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Abstract: Asthma is a complex disease, caused by a combination of genetic and environmental factors. The prevalence of asthma is
increasing too rapidly to be attributable to genetic factors alone. Thus, environmental factors are becoming increasingly recognized as the
cause of asthma. Modifying these environmental factors may be a simple approach for asthma prevention. To date, dietary intervention is
an interesting modifiable factor because it can be implemented at the population level. The modification of systemic inflammation,
oxidation, and microbial composition might be a mechanistic basis for prevention. This review summarizes the mechanistic basis and
evidence from clinical studies on the association between dietary factors and asthma development. We also summarize the recommenda-
tions from many organizations and regional guidelines to assist the practicing physician to improve patient care.
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Introduction

Asthma is a complex disease, caused by a combination of genetic and environmental factors, leading to heterogeneous
phenotypes.' Extrinsic factors (ie, allergens, viruses, pollutants, diets, detergents, and microbiome dysbiosis) and intrinsic
factors are considered as the drivers of cellular dysfunction, aberrant immune response, resulting in abnormal metabolic
programming of immune cells. The disease has become one of the most common atopic disorders in both developed and
developing countries.” As the change in asthma prevalence has been too rapid to be explained by changes in the gene
pool, environmental factors are becoming increasingly recognized as the cause of the recent trend in asthma prevalence.
Among the environmental factors implicated in asthma pathogenesis, air pollution, dietary patterns, viral infections, and
early microbial exposure have been studied.>* These modifiable factors may present relatively easy opportunities for
asthma primary prevention. Dietary intervention is a modifiable factor of great interest because it can be implemented at
the population level. The underlying mechanism could be due to modification effects on systemic inflammation,
oxidation, and microbial composition, as summarized in Figure 1.

The investigators of randomized or nonrandomized studies of the effect of dietary factors in mother-infant dyads for
prenatal intake in pregnant mothers and developing asthma or postnatal intake in children and the effect on developing
asthma are confronted with major challenges in proving any protective effect. There is no gold standard diagnosis for
asthma, so there is a risk of outcome misclassification bias, and it is difficult to avoid exposure measurement error in

dietary factor intake in the study of free-living populations without intensive validation of measures of intake, such as
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Figure | Mechanisms of dietary interventions on asthma.

Note: This figure was created using BioRender.com.

Abbreviations: APC, antigen-presenting cell; COX, cyclooxygenase; HMO, human milk oligosaccharides; IgA, immunoglobulin A; LOX, lipoxygenase; MHC, major
histocompatibility complex; SCFAs, short-chain fatty acids; Th2, T helper 2 cell; Treg, regulatory T cell; 12,13-diHOME, 12,13-dihydroxy-9-octadecenoic acid.

food diaries, even in controlled experiments.® Moreover, for longer term outcomes, such as developing asthma by 7 years
old, dropout rates may be high, affecting the precision of estimates and thereby the power to detect a significant effect.
Also, differential dropout rates correlated with the dietary factor or the outcome may bias results.” Finally, there is the
issue of sufficient sample size in a relatively rare outcome at the population level to detect small or moderate effects if
those magnitudes of effect are assumed to be likely for most dietary factors. Using the optimal information size concept
for meta-analysis power,” this may require large or very large pooled sample sizes in meta-analyses. For example,
a Phase III, 2-arm parallel group, placebo-controlled randomized controlled trial (RCT) with a 1:1 allocation ratio to
confirm that a dietary factor can reduce the incidence of asthma in children by 20% assuming p-value significance of
<0.05 (alpha of 5%) and power of 90% (beta of 10%) and a control group event rate of 5% would require a total pooled
sample size of 18,060 participants.” Thus, pooled meta-analyses would have to achieve sufficient pooled sample sizes to
achieve acceptable precision to be conclusive. Higher control group event rates and larger putative reductions in
incidence would reduce the burden of large pooled sample sizes.

In this review, we aim to describe how dietary interventions affect or have been hypothesized to affect asthma
pathophysiology and to evaluate the evidence on the associations between dietary factors and developing asthma from
clinical studies, providing commentary on methodologic concerns that should be considered by evidence appraisers. We
also compare the recommendations from organizations and regional guidelines to assist the practicing physician to
improve patient care.

Dietary Factors

Breastfeeding
Milk is the source of energy and nutrition during the first few months of life. Human milk consists of essential
macronutrients, micronutrients, and also contains bioactive factors that affect biological processes involved in body
functions, including immunoglobulins (Ig), anti-inflammatory cytokines, growth factors, and hormones."’

Human milk oligosaccharides (HMOs) are the key bioactive components uniquely found in human breast milk. One
of the important components of HMOs is 2’-fucosyllactose (2° FL). 2'FL is a non-digestible sugar.'' It promotes gut
microbiota enrichment, has anti-adhesive effect on pathogens,'? and modulates the immune system.'* Ingested HMOs in
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Figure 2 Dietary interventions from current evidence on prenatal intake in pregnant mothers and postnatal intake in children for asthma primary prevention.
Notes: Most guideline recommendations were based on limited evidence and could not make a firm conclusion. Created with BioRender.com.

the gut are fermented into short-chain fatty acids (SCFAs), including acetate, butyrate, and propionate. These SCFAs
enhance the growth of Bifidobacterium and Lactobacillus."* SCFAs also have anti-inflammatory properties by promoting
regulatory T cell (Tregs) and induce mucosal immunoglobulin A (IgA) production. '’

Random assignment of exclusive breastfeeding is problematic due to the patient autonomy of the mother. Hence,
proving a treatment effect by RCT is challenging. Only two follow-up studies of one RCT have been reported.'®!”
Among pregnant mothers intending to breastfeed, interventions by healthcare workers promoting exclusivity and
prolonged breastfeeding were compared with not promoting breastfeeding for the outcome of participant self-reported
“ever asthma”. At 6.5 and 11.5 years old, no significant differences were found in the relative effect on “ever asthma”
((OR 1.20; 95% CI 0.70, 1.90) vs (OR 0.76; 95% CI 0.47, 1.23), respectively).'®!” However, these studies were limited
by inability to blind participants assessing the outcome “ever asthma” to the assigned interventions and the indirectness
of both the investigated intervention compared to the intervention of true interest, quantified breastfeeding, and the
closest possibilities to a gold standard outcome definition, for example, documented physician-diagnosed asthma or
a detailed symptoms diary. Thus, we suggest these studies represent a very low level of evidence for the lack of the true

effect. This is still inconclusive if only considering RCTs.
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In the past decade, four systematic reviews with meta-analyses investigating asthma development and breastfeeding
have been published.'® 2! However, we only focus on the most recent because it substantially overlaps with previous
reviews in included studies and comparisons and has stricter inclusion criteria for methodologic quality of analyzed
studies. Xue et al’s*® recent meta-analysis was restricted to cohort studies with outcomes of physician-diagnosed asthma
or by well-recognized guidelines unlike previous meta-analyses. “Ever breastfeeding” did not show a significant inverse
association (OR 0.87; 95% CI 0.72, 1.04; 12=76%) among 89,861 mother-infant dyads in 18 studies although more
exclusive among 30,587 mother-infant dyads in 17 studies and more breastfeeding among 116,649 mother-infant dyads
in 36 studies showed a significant inverse association ((OR 0.81; 95% CI 0.72, 0.91; I’=44.0%) and (OR 0.84; 95% CI
0.75, 0.93; 1’=62.4%), respectively). Subgroup analysis of 12 studies suggested the inverse association between more
breastfeeding with developing asthma becomes uncertain after the age of 7 years. Another subgroup analysis suggested
a significant inverse association in 11 studies between “ever breastfeeding” and developing asthma excluding methodo-
logically low-quality studies (OR 0.77; 95% CI 0.63, 0.94; [’=44.8%).

Two observational cohort studies of the effect of breastfeeding on developing asthma in children at high risk of
developing asthma have been conducted. A prospective cohort study among 624 mother-infant dyads of mothers with
physician-diagnosed asthma found breastfeeding for greater than 6 months had a significant inverse association with
the risk of “ever wheeze” at around 6 months of age (aRR 0.54; 95% CI 0.30, 0.96). However, it is notable that lesser
durations of breastfeeding and “ever wheeze” by at 12 months of age were not significant.”> However, this study was
limited by using caregiver-reported wheezing in an unblinded, nonrandomized study rather than a more valid asthma-
specific outcome. A more recent urban population-based Australian cohort study HealthNuts of 5276 mother-infant
dyads investigated whether physician-diagnosed eczema incidence during the first year of life affected the association
between breastfeeding and physician-diagnosed asthma prevalence at 6 years old.*® This study found weak evidence
that duration of breastfeeding scaled in months may correlate with a reduction in asthma prevalence at 6 years old
only in infants without early development of eczema while there was no significant association in those with early
development of eczema ((aOR 0.98; 95% CI 0.95, 1.00) vs (aOR 1.03; 95% CI 0.98, 1.08), respectively).

We draw conclusions about the association between breastfeeding and developing asthma from the evidence from clinical
studies. It is highly likely both exclusive and non-exclusive human milk feeding have small protective effects against
developing asthma evidenced by pooled analysis of a large sample from high quality cohort studies demonstrating a dose—
response relationship. Prolonged breastfeeding is desirable for a greater protective effect. It is inconclusive as to whether any
protective effect persists in children older than 7 years. The small protective effect in younger children becomes a significant
public health benefit at the population level. The one randomized trial was very low-quality evidence. Weak evidence from
one large, population-based cohort study suggests the protective effect of increased duration of breastfeeding against asthma
in later childhood may be lost among infants with higher risk of atopic disease. Moreover, there are opportunities to refine
research methods. Randomization of future studies on breastfeeding intervention may be challenging, if not impossible, due
to the mother’s right to autonomy. Thus, we suggest in the era of increasing implementation of population-based electronic
health records and database linkage, large prospective cohort studies collecting sufficient data on confounders may be able to
obtain acceptable marginal effect counterfactual comparisons for the average treatment effect very close to those of RCTs by
innovative methods, such as g methods.** Future studies should define the asthma outcome to reduce misclassification as
much as possible, such as physician-diagnosed asthma. Non-differential misclassification between compared groups
attenuates the relative effect towards null and differential misclassification biases away from null. If outcomes or exposures
are misclassified or measured with error, methods for adjustment exist for sensitivity analysis.>> Widespread misclassification
and measurement error patterns due to outcome definitions may partially explain the inconsistency of the association of
breastfeeding and developing asthma observed between studies in some meta-analytic systematic reviews.

Recommendations on breastfeeding practice guidelines are summarized in Table 1. Most recommendations on breast-
feeding are based on the general health benefits to mother and child and are not specifically about allergy prevention.
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Table | Summary of Recommendations on Breastfeeding Practice
Year Guideline/Society Statement
2021 CPS/CSACI'** ® Promote and support breastfeeding for up to 2 years and beyond.
2020 Dietary Guidelines for ® Feed human milk for the first 6 months of life.
Americans (2020-2025)'% ® Exclusive breastfeeding is encouraged.
2020 AAIAT'2¢ ® Breastfeeding for at least 4 months
2019 ESCNH'% ® Early nutrition, preferably using human milk
® Exclusive feeding with human milk during the hospital stay
® Encourage mothers to give exclusive breastfeeding after discharge.
2019 ASCIA'2® ® Breastfeeding for at least 6 months and for as long as mother and infant wish
to continue
® No consistent evidence of the effect of breastfeeding on allergy prevention.
However, breastfeeding is recommended for other benefits it provides to
mother and infant.
2019 AAP'? ® Any breastfeeding beyond 3—4 months duration protects against wheezing in
the first 2 years.
® A longer duration of any breastfeeding may protect against asthma beyond age
5 years.
2017 WHO'3° ® |Initiate breastfeeding within the first hour of birth.
® Exclusive breastfeeding for the first 6 months of life
® No other foods or liquids to be provided, including water
® No bottles, teats, or pacifiers should be used.
2013 AAAA|'3!132 ® Exclusive breastfeeding for at least 4 months and up to 6 months to reduce
early wheezing before 4 years of age, but not necessarily to reduce asthma
2012 Finnish Allergy Programme ® Exclusive breastfeeding for 4-6 months
2008-2018'3>"34

Notes: TThese recommendations are for preventing allergic diseases by dietary factors and are not specific to asthma. They typically consider the
costs, benefits, and level of evidence.

Abbreviations: AAAAI, American Academy of Allergy, Asthma & Immunology; AAIAT, the Allergy, Asthma and Immunology Association of Thailand;
AAP, American Academy of Pediatrics; ASCIA, Australasian Society of Clinical Immunology and Allergy; CPS, Canadian Paediatric Society; CSACI,
Canadian Society of Allergy and Clinical Immunology; ESCNH, European Standards of Care for Newborn Health; WHO, World Health Organization.

Probiotics
Probiotics are microorganisms resulting in health benefits for the host if ingested in an adequate amount. Prebiotics are
selectively fermented ingredients causing particular changes to the composition of the gastrointestinal microbiota,
conferring health benefits. Products containing both are defined as synbiotics.*®

The microorganisms colonizing the human body form the microbiome influencing the human immune system.?” The
human gut microenvironment undergoes specific changes from birth, according to their constant pressure and the
maturing the immune system.?*~° The microbiome influences the metabolome at both near and distant body sites and
the metabolome can affect the microbiome.***! Probiotics can restore the composition of the gut microbiome, resulting
in health benefits by modulating both innate and adaptive immunity. Probiotics could induce systemic tolerance by
reducing T helper 2 (Th2) response and increasing Tregs.*” Several probiotics could induce Tregs and their functions by
a different mechanism, for example, Clostriah’um,33 Bzﬁdobacterium,34 Lactobcwillus,35 Escherichia coli Nissle 1917,36
and the probiotic mixture VSL#3 (four Lactobacillus spp., three Bifidobacterium spp., and one Streptococcus spp.).>’
Additionally, probiotics are associated with increased immunoglobulin A production, which has a role in antimicrobial
immunity.*® In innate immunity, probiotics could activate the mucosal barrier to improve mucous production, monocytes
to increase circulating monocytes, and dendritic cells to augment dendritic cell activity.***° Probiotics also increased the
production of SCFAs metabolites, promoting Treg activation in lung tissues.*'

The most recent meta-analysis of prenatal maternal probiotic intake to prevent the development of asthma in their
offspring reported two asthma outcome-specific studies.*? A placebo-controlled RCT of intake of probiotics from 36
weeks of gestational age to 3 month after birth among 415 pregnant mothers with an asthma outcome in their children
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Table 2 Summary of Recommendations on Intake of Probiotics and Prebiotics
Year Guideline/Society Statement
2022 GINA'3* ® Evidence is insufficient to recommend probiotics for the prevention of allergic

diseases (ie, asthma, rhinitis, eczema, and food allergy)

2016 WAQ'3¢ ® For not-exclusively breastfed infants: suggests prebiotic supplementation.

® For exclusively breastfed infants: do not use prebiotic supplementation.
(Conditional recommendations and a very low certainty of the evidence)

2015 WAO'¥ ® For pregnant mothers at high risk for allergy in their children: suggests use of

probiotics due to the net benefit for eczema prevention. However, there is a lack

of evidence to prevent allergies other than eczema.

(High risk for allergy in a child is defined as a biological parent or sibling with

allergic rhinitis, asthma, eczema, or food allergy)

2020 ESPGHAN'3® ® Focuses on probiotics and preterm infants. No recommendations on allergy
prevention were made.

2011 ESPGHAN'?? ® Does not recommend routine administration of prebiotics for the prevention of
allergies

Notes: TThese recommendations are for preventing allergic diseases by dietary factors and are not specific to asthma. They typically consider the
costs, benefits, and level of evidence.

Abbreviations: ESPGHAN, Nutrition Committee of the European Society of Pediatric Gastroenterology, Hepatology and Nutrition; GINA, Global
Initiative for Asthma; WAO, World Allergy Organization.

defined as multiple episodes of wheezing with inhaled glucocorticoids use, or signs of suspected hyper-reactivity without
concurrent upper respiratory infection at 2 years old and its follow-up study at 6 years were reported.*>** No significant
results were found. However, the dropout rate was high. Another placebo-controlled RCT of probiotic intake from 14 to
16 weeks of gestational age to 6 month after birth among 423 pregnant mothers with an outcome of any history of
wheeze in their children at 6 and 12 months of age also did not report significant results.*> Although the methodologic
quality of these studies was good, the non-significant findings were not pooled in meta-analysis due to methodologic
heterogeneity. Those findings were from exploratory subgroup analyses.

In terms of observational evidence on the association between probiotics and atopy/wheezing in children, one cross-
sectional study showed children with atopy and wheezing at 1 year of age had significantly decreased populations of
Bifidobacterium, Ruthie, Faecalibacterium Lachnospira, and Veillonella in their guts at 3 months of age.*® In terms of
RCTs, the most recent meta-analysis of six placebo-controlled RCTs among 1659 children showed postnatal probiotics
use did not prevent a well-defined asthma outcome.*’ It is possible that the large proportions of included children with
high risk of developing asthma represents a highly selected population, so these findings may not be generalizable to
those without such high risk.

Our conclusions based on the clinical study evidence on prenatal maternal probiotic intake are that the effect is
inconclusive because they are based on exploratory subgroup analyses that could not be soberly pooled. Further high-
quality randomized studies with well-defined primary endpoints for asthma-specific outcomes are required. Our conclu-
sions on postnatal probiotics intake in children are that the effect is inconclusive due to most studies selecting children
with high risk of developing asthma. Further studies in unselected populations are needed.

According to our conclusions, the recommendations relating to probiotics and prebiotics used in allergy prevention
are based on insufficient evidence. The differing recommendations between organization guidelines are summarized in
Table 2.

Fatty Acids

Fatty acids are an important component of lipids in plants and animals. Fatty acids are aliphatic carboxylic acids,
containing a hydrocarbon chain and a carboxyl group at the other end. Fatty acids are classified as saturated fatty acid
(SFA), monounsaturated fatty acid (MUFA), and polyunsaturated fatty acid (PUFA), according to their double-bond
structure.*® Fatty acids commonly combine with glycerol, forming triglycerides in nature.

1130 "= Journal of Asthma and Allergy 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Takkinsatian et al

Fatty acids influence multiple physiologic processes in the human body. The PUFAs, namely, omega-6 (n-6) and
omega-3 (n-3) fatty acids, regulate the immune system.*’ Foods with a high amount of n-3 fatty acids include fatty fish,
algae, and several high-fat plant foods while n-6 fatty acids are mainly found in margarine and vegetable 0il.”° Lipid
mediators known to regulate inflammation are derived from 1) omega-6 (n-6) and its metabolites, namely arachidonic
acid (AA) and linoleic acid (LA), and 2) omega-3 and its metabolites, namely eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). AA-derived mediators mainly consist of prostaglandins (PG) and cysteinyl leukotrienes
(Cysts). Through enzymatic oxidation by cyclooxygenase (COX), PGE2, thromboxane A2, and PGD?2 are produced. The
latter two metabolites have been shown to be proinflammatory and have been associated with bronchoconstriction while
PGE2 promotes airway smooth muscles relaxation.’’>* Several studies have shown that AA-derived lipoxin A4 (LXA4)
and EPA- and DHA-derived (protectins, resolvins, and maresins) are dysregulated in severe asthmatics.>*>*

There is observational study evidence from one large population-based cohort study that high plasma PUFA level in
4986 pregnant women in during the second trimester was significantly associated with lower risk of asthma/persistent
wheeze in their children at 6 years old.> In terms of RCTs, the effect of fatty acids in pregnant mothers on asthma
prevention has been investigated in two recent meta-analyses reporting discordant findings. Venter et al’® found among
1743 mother-infant dyads in four RCTs, no significant difference between n-3 fatty acids supplementation during
pregnancy and mostly vegetable oil controls (one study had no control substance) and risk of having asthma/wheeze
in children, age ranging from 6 months to 16 years (OR 0.70; 95% CI 0.45, 1.08; I’=51%) while Lin et al reported
a significantly reduced incidence of wheeze/asthma in children, age ranging from 6 months to 16 years (RR 0.81; 95% CI
0.66-0.99; 1’=41.8%) among 2047 mother-infant dyads in six RCTs.”’

Observational study evidence has been reported on the association of postnatal fatty acids intake in children and asthma/
recurrent wheeze. A birth cohort study investigating dietary PUFAs intake and plasma PUFAs level found a significant
negative associated with asthma and/or recurrent wheeze and atopy in 235 children aged 3 years.>® In a nested case-control
study of 84 children comparing from the PASTURE birth cohort study, those without asthma at 6 years old had significantly
higher consumption of unprocessed farm milk, which has a higher n-3 fatty acids content.> Similar to pregnant women, the
effect of PUFA intake on developing asthma might be modified by gene-nutrient interaction. In children with fatty acid
deficiency variants, a higher intake of fish-derived EPA and DHA was strongly associated with reduced asthma risk up to mid-
adolescence.® In terms of RCTS, there are discordant results between the most recent meta-analysis including only RCTs and
the most recent meta-analysis including only birth cohort studies comparing between of PUFA (fish oil capsules or omega-3
fatty acids) intake and mostly vegetable oil control groups for the outcome of childhood asthma/wheeze. In a meta-analysis of
RCTs pooling 2415 children in five studies, no significant reduction of wheeze/asthma was found (OR 0.97; 95% CI 0.65,
1.47; I’=52%); 4 of 5 of the included RCTs recruited children with high risk of asthma/atopic disease.®' Conversely, a meta-
analysis of large birth cohorts pooling 9212 children from three studies found fish oil may have a protective effect (OR 0.76;
95% CI 0.61, 0.94; I’=11.5%).%*

We conclude based on clinical studies that the overall effect of fatty acid supplements in pregnant women is
inconclusive. The use of a fixed effect model instead of a random effects one in the meta-analysis with significant
results produced anti-conservative confidence intervals and precludes generalization.®*** Notably, the sample size of
RCTs if subgrouping studies by their outcome definitions in the literature was too small for confident estimation of
confidence intervals for generalization.®> At least five studies are required for random effects modeling for correct
confidence interval coverage, so more high quality RCTs are required.®®®” For postnatal fatty acids intake in children to
prevent the development of asthma, children with high risk of asthma may not protect against childhood asthma. More
high-quality RCTs are required to confirm this. However, the conclusion may not be generalizable to children without
high risk of asthma. The findings from the meta-analysis of large birth cohorts may better represent a tentative effect of
fatty acid intake in children without high risk of asthma because pooled results were adjusted for confounding risk factors
of developing asthma. Nevertheless, there were too few studies in that analysis for confident estimation, and the
estimated effect may be biased by residual confounding in nonrandomized studies. Thus, we conclude that the evidence
is inconclusive. More RCTs in unselected populations are required.

We summarize the current recommendations on fatty acid-rich food and the dietary pattern for allergy prevention in
Table 3.
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Table 3 Summary of Recommendations on Fatty Acid-Rich Food and the Dietary Pattern!
Year Guideline/Society Statement
2021 The Finnish Allergy ® Primary prevention: Follow a healthy diet (eg, the Mediterranean or Baltic
Program 2008-2018'3%!34140 diets) including fresh fruits, berries, vegetables, and less meat.

® Secondary prevention: A healthy, anti-inflammatory diet (the Mediterranean or
Baltic diets) may improve asthma control.

2022 GINA'3® ® Pregnant mothers: Maternal dietary intake of fish or LC-PUFA showed no

consistent effects on the risks of wheeze, asthma, or atopy in children. Dietary

changes during pregnancy are not recommended.

2019 ASCIA'?28 ® Pregnant and lactating mothers: Eat a healthy balanced diet rich in fiber,

vegetables and fruits. Eat up to 3 servings of oily fish containing omega-3

fatty acids per week

2019 EAACI®® ® Public recommendations: Fatty acids are essential components of a healthy
diet and deficiencies should be avoided.

® At risk of LC-PUFAs deficiency (eg, allergic children on elimination diets):
Dietary assessment of LC-PUFAs intake is advised, and safe dietary expansion
to include LC-PUFA-rich foods or PUFA supplementation may be required.

® Pregnant and lactating women: Supplementation studies demonstrated more
consistent result of asthma risk reduction when mothers had low preexisting
levels of EPA and DHA

Notes: "These recommendations are for preventing allergic diseases by dietary factors and are not specific to asthma. They typically consider the
costs, benefits, and level of evidence.

Abbreviations: ASCIA, Australasian Society of Clinical Immunology and Allergy; DHA, docosahexaenoic acid; EAACI, The European Academy of
Allergy and Clinical Immunology; EPA, eicosapentaenoic acid; GINA, The Global Initiative for Asthma; LC-PUFA, Long-chain polyunsaturated fatty acid;
PUFA, polyunsaturated fatty acid; US FDA, The United States Food and Drug Administration.

Mediterranean Diet

The Mediterranean Diet incorporates traditional healthy foods from countries bordering the Mediterranean Sea. It
includes a high amount of vegetables, fruits, legumes, nuts, beans, cereals, grains, fish, and unsaturated fats but a low
intake of meat and dairy foods.°® They have been recognized for health benefits, especially the reduction of non-
communicable metabolic diseases, such as type 2 diabetes mellitus, cardiovascular diseases, and neurodegenerative
diseases.®” However, studies showed controversial findings regarding hyperresponsive airway disease. Within this diet,
vegetables, fruits, and whole-grain have antioxidant properties, which may have a direct effect in reducing systemic and
airway inflammation, ameliorating the effects of Th2 immune responses and nuclear factor kappa B (NF-kB).”® The high
fiber component in the Mediterranean Diet is further fermented by gut microbiome, generating SCFAs.”' Butyrate is the
most potent histone deacetylation inhibitor, promoting the transcription factor FOXP3, which polarizes naive T cells to
Treg cells. Finally, less energy intake is usually associated with the consumption of healthy foods, which may lead to
weight reduction and improved asthma symptoms control.”>"?

To the best of our knowledge, the association between the consumption of Mediterranean Diet during pregnancy or
infancy and an asthma incidence has only been demonstrated in nonrandomized studies of diet scores rather than by an
individual component. The diet scores KIDMED’* and Mediterranean Diet scale®® have been used to assess adherence to
the Mediterranean Diet. Studies in the most recent meta-analysis used extreme phenotypes group comparison between
the high adherence group and the low adherence group to obtain more statistical power.”> This meta-analysis of prenatal
maternal Mediterranean Diet and parent-reported or physician-diagnosed childhood asthma outcome pooling 2852
mother-infant dyads from two observational studies reported no significant association. When the defined outcome
was wheeze at 12 months old, a significant inverse association was reported pooling 5089 mother-infant dyads from three
observational studies (OR 0.92; 95% CI 0.88, 0.95; I’=0%).

In the same meta-analysis for prenatal maternal Mediterranean Diet,”” childhood high versus low adherence to
a Mediterranean Diet for the association with developing asthma was also compared in 78,587 children from pooling of
five cross-sectional studies, one case-control study, and one cohort study. No significant protective effect was reported.
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When the outcome was defined as wheeze in three cross-sectional studies, a significant protective effect was reported
(OR 0.51; 95% CI 0.37, 0.70; I’=0%).

Based on the clinical study evidence, we conclude that whether a prenatal Mediterranean Diet in pregnant mothers
protects against developing asthma is inconclusive because of the lack of reported RCTs, the lack of positive findings in
meta-analyses of observational studies using a strict asthma outcome, too few studies for confidence interval validity in
meta-analysis, and the large proportion of cross-sectional studies, which may have a risk of reverse causality of the
exposure and effect relationship. Inconsistency between asthma and wheeze outcome definitions may be due to
misclassification in unblinded observational studies. Further, high quality randomized and nonrandomized studies are
required with good asthma outcomes definitions. For postnatal Mediterranean Diet intake in children, we consider the
evidence to be inconclusive because of the lack of reported RCTs along with discordant results from meta-analysis of
observational studies between developing asthma and developing wheeze outcomes, which had results based on too few
studies to conclude.

Vitamin D

Vitamin D is a fat-soluble nutrient that plays role in many systemic functions, such as a modulator of calcium absorption
and immune regulation.”® Vitamin D is primarily acquired from sun exposure and to a lesser extent from food. However,
lack of sufficient vitamin D is common worldwide with an estimated at least 1 billion people with vitamin D deficiency/
insufficiency. The prevalence of vitamin D deficiency among adult populations ranged between 5.9% and 640%, and the
Asian population had a higher rate than the Caucasian population.””-”®

Vitamin D can regulate the innate and adaptive immune responses.’® Active vitamin D has an immunoregulatory
effect® by decreasing dendritic cell function, stimulating IL-10 production, and promoting Treg functions.®' Promoting
Treg function results in suppression of DCs and inhibition of effector Thl, Th2, and Th17 cells, inhibiting allergen-
specific IgE production and inducing IgG4 secretion. Treg also suppresses mast cells, basophils, and eosinophils,
interacting with resident tissue cells and participating in tissue remodeling in allergic asthma and allergic rhinitis
patients.®* The vitamin D receptor (VDR) is a member of the steroid receptor superfamily. Previously published data
on the connection of polymorphisms in the VDR gene with asthma have produced conflicting results.***” Genetic
variation in genes other than VDR was implicated in vitamin D metabolism, and signaling pathways were also
discovered in asthmatic children.*® A murine model in VDR-knocked out mice showed they did not develop asthma.®
Thus, VDR expression is required for the development of lung inflammation.’® Furthermore, the presence of VDR in
human bronchial smooth muscle cells has recently been reported, and vitamin D regulates the expression of a large
number of genes, including those involved in smooth muscle cell contraction, inflammation, glucocorticoid, and
prostaglandin regulation.”!

A meta-analysis among 1513 mother-infant dyads in three RCTs showed that vitamin D3 supplementation during
pregnancy reduced the risk of wheeze/asthma in offspring at 6 years old (OR 0.72; 95% CI 0.56-0.92; 1°=0%).°® In meta-
analysis of observational studies, vitamin D supplementation during pregnancy compared with no vitamin D in 16,527
mother-infant pairs from six observational studies (one case-control and five cohort studies) was inversely associated
with risk of developing asthma in children (OR 0.78, 95% CI 0.69-0.89; 1°=63%). The age when the outcomes were
observed is varied from 2 to 10 years. When the outcome was defined as asthma/wheeze, the inverse association
remained (OR 0.65 (95% CI 0.54, 0.79; 1’=79%)).”*

In terms of the effect of postnatal vitamin D supplements, there was limited evidence from two observational studies
that were not pooled and did not find significant results.”® However, one double-blinded, placebo-controlled RCT in 300
pre-term, black infants showed that sustained vitamin D supplementation reduced risk of recurrent wheezing at 12
months.”

We conclude based on clinical studies that there is sufficient consistency between more and less asthma-specific
outcome definitions in the meta-analysis of observational studies that it is quite likely that vitamin D supplementation
during pregnancy has a small protective effect against developing asthma. Future meta-analyses of larger cohorts of high-
quality RCTs should greatly increase the confidence in this conclusion. For postnatal vitamin D intake in children, the
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Table 4 Summary of Recommendations on Vitamin D Intake®

Year Guideline/Society Statement

2022 GINA'3* ® Pregnant mothers or women planning pregnancy: ldentifying and correcting vitamin

D insufficiency may reduce the risk of early life wheezing episodes in children.

2015 WAO'37 ® Pregnant mothers and breastfeeding mothers: Do not use vitamin D supplementation
to prevent the development of allergic diseases in their children (conditional recom-
mendation, very low certainty of evidence).

® |nfants: Do not use vitamin D supplementation to prevent the development of allergic
diseases (conditional recommendation, very low certainty evidence).

Notes: TThese recommendations are for preventing allergic diseases by dietary factors and are not specific to asthma. They typically consider the
costs, benefits, and level of evidence.
Abbreviations: GINA, The Global Initiative for Asthma; WAO, World Allergy Organization.

evidence is inconclusive. Despite the high methodologic quality of the one available RCT, it was a medium-sized, single-
centered trial in a highly selected population. Thus, no generalized conclusion can be drawn for an unselected population.
The recommendations on vitamin D intake in asthma prevention are summarized in Table 4.

Vitamin C
Vitamin C (ascorbic acid) is a potent water-soluble antioxidant found in various fruits and vegetables. It has been
associated with lower risks of cardiovascular disease, stroke, and cancer.”” Vitamin C has also shown anti-inflammatory
properties. Vitamin C supplementation reduces C-reactive protein (CRP) in individuals with elevated CRP levels.”®
Vitamin C could have beneficial effects on asthma through its immune-modulatory (eg, prostaglandin inhibition),
antioxidant, and anti-inflammatory properties. In experimental models, vitamin C has been linked to decreased airway
responsiveness as well as reduced perivascular and peribronchiolar infiltration by inflammatory cells.””®

In terms of asthma prevention, the most recent meta-analysis of observational studies showed no association between
vitamin C supplements in pregnant women and offspring asthma (2 studies) or wheeze (5 studies).”” One small, multi-
centered, double-blinded, placebo-controlled trial showed that vitamin C supplements in 159 pregnant smoking mother-
infant dyads showed a significant decrease “ever wheeze” at 1 year old in the offspring in a secondary analysis.'*
Regarding postnatal vitamin C supplementation, a systematic review of both RCTs and observational studies found no
significant treatment effect or inverse associations, respectively, between vitamin C and developing asthma or wheeze,
and these findings were obtained from meta-analytic models with less than five studies per type of study design except
for cross-sectional ones, of which there were seven.'®!

We conclude based on clinical studies that there is insufficient high-quality evidence on prenatal maternal vitamin
C supplementation and the risk of developing asthma. More high-quality RCTs or observational cohort studies are
required. Despite the high quality of the RCT of vitamin C supplementation in smoking pregnant mothers, more RCTs
need to be performed in smoking mothers as it was a small RCT. Furthermore, we conclude that there is insufficient
evidence of the effect of vitamin C supplementation in children and the risk of developing asthma, and more high-quality

studies are needed.

Vitamin E
Vitamin E is a collection of fat-soluble compounds, found in many foods, such as nuts, seeds, green vegetables, and
vegetable oils, and it has distinctive antioxidant activities.'®> Naturally occurring vitamin E exists in eight chemical
forms (a-, -, y- and o-tocopherol as well as o-, B-, y- and d-tocotrienol), of which a-tocopherol has the greatest
bioavailability and is the best characterized.'*®

Vitamin E has been shown to affect the immune system due to its antioxidant and anti-inflammatory properties.'**'%>
Vitamin E could inhibit NF-kB pathways'®'%’

E also inhibits pro-inflammatory cytokines, such as IL-1, IL-6, and TNF-a.'%>'°%"'% The gene expression of IL-4,

and could prevent the release of reactive oxygen species.'®® Vitamin

a central cytokine in the Th2 allergic inflammatory pathway, could be inhibited by vitamin E.""" Vitamin E also prevents
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the suppression of nuclear factor-like 2,''? the master transcription factor regulating the expression of Phase II
antioxidant and detoxifying enzymes. Pregnant mothers with lower intakes of vitamin E showed heightened responses
of cord blood mononuclear cells to antigen stimulation.'"?

In terms of prenatal prevention, the most recent meta-analysis of observational cohort studies showed that vitamin
E supplementation in 35,770 pregnant mothers in six studies was not significantly inversely associated with developing
childhood asthma (OR 0.97; 95% CI 0.95, 1.00; I’=50%), but there was a significant inverse association with childhood
wheezing (OR 0.65; 95% CI 0.56, 0.75; >=0%) among 6680 pregnant mothers in seven studies.''* Interestingly, the
meta-analysis of the asthma outcome was dominated by one study contributing to 97% of the pooled result.''® This study
collected food diaries at 25 weeks of gestational age from a population-based cohort of pregnant Danish mothers and
performed acceptable covariate adjustment for confounding, finding no significant association between intensity of
vitamin E intake an developing asthma. However, serum vitamin E levels were not used to validate food diaries by
objective correlation in any of the pregnant mothers, and the outcome defined for asthma included caregiver-reported
“ever asthma” in the systematic review. Subgroup analyses using “ever prescribed for asthma” and “ever hospitalized for
asthma” still showed non-significant associations in 28,399 mother-infant dyads.

In terms of postnatal vitamin E and asthma risk, the nested case-control from the Finnish birth cohort showed no
significant association between serum tocopherols level between age 1-4 years and asthma risk by the age of 5 years in
confounder-adjusted models.'"®

We conclude that the evidence on vitamin E supplementation for pregnant mothers is inconclusive. There is a lack of
RCTs, and the most recent meta-analysis of the asthma outcome is dominated by a single cohort study without objective
validation of the exposure measurement. We suggest that future studies using food diaries should include such objective
validation of a randomized subsample of the cohort with meticulous methods to reduce measurement error and probe its
effects by sensitivity analysis. We conclude that there is no evidence on vitamin E supplementation in children to prevent
the development of asthma. There is only one negative-findings nested case-control of the association of mean levels of
serum o-tocopherol and y-tocopherol in infants and developing asthma.

Zinc
Zinc is an essential micronutrient and a cofactor for the function of numerous proteins Zinc regulates immune system via
various mechanisms. Firstly, zinc is involved in posttranslational modifications of proteins as it affects the activity of
protein kinases and phosphatases.''” Secondly, zinc regulates intracellular signaling pathways via the control of signaling
pathways including the NFkB signaling pathway and the T cell receptor signaling.''® Thirdly, zinc depletion decreases
Thl immune responses and promotes Th2 responses.''? Finally, zinc suppresses eosinophilic airway inflammation.'*°

In terms of zinc level in children and its association with asthma, a recent meta-analysis showed no significant
difference between the standard mean differences of zinc level in asthmatic children compared to the control group.12 !

A meta-analysis of observational studies prenatal maternal dietary zinc intake and the risk of developing asthma and
wheezing outcomes®® found that developing asthma by the age of 5 years was not significant among 3694 mother-infant
dyads in two studies and that developing wheeze by the age of 1-2 years was significant (OR 0.57, 95% CI 0.40, 0.81;
°=0%). The most recent meta-analysis of observational studies and RCTs>® presented the two observational studies,
Litonjua et al,'** a placebo-controlled RCT of 881 mother-infant dyads, and Miyake et al,'*> a cohort study of 763
mother-infant dyads, unpooled and reported significant findings.

To date, there are no reports about postnatal zinc intake in children for prevention of developing asthma.

We conclude from clinical studies that there is insufficient evidence on prenatal maternal zinc intake and prevention
of developing asthma in their children. The evidence is inconclusive due to too few studies for valid confidence interval
coverage estimation in meta-analysis and inconsistent results between asthma and wheeze outcomes. There is no

evidence regarding postnatal zinc intake in children for prevention of developing asthma.

Conclusion
We summarize from evaluations of evidence from clinical studies that it is likely that breastfeeding and prolonged
breastfeeding has a protective effect against developing asthma, and that vitamin D supplementation for pregnant mothers
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is quite likely to have a protective effect against developing asthma. Prenatal intake in pregnant mothers or postnatal
intake in children of prebiotics or probiotics, dietary fatty acids, intensity of adherence to the Mediterranean Diet, vitamin
C, vitamin E, or zinc for a protective effect for developing asthma were inconclusive due to a variety of reasons,
including insufficient numbers of studies, lack of studies, or performance of studies in highly selected populations
(Figure 2). If feasible, more high-quality RCTs using good dietary factor exposure and asthma incidence outcome
definitions along with objective validation of exposure measurements would allow evidence appraiser to draw more
confident conclusions. International consensus on these along with standardization of eligibility criteria and regimens of
dietary factor if possible would be helpful so that meta-analyses can appropriately pool larger numbers of studies with
larger pooled sample sizes for better power. Alternatively, if performing RCTs is impracticable, innovative nonrando-
mized study methods exist to estimate the same marginal relative average treatment effect as RCTs.
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