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Abstract: Asthma is a heterogeneous disease characterized by chronic airway inflammation, and involves
a variety of cells and cellular components, which genetic and environmental factors play an important role
in the pathogenesis of asthma. It usually occurs in infancy, and epidemiological studies have shown that
maternal nutrition during pregnancy is related to the occurrence of asthma in childhood. Fatty acids (FA)
are carboxylic acids with different amounts of carbons. Based on the differences between saturated and
unsaturated hydrocarbon chains, it can be divided into three categories: saturated fatty acid (SFA, no double
bonds between them), monounsaturated fatty acid (MUFA, one double bond), and polyunsaturated fatty
acid (PUFA, multiple double bonds). Excessive intake of SFA is the main cause of elevated blood cholesterol,
triglyceride, and low-density lipoprotein cholesterol (LDL-C), which leads to arterial lumen stenosis and
atherosclerosis, and increases the risk of coronary heart disease. MUFA has hypoglycemic, lipid-lowering,
cholesterol-lowering, and antithrombotic effects. SFAs and MUFAs can increase airway inflammation and
promote the development of asthma. However, the correlation between maternal SFA and MUFA intake
and infant asthma risk has not been reported. The most widely studied PUFA are N-3 PUFA and N-6
PUFA, which mainly derived from vegetable oil, fish oil, and microorganism. As an important component
of membrane phospholipids, PUFA can play an immunomodulatory role by affecting the production of
eicosanoids, cell membrane fluidity, and gene expression. Maternal intake of PUFAs, especially N-3 PUFAs
during pregnancy, can reduce the risk of infant asthma by regulating Th1/Th2 cytokines and immune
responses, but a few studies are still controversial. Therefore, large-scale multicenter randomized controlled
clinical trials are still warranted to further verify the efficacy of N-3 PUFAs on asthma.
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Introduction hyperresponsiveness (1). Asthma is a common chronic
Asthma is a chronic airway inflammatory disease respiratory disease in children, and is listed as one of the
involving a variety of inflammatory cells and cytokines, four refractory diseases by the World Health Organization

and is characterized by airflow limitation and airway (WHO). According to the WHO, the incidence rate
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of childhood asthma is increasing year by year. By
2025, 100 million children worldwide will suffer from
asthma (2). In recent years, it has been recognized that
asthma is a heterogeneous disease, and genetic and
environmental factors take part in the pathogenesis of
asthma (3,4). Epidemiological studies have also shown
that maternal nutrition during pregnancy is related to the
occurrence of asthma during childhood (5-7). Numerous
studies have shown that fatty acids play an important role
in asthma. However, there is still a lack of systematic review
on maternal fatty acid supplementation on infant asthma
risk, and some of the conclusions are controversial.

Fatty acids are compounds composed of carbon,
hydrogen, and oxygen. As shown in Figure 1, based on the
differences between saturated and unsaturated hydrocarbon
chains, they can be divided into three categories: saturated
fatty acid (SFA, no double bonds between them),
monounsaturated fatty acid (MUFA, one double bond),
and polyunsaturated fatty acid (PUFA, multiple double
bonds) (8). SFAs generally include caprylic acid, decanoic
acid, lauric acid, myristic acid, palmitic acid, stearic acid,
and arachidonic acid (AA), amongst others. This type of
fatty acid is mainly found in the fat of cattle, sheep, pigs,
and other animals, and a few plants such as coconut oil,
cocoa oil, and palm oil. Excessive intake of SFA is the main
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cause of elevated blood cholesterol, triglycerides, and low-
density lipoprotein cholesterol (LDL-C), which leads to
arterial lumen stenosis and atherosclerosis, and increases
the risk of coronary heart disease (9,10). MUFAs, including
myristic acid, palmitoleic acid, oleic acid, and ricinoleic acid,
are mainly derived from animal and plant fats, and are more
important in human nutrition and physiology. Relevant
studies have shown that MUFAs have hypoglycemic, lipid-
lowering, cholesterol-lowering, and antithrombotic effects
(11,12). PUFAs are mainly derived from vegetable oil,
fish oil, and microorganisms. The most widely studied
PUFAs are N-3 PUFAs [mainly including linolenic acid,
docosahexaenoic acid (DHA), and eicosapentaenoic acid
(EPA)] and N-6 PUFAs (mainly including linoleic acid,
gamma-linolenic acid, and AA). Like vitamins and minerals,
they are essential to the human body, and a lack of them
can easily lead to disorders of vital organs such as the heart
and the brain (13,14). The accretion of PUFAs, especially
docosahexaenoic acid (DHA) in membranes of the central
nervous system is required for the optimum development
of retina and brain functions (15). The maternal intake
of n-3 PUFA during pregnancy and lactation is also
critical, since the n-3 PUFA are provided during perinatal
development through placental transfer and maternal
milk, which determines the DHA status of the newborn
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Figure 2 The developmental origins of health and disease theory.

and consequently influence on post-natal development of
brain and visual functions (16,17). In this review, we will
pay special attention to dietary fatty acids, and review the
impact of maternal fatty acid intake on childhood asthma, in
order to provide new ideas for the prevention of childhood
asthma. We present the following article in accordance with
the Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/apm-21-88).

The effects of maternal fatty acid supplementation
on infant asthma

Theoretical basis

Infant asthma is the result of the interactions between
genetic susceptibility and multiple environmental
factors (18). Although genetic susceptibility is considered
to be the main cause of infant asthma, the genetic
sequence is less likely to change significantly in a short
time. The incidence rate of infant asthma has increased
rapidly in recent years (19). Therefore, it is speculated
that the increased incidence of infant asthma is largely
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due to physical, chemical, biological, dietary, and other
environmental factors. Early life is a special period when
immune system development is at its peak. As the immune
system is not yet mature, it is vulnerable to the effects
of environmental conditions, thus inducing asthma (20).
Figure 2 shows the theory of ‘developmental origins
of health and disease (DOHaD)’, which holds that the
intrauterine and infant stages are the key window periods
for development, which will affect the occurrence of
diseases in adulthood (21,22). Dietary nutrition in early life
is considered to be an important influential environmental
factor. Malnutrition or imbalance may cause fetuses in
the sensitive period to adaptively adjust their metabolism
and the structure of tissues and organs, thus laying the
foundation for future diseases (23,24). For example,
compared to mothers with low vitamin D intake during
pregnancy, children of mothers with high vitamin D
intake had significantly lower asthma recurrence rates
in early childhood (5,25). In 1997, Black ez 4l. proposed
the hypothesis that the increase in asthma prevalence in
recent years was related to the changes in dietary fat intake,
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especially the increase in N-6 PUFAs and the decrease
in N-3 PUFAs (26). The levels of N-6 and N-3 PUFAs
in breast milk 3 months after delivery were positively
and negatively correlated with the incidence of asthma in
14-year-old children, respectively (27). The ratio of N-3 to
N-6 PUFAs in breast milk was also negatively correlated
with the occurrence of allergic persistent symptoms such as
asthma in children (28).

The mechanism of fatty acid regulation in infant asthma

Common infant allergic diseases include eczema, bronchial
asthma, allergic rhinitis, and conjunctivitis. In terms of the
molecular and cytological mechanisms of allergic diseases,
classical allergic reactions are mediated by IgE and T helper
cells (29,30). Airway tissues and cells of asthmatic patients
are mainly characterized by a large number of eosinophils
infiltrating and secreting IgE, therefore the levels of IgE
in most asthmatic patients are high (31). The functional
imbalance of T helper cell type 1 and 2 (Th1/Th2) subsets,
especially Th2 dominant responses, plays an important role
in eosinophil chemotaxis and activation and IgE secretion
by B lymphocytes (32,33).

Among the many dietary and nutritional factors,
PUFA intake in early life is an important factor for
asthma. It has been found that PUFAs, as important
components of membrane phospholipids, can play an
immunomodulatory role by affecting the production of
eicosanoids, cell membrane fluidity, and gene expression
(34-36). In particular, the n-3 PUFA (ALA, EPA, DHA)
may present anti-inflammatory capabilities by inhibition
of transcriptional factor NF-«xB and subsequent decrease
in proinflammatory cytokines production, thereby
preventing the development of asthma (37,38). N-6 PUFA
mainly refers to linoleic acid derived from vegetable oil,
which is a precursor of the pro-inflammatory substance
arachidonic acid (AA) (39). AA can promote the expression
of prostaglandin E2 (PGE2) and leukotriene B4 (LT'B4) (40).
Both PGE2 and LTB4 play important roles in anaphylaxis
by enhancing inflammation and IgE responses. In addition,
PGE2 can reduce the secretion of IL-2, thereby decreasing
the proportion of Th1/Th2 cytokines, and promoting
infant asthma and other allergic diseases (41,42). In
contrast, growing evidence has shown that N-3 PUFAs may
have anti-inflammatory properties and regulate immune
responses. They can strengthen or inhibit multiple links in
the classic Th1/Th2 allergic reaction process by changing
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cell membrane fluidity, cell signal transduction, and gene
transcription, thus affecting the occurrence of allergic
diseases (43). The protective mechanisms of N-3 PUFAs
have also been verified in clinical trials. Dunstan ez al.
found that supplementation with fish oil rich in N-3 PUFA
during pregnancy could increase the levels of EPA and
DHA, and decrease the secretion of the Th2 cytokine IL-
13 in neonates, thus reducing the activation of B cells in the
process of asthma (44). Prescott er 4/. studied the effects of
N-3 PUFA intervention during pregnancy on neutrophilic
granulocyte function in neonates and found reduced
secretion of LTB4 and the pro-inflammatory factor IL-6
in lipopolysaccharide-stimulated monocytes from neonates
in the intervention group, indicating that N-3 PUFA can
affect the development of the immune system in early
life (45). It has also been found in clinical studies, maternal
fish oil supplementation resulted in a remarkable increase
in n-3 PUFA levels in neonatal erythrocyte membranes.
Neonates whose mothers had fish oil supplementation
had meaningfully lower plasma IL-13 (44). Lee et al.
investigated the effect of the pregnancy supplementation
with 400 mg DHA per day from 18 to 22 weeks of
pregnancy and found no change in promoter methylation
levels in cord blood leucocytes for the genes analyzed.
However, an association between the promoter methylation
levels of interferon-gamma and IL-13 was adjusted by
n-3 PUFA supplementation in the maternal only smoking
group (46).

In addition to being immune regulatory, N-3 PUFA
intake have been related to microbial changes in both
human observational studies and murine intervention
models. Both early life bacterial composition and specific
bacterial genera in the neonatal airways have been associated
with increased disease risk later in life (47,48). Hjelmse et 4l.
found that maternal N-3 PUFA and vitamin D intake affect
the infant airways. Changes in overall beta multiplicity are
observed, which in turn associates with a change in immune
mediator profile. In addition, airway microbial maturation
and the relative abundance of specific bacterial genera are
altered (49).

During pregnancy and/or lactation, the maternal
consumption of n-3 and n-6 FA can also contribute to
brain development and may be refer to the determination
of body composition, affect the status of lipid tissues and
regulate metabolic pathways result in changes in the risk
for developing diseases in adults, such as obesity, diabetes,
cancer and cardiovascular or asthma (50-52).
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Clinical research

At present, N-3 PUFAs are the most widely studied PUFAs
in clinical practice. N-3 PUFAs, mainly including a-linolenic
acid (ALA) from green vegetables, and EPA and DHA from
fish fats, can modulate the risk of asthma (53). Romieu et 4.
evaluated the impact of fish consumption during pregnancy
on the incidence of asthma and found that children’s risk of
developing asthma by age 6 was decreased by 35.1% when
the fish intake of mothers increased from 1 to 2.5 times/
week during pregnancy, suggesting a protective effect of
fish intake during pregnancy on the risk of atopy-related
outcomes (54). In another randomized controlled trial,
mothers in the experimental group were given fish oil 2.7 g
N-3 PUFA/d) from the 30th week of pregnancy, while olive
oil was given to the control group. After 16 years of follow-
up, the asthma risk of the offspring in the experimental
group was 87% lower than that in the control group (55).
Bisgaard et al. found that high dose fish oil supplementation
in late pregnancy significantly reduced the risk of persistent
wheezing or asthma in offspring under 5 years of age, and
reduced their risk of lower respiratory tract infection by
approximately 7% (56). A randomized controlled study on
whether fish oil supplementation during pregnancy reduced
the risk of asthma in adult offspring starting in 1990 and
lasting for 24 years has shown that fish oil supplementation
during pregnancy may have the potential for long-
term asthma prevention in offspring (57). Dunstan ez 4/
demonstrated in an intervention study that supplementing
with N-3 PUFA in early pregnancy could reduce the risk
of childhood asthma (58). It is worth mentioning that
maintaining the balance between N-3 PUFAs and N-6
PUFAs is of great significance due to their different roles
in regulating immune and inflammatory responses. The
optimal ratio of N-6/N-3 PUFAs in the daily diet is 4/1
recommended by Japanese experts or 2.3/1 recommended
by American experts (59).

The dispute

Although many studies have shown that N-3 PUFA
supplementation during pregnancy can reduce the risk of
asthma in children, some studies have shown contrasting
results. According to the follow-up investigation of 121
mother-child groups across three regions, the types and
proportions of PUFA intake were different due to the
diverse product consumption patterns of pregnant women
in the three regions. However, it was found that PUFA in
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breast milk and umbilical cord blood was not associated with
the incidence of total allergic diseases (eczema, measles, and
asthma) in infants within 6 months. A prospective cohort
study conducted in the Netherlands showed that shellfish
consumption in the diet of mothers during pregnancy was
associated with a higher risk of wheezing and eczema in
children, the consumption of fatty fish was associated with a
higher risk of eczema, and the consumption of low-fat fish
was not associated with wheezing or eczema in children.

Summary

Numerous studies have shown that N-3 PUFA plays an
important role in asthma. The administration of N-3 PUFA
for adjuvant therapy of asthma and its potential for primary
asthma prevention are likely to be effective and feasible.
However, it is important to note that various factors, such
as inconsistency in the quality and purity of test samples
and the characteristics of the research subjects (such as age
and nationality), may affect the results of clinical studies.
Furthermore, the effects of the dose of N-3 PUFA and its
ratio to N-6 PUFA on asthma need to be further clarified.
Large-scale multicenter randomized controlled clinical
trials are still warranted to further verify the efficacy of N-3
PUFAs on asthma. Finally, current evidence also suggests
a protective effect of maternal intake of vitamin D, vitamin
E, zinc et al. against childhood asthma. Therefore, the
combined intake of multiple nutrients may play a more
important role in the prevention of neonatal asthma.
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