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N-3 fatty acid supplementation in asthma management: A
systematic review and meta-analysis

To the Editor,

Laboratory and epidemiological evidence suggests that n-3 fatty
acids, including eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), are beneficial in asthma prevention and possibly treat-
ment through their anti-inflammatory effect.! The mechanisms un-
derlying the anti-inflammatory actions of n-3 fatty acids include
activation of transcription factor peroxisome proliferator-activated
receptor vy, binding to the G protein-coupled receptor, altered cell
membrane phospholipid composition, inhibition of activation of the
pro-inflammatory transcription factor nuclear factor kappa B, and
inflammation resolving mediators called resolvins, protectins, and
maresins.> However, evidence from randomized controlled trials
remains inconsistent.® Therefore, we aimed to examine the summa-
rized effect of n—-3 fatty acids on asthma control and management.

We conducted a systematic review and meta-analysis including
randomized controlled trials on the effect of n-3 fatty acid supple-
mentation in patients with asthma on lung function, fractional ex-
haled nitric oxide (FeNO), symptom score, bronchodilator use, and
postexercise decline in forced expiratory volume in 1 s (FEV,) (see
Figure S1, Tables S1-54 for detailed information). The scales used to
evaluate symptoms varied across studies, but all of them reported
their symptom scores as a number, with higher scores indicating se-
verer asthma symptoms. In the subgroup analysis, participants aged
>18 years were classified as adults; intervention >3 weeks was con-
sidered long duration. High dosage was defined as >4 g since it was
the median number of dosages for all the included studies.

In the 16 trials included, four studies that compared n-3 fatty
acid supplementation with placebo found that the decline in FeNO
was more significant in the n-3 fatty acid group and decreased by
6.81 ppb (95% Cl -11.94 to -1.97, P < .01; I> = 23%) (Figure 1A). The
change in FeNO exhibited no clear evidence of a difference in the
subgroup analysis (Table 1). However, the effect of n-3 fatty acid
supplementation on the decrease of FeNO was significant in the
high-dosage group (-13.00, 95% CI -24.07 to -1.93), long-duration
group (-11.82, 95% Cl -18.80 to -4.83), and adult group (-5.82, 95%
Cl -11.10 to -0.54).

Four studies reported changes in FEV, decline after exercise.
The pooled standardized mean difference (SMD) was -0.78 (95% Cl

-1.28 to -0.28, P < .01; > = 47%; Figure 1B), showing protective
effect of n-3 fatty acids in FEV, after exercise. Although subgroup
analysis revealed no significant differences, the reduced decline
in FEV, after exercise was more obvious in the high-dosage group
(-0.99, 95% Cl -1.89 to -0.09) (Table 1).

Nine studies displayed results on FEV,, and no clear evidence of
the benefit or harm of n-3 fatty acids on FEV, measurements was
noted. The mean difference (MD) was 1.74% in predicted FEV, (95%
Cl -0.21 to 3.68, P = .08; I? = 0%; Figure 1C). The subgroup analy-
sis by dosage, duration, and age revealed no significant differences;
however, an increase in FEV, was observed in the low-dosage group
(MD = 2.13,95% Cl 0.03 to 4.23) (Table 1).

The effect of n-3 fatty acid supplementation on forced vital ca-
pacity (FVC), FEV,/FVC, peak expiratory flow, asthma symptoms, or
bronchodilator use remained inconclusive (Table 1).

Our most novel finding was the anti-airway inflammatory ef-
fect of n—-3 fatty acids. The expression of inducible nitric oxide (NO)
synthase can be increased by activating the NF-xB transcription
factor. The n-3 fatty acids, particularly EPA, inhibit NF-xB activity
directly, which may explain the observed fall in FeNO after n-3 fatty
acid supplementation.* Meijerink et al® reported that adipocytes
could rapidly and efficiently convert DHA to docosahexaenoyleth-
anolamine, suppressing both monocyte chemotactic protein-1 and
inducible NO synthase mRNA. Although the relationship of n-3
fatty acids and NO production in the airway is not yet fully estab-
lished, evidence strongly suggests that n-3 fatty acids may be ef-
fective in asthma treatment through NO inhibition, as indicated by
our finding of a significant reduction in FeNO after n-3 fatty acid
supplementation.

N-3 fatty acids seem to be an effective nonpharmacological
treatment for exercise-induced bronchoconstriction (EIB), which
may facilitate physical activity. In patients with asthma who expe-
rience EIB, cysteinyl leukotrienes (leukotriene C, D, and E4) and
prostaglandin D, are continuously released into the airways after
an exercise challenge, corresponding to acute bronchoconstriction
development.® Because EIB in asthma has an inflammatory basis,
it is reasonable that n—-3 fatty acid supplementation may reduce its
severity. A study showed that, compared with individuals receiving

© 2021 European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd.

Allergy. 2021;00:1-4.

wileyonlinelibrary.com/journal/all 1


www.wileyonlinelibrary.com/journal/all
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.15043&domain=pdf&date_stamp=2021-08-17

LETTER TO THE EDITOR

(A) N-3 fatty acids Placebo
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Mickleborough 2013 (0.4) 10 15.30 10.70 10 25.20 19.10 —-I——f—— -9.90 [-23.47; 3.67] 12.7%
Moreira 2007 (1.56) 11 240 878 9 460 648 i -2.20 [-8.90; 4.50] 52.1%
Papamichael 2018 (0.43-0.86) 31 -3.84 20.93 33 8.09 27.92 —&% -11.93 [-23.97; 0.11] 16.1%
Williams 2017 (6.2) 8 -13.00 12.00 8 0.00 10.54 ———=—— -13.00 [-24.07;-1.93] 19.1%
Fixed effect model 60 60 -6.81 [-11.64; -1.97] 100.0%
Heterogeneity: /2 = 23%, 12 = 8.5716, p = 0.27 I ' ! !

20 -10 O 10 20
(B) N-3 fatty acids Placebo Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Head 2013 (4.0) 9 17.27 22.47 9 17.20 22.38 ﬂ:—jt— 0.00 [-0.92; 0.93] 29.8%
Mickleborough 2006 (5.2) 8 810 5.12 8 21.30 10.65 ——+—— -1.49 [-2.64;-0.35] 19.3%
Mickleborough 2013 (0.4) 10 840 3.20 10 22.50 13.70 —.’E—f— -1.36 [-2.35;-0.36] 25.7%
Williams 2017 (6.2) 8 20.00 15.00 8 30.00 18.00 — -0.57 [-1.58; 0.44] 25.1%
Fixed effect model 35 35 -0.78 [-1.28; -0.28] 100.0%
Heterogeneity: 12 = 47%, 1* = 0.2409, p=0.13 I ' ' !

2 -1 0 1 2
©) N-3 fatty acids Placebo
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Brannan 2015 (6.0) 23 84.50 1320 23 84.20 11.20 e 0.30 [-6.77; 7.37] 7.6%
Head 2013 (4.0) 9 103.01 4.04 9 101.00 4.14 —T 2.01 [-1.77; 5.79] 26.5%
Mickleborough 2006 (5.2) 8 87.70 6.88 8 89.40 843 = -1.70 [-9.24; 584] 6.7%
Mickleborough 2013 (0.4) 10 93.80 790 10 9220 6.50 —L— 1.60 [-4.74; 7.94] 0.4%
Emelyanov 2002 (0.2) 23 -0.02 1387 23 -1.79 21.10 4 1.77 [-8.50; 12.04] 3.6%
Hodge 1998 (1.2) 20 260 947 19 -260 8.77 —i—-j-— 5.20 [-0.53; 10.93] 11.5%
Lang 2019 (4.0) 68 0551425 17 1.13 1274 4911—‘— -0.58 [-7.52; 6.36] 7.9%
Moreira 2007 (1.56) 11 4.00 11.46 9 3.70 11.38 : 0.30 [-9.76; 10.36] 3.7%
Papamichael 2018 (0.43-0.86) 31 284 854 33 061 790 —_ 223 [-1.81; 6.27] 23.2%
Fixed effect model 203 151 1.74 [-0.21; 3.68] 100.0%
Heterogeneity: 12 = 0%, 1= 0, p = 0.94 I I !

10 -5 0 5 10

FIGURE 1 Summarized differences of FeNO (A), the exercise challenge test (B), and FEV, (C) under N-3 Fatty Acid Supplementation. The
dose (g/d) used in each study was presented in the bracket after the study name. Definition of abbreviation: Cl, confidence interval; MD,
mean difference; SD, standard deviation; SMD, standardized mean difference

placebo supplements, those receiving n-3 fatty acid supplements
exhibited significant decreases in sputum differential cell count per-
centage and concentrations of cysteinyl leukotrienes, prostaglandin
D,, interleukin-1p, and tumor necrosis factor-a before and after ex-
ercise.” Therefore, we suggest that n-3 fatty acid supplementation
represents a potentially beneficial nonpharmacologic intervention in
patients with asthma with EIB.

Our study had some limitations. In the analysis, the effect of
fatty acid supplementation on symptom scores was borderline.
The result was possibly affected by the small size of the studies,
and the different dosage, duration, and the questionnaire used in
the studies. More large-scale studies using the same questionnaire
were needed to confirm the effect of n-3 fatty acid on symptom
score. As pointed out by Venter et al, the effect of n-3 fatty acid
on asthma is influenced by a wide range of genetic polymorphisms.

Although our research showed that n-3 fatty acid has no significant
protective effect other than feno and EIB, future studies including
genetic analyses may better define the effect of n-3 fatty acid on
asthma.?

N-3 fatty acid supplementation may provide a protective ef-
fect on FeNO and a decrease in postexercise FEV, decline. We
found that high-dose supplementation (4000 mg/d) for 3 weeks
leads to reduced FeNO production and exercise-induced bron-
choconstriction. The amount of omega-3 fatty supplementation
that seemed to have a beneficial effect was higher than current
EU recommendations (250mg/d) regarding EPA and DHA intake
in this age group (>2 years). Therefore, high-dose supplementa-
tion for over 3 weeks was suggested for patients with asthma,
particularly those with elevated FeNO and exercise-induced
bronchoconstriction.
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ONLINE SUPPLEMENT APPENDIX
N-3 Fatty Acid Supplementation in Asthma Management: A Systematic Review and Meta-analysis
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Figure S1. Studies selection flowchart

Studies identified through . o .
Web of Science q database searching & Additional studies identified
n=29 " (n=847) through other sources(n=4)

Pubmed A y

nFll5 Studies after duplicates removed

] (n=506)

CENTRAL Y
n=147 - ] -
Examined studies by title and Studies excluded based on title
abfnact > &abstract

Embase (n=506) (n=461)

n=419

A
i 1
Candidate studies assessed for Studl;sl:e;(;)uded
CIIII\Z;)HL eligibility(n=45) [rrelevant intervention (n=11)
INo available data(n=12)
A 4 Meeting abstract(n=1)

Medline Studies included i ita Only method of a trial (n=1)

n=98 tudies included in qualitative INot randomised controlled

synthesis(n=16) trial(n=2)
INot asthma patients(n=1)
y Retracted paper(n=1)
Studies included in quantitative
synthesis (meta-analysis)(n=16)

We conducted a literature search of publications up to May 2021 using the following databases: CENTRAL, CINAHL (EBSCO),
PubMed, Web of Science, MEDLINE, and EMBASE. The literature search identified 840 potential RCTs, and 4 additional
citations were retrieved by manual checking of reference lists. After removing duplicates, two reviewers independently screened
the 503 eligible papers by scanning titles and abstracts. Of them, 458 were excluded and 29 were considered to be inappropriate,

leaving 16 relevant trials, which were analyzed.

TABLE S1. Baseline characteristics of the included studies

Study, Design Country Mean Males, 'N-3 ‘Control, N-3 "Duration, Control oil
authors, year [SD] % fatty n fatty weeks
age, acids, acids,
years n g/day
Arm et al, 1988 Parallel United 254 [—] 50 12 8 5.4 10 Olive oil
Kingdom
Arm et al, 1989 Parallel United 26 [—] 41 9 8 5.4 10 Olive oil
Kingdom
Brannan et al, Crossover Canada 28 61 23 23 6 3 Omega-6+omega-9
2015 [8.86] oil

Emelyanov et al, Parallel United 39.1 26 23 23 0.2 8 Olive oil



2002 Kingdom  [3.26]

Hodge et al, 1998  Parallel Australia 10.26 41 20 19 1.2 24 Omega-6 oil+olive
[0.72] oil

Head et al, 2013 Crossover  United 22.36 67 9 9 4 3 Corn and soy oil
States [1.31]

Lang et al, 2019 Parallel United 14.6 48 77 21 4 24 Soy oil
States [2.2]

McDonald et al, Crossover  Australia — NA 15 15 4.5 10 Olive oil

1990

Mickleborough et  Crossover  United 23[1.6] 63 8 8 5.2 3 Olive oil

al, 2006 States

Mickleborough et  Crossover  United 22.6 60 20 20 0.4 3 Olive oil

al, 2013 States [2.1]

Moreira et al, Parallel Portugal 37.85 0 11 9 1.56 2 Amide

2007 [—]

Nagakura et al, Parallel Japan 11.02 52 11 12 0.72— 40 Olive oil

2000 [3.98] 1.44

Papamichael et al,  Parallel Australia 7.99 52 31 33 *0.43— 24 Normal diet

2018 [2.24] 0.86

Stenius-Aarniala Crossover  Finland 40 [—] 34 29 29 32 10 Olive oil

etal, 1989

Thien et al, 1993 Parallel United b— 52 15 10 5.4 24 Olive oil
Kingdom

Williams et al, Crossover  United 27.5 100 8 8 6.2 3 medium chain

2017 Kingdom [8.32] triacylglycerols

1In the crossover-design trials, half of the patients start with n-3 fatty acids, and the other half start with placebo.
Duration of either n-3 fatty acids or placebo for crossover trials.

* Age range 28-72 years old

" Age range 19-42 years old

*Intake from fatty fish

Of the 16 trials, 7 were crossover-design trials,” and 9 were parallel-design trials(Table 1).*'® The median study size was 21.5
participants; in total, this meta-analysis included 464 individuals treated with n-3 fatty acids or placebo for 7766 person-weeks.
The mean ages of the study populations ranged from 8 to 40 years. Of the intervention groups, three included exercise-induced
bronchoconstriction (EIB) with asthma >*° and one comprised obese individuals with asthma.” The median n-3 fatty acid dosage
was 4 (range, 0.2-6.2) g/day, and the median treatment duration was 10 (range, 2—40) weeks. A study using the Mediterranean diet
was also included in the analysis because the main difference between the intervention and control group was the consumption of

fatty fish. Table S1 and S2 describe the detailed characteristics and quality assessment of included studies, respectively.

TABLE S2. Quality assessment of the included studies using the revised Cochrane risk-of-bias tool for randomized trials

© =
£ 2
=
N T -
S g ! 2 &
Bt - R
2 = = < o H
= =g £ £ 2 =
£ EE S 5 2 g
Study ID Experimental Comparator E § E ‘é ; 2 g
2 25 o S s S
S S5 £ £ °
- w»
[ [ E 5] S
=] S =
= 3
Arm 1988 N-3 fatty acids Placebo O
Arm 1989 N-3 fatty acids Placebo O
Brannan 2015 N-3 fatty acids Placebo O
Emelynov 2002 N-3 fatty acids Placebo ©
Head 2013 N-3 fatty acids Placebo O
Hodge 1998 N-3 fatty acids Placebo O



Lang 2019 N-3 fatty acids Placebo O
Mickleborough 2006 N-3 fatty acids Placebo O
Mickleborough 2013 N-3 fatty acids Placebo O
Moreira 2007 N-3 fatty acids Placebo O
Nagakura 2000 N-3 fatty acids Placebo O
Papamichael 2018 N-3 fatty acids Placebo O
Stenius-Aarniala 1989 N-3 fatty acids Placebo [ ) ]
Thien 1993 N-3 fatty acids Placebo O
Williams 2017 N-3 fatty acids Placebo O
Legend: Low risk

Some concerns
() High risk

McDonald et al was not include in the quality assessment due to lack of enough information

TABLE S3. Analysis of publication bias using the Egger’s test

Outcome Intercept SE slope t Test df P value
FEV, (%) 3.83 0.61 -0.74 -1.22 7 0.26
FVC (%) 1.29 0.87 —-0.02 —-0.02 3 0.98
FEV/FVC 0.02 0.22 -0.42 -1.89 1 0.31
PEF (L) 27.78 5.88 0.90 0.15 4 0.89
PEF (%) -1.32 0.23 —-0.02 -0.09 1 0.95
FeNO (ppb) 8.06 1.02 -3.14 -3.09 2 0.09
Symptom score 1.14 1.67 —4.07 —2.44 8 0.04
Bronchodilator use -1.05 4.38 -0.58 -0.17 4 0.90
Exercise challenge test 5.52 6.93 —12.27 -1.77 2 0.22

Abbreviations: SE = standard error; %pred, %predicted; FEV, = forced expiratory volume in 1 s; FVC = forced vital capacity; FEV\/FVC, ratio
of forced expiratory volume in 1 s to forced vital capacity; PEF = peak expiratory flow; FeNO = fraction of exhaled nitric oxide

High heterogeneity was observed between the studies reporting symptom score. Clear differences were noted in studies by
Nagakura et al and Mickleborough et al, which favored n-3 fatty acids. Publication bias assessed using Egger’s test revealed

potential publication bias. Therefore, the trim and fill analysis was performed, which revealed similar findings."”

TABLE S4. Meta-regression analysis on potentially confounding factors in included studies on obesity categories and pulmonary function

QOutcome Confounding factors Estimate +SE P value
FEV, (%pred) Dosage (g) —0.48 0.51 0.35
Duration (week) 0.07 0.10 0.49
Latitude (°) —0.03 0.03 0.30
Age (years) —0.09 0.11 0.45
Publication (year) —0.11 0.15 0.46
Males (%) 0.03 0.05 0.62
Sample size (n) 0.00 0.04 1.00
FVC (%pred) Dosage (g) 0.09 0.13 0.47
Duration (week) —-0.78 0.68 0.25
Latitude (°) —0.03 0.03 0.46
Age (years) —-0.10 0.17 0.56
Publication (year) 0.23 0.35 0.51
Males (%) —-0.01 0.07 0.94
Sample size (n) 0.05 0.05 0.37
FEV//FVC (%) Dosage (g) 0.05 0.34 0.89
Duration (week) 0.14 0.22 0.53
Latitude (°) 0.00 0.02 0.85

Age (years) —-0.00 0.17 0.99




Publication (year) 0.22 0.34 0.51

Males (%) 0.06 0.11 0.61
Sample size (n) 0.01 0.03 0.61
PEF (L) Dosage (g) -9.77 8.89 0.27
Duration (week) -1.64 3.44 0.63
Latitude (°) 0.25 0.47 0.59
Age (years) 0.58 1.42 0.68
Publication (year) 4.14 3.02 0.17
Males (%) —1.08 0.83 0.19
Sample size (n) —0.05 0.67 0.94
PEF (%pred) Dosage (g) 0.03 0.21 0.90
Duration (week) 0.09 1.36 0.95
Latitude (°) —0.00 0.06 0.96
Age (years) —-0.00 0.24 0.98
Publication (year) —-0.01 0.17 0.97
Males (%) —-0.07 0.53 0.90
Sample size (n) 0.01 0.13 0.92
FeNO (ppb) Dosage (g) —0.87 1.50 0.56
Duration (week) —-0.26 0.37 0.47
Latitude (°) 0.04 0.10 0.66
Age (years) 0.36 0.23 0.11
Publication (year) —-0.99 0.51 0.05
Males (%) —-0.12 0.06 0.06
Sample size (n) —-0.09 0.18 0.62
Symptom score Dosage (g) 0.29 0.15 0.05
Duration (week) —-0.02 0.03 0.41
Latitude (°) —-0.01 0.01 0.40
Age (years) 0.02 0.02 0.37
Publication (year) -0.03 0.02 0.25
Males (%) —-0.01 0.01 0.59
Sample size (n) 0.01 0.01 0.36
Bronchodilator use (dosages/puffs per day) Dosage (g) 0.85 0.41 0.04
Duration (week) 0.17 0.14 0.20
Latitude (°) 0.33 0.16 0.03
Age (years) 0.11 0.17 0.55
Publication (year) -0.27 0.07 <0.01
Males (%) —0.04 0.06 0.56
Sample size (n) —-0.00 0.09 0.97
Exercise challenge test Dosage (g) 0.09 0.19 0.62
Latitude (°) 0.02 0.07 0.73
Age (years) 0.05 0.22 0.83
Publication (year) 0.09 0.10 0.36
Males (%) 0.01 0.01 0.29
Sample size (n) -0.04 0.08 0.66

Abbreviations: SE = standard error; %pred, %predicted; FEV,= forced expiratory volume in 1 s; FVC = forced vital capacity; FEV/FVC, ratio
of forced expiratory volume in 1 s to forced vital capacity; PEF = peak expiratory flow; FeNO = fraction of exhaled nitric oxide

Meta-regression revealed relationships between the bronchodilator use and n-3 fatty acid dosage, publication year, and latitude.
Significant heterogeneity was found between the studies reporting bronchodilator use. This was attributable to the study of
Mickleborough et al (2013), which indicated an obvious reduction in medication use, in contrast to the other studies. After
excluding the study of Mickleborough et al (2013), the heterogeneity decreased, and the meta-regression indicated that the

significance only existed in duration of n-3 fatty acid supplementation. Because the types of bronchodilator vary with age, the



effect of n-3 fatty acid supplementation on bronchodilator use may be related to the year the studies published.
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