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Effect of Omega-3 Polyunsaturated Fatty Acids Intake on 
Eosinophil Airway Inflammation in University Athletes

Tomoko Imaia, d, Yutaro Takadab, Koichi Watanabec

Abstract

Background: Though athletes have a high risk of respiratory disor-
ders, effective prevention has not yet to be identified. Omega-3 (n-3) 
polyunsaturated fatty acids (PUFA) have some practical anti-inflam-
matory effects in allergy, and therefore may reduce airway inflamma-
tion in athletes. This study aimed to assess whether n-3 PUFA intake 
affects airway inflammation in university athletes.

Methods: Twenty-three males were divided into three groups: 1) the 
eosinophilic airway inflammation group (I_PUFA group; fractional 
exhaled nitric oxide (FeNO ≥ 25 ppb, n = 10); 2) the non-eosinophilic 
airway inflammation group (N_PUFA group; FeNO < 25 ppb, ex-
haled carbon dioxide (eCO) ≥ 3.6 ppm, n = 5); and 3) the control 
group (FeNO < 25 ppb, eCO < 3.6 ppm, n = 8). Participants took 
supplements containing 260 mg of docosapentaenoic acid and 600 
mg of eicosapentaenoic acid (EPA) daily for 3 weeks. Baseline meas-
urements of FeNO, respiratory impedance, respiratory function, di-
etary intake (food frequency questionnaires), and blood tests were 
performed. FeNO and respiratory impedance were measured weekly, 
and the rest were measured after 3 weeks.

Results: There was a significant decrease in FeNO levels from baseline 
at 2 and 3 weeks in the I_PUFA group (54.7 ± 8.5 ppb vs. 45.1 ± 9.1 and 
45.4 ± 7.7 ppb; mean ± standard error (SE), P < 0.05). After 3 weeks, 
FeNO levels remained unchanged in the N_PUFA and control groups, 
and respiratory impedance and function remained unchanged in all 
groups. Blood EPA levels significantly increased in the I_PUFA and N_
PUFA groups (I_PUFA, 27.7 ± 16.9 vs. 52.1 ± 12.3 µg/mL; N_PUFA, 
20.8 ± 8.7 vs. 70.4 ± 36.1 µg/mL; mean ± standard deviation (SD), P 
< 0.05). No changes were observed in dietary intake over the 3 weeks.

Conclusions: n-3 PUFA supplementation for 3 weeks reduced airway 

inflammation in athletes with FeNO levels ≥ 25 ppb.

Keywords: Polyunsaturated fatty acids; Airway inflammation; Ath-
letes

Introduction

Athletes have a high risk of respiratory disorders [1, 2] because 
a high ventilation volume during exercise damages the airway 
endothelial cells by mechanical stress and dehydration of the 
surface area [3, 4]. However, athletes need to regularly par-
ticipate in high-intensity training to improve their daily perfor-
mance. Therefore, their airway endothelial cells may not have 
time to sufficiently recover before the following training ses-
sion, putting them at risk of developing airway inflammation 
[4, 5]. Chronic mechanical stress on the airway can result in 
worse damage and lead to exercise-induced asthma and bron-
chial hyperresponsiveness [4, 6]. However, to date, there is no 
clear evidence regarding strategies to improve and prevent res-
piratory disorders in athletes.

Omega-3 (n-3) polyunsaturated fatty acids (PUFA), eico-
satetraenoic acid (EPA), and docosahexaenoic acid (DHA) in 
fish oil have anti-inflammatory and protective effects against 
inflammatory diseases [7-9]. Mickleborough et al showed 
that intake of n-3 PUFA for 3 weeks improved postexercise 
pulmonary function and significantly suppressed the proin-
flammatory eicosanoid and cytokine levels in elite athletes 
with exercise-induced bronchoconstriction (EIB) [9] and asth-
ma [10]. Regular intake of n-3 PUFA increases anti-oxidate 
function by inhibiting the arachidonic acid (AA) cascade of 
omega-6 derived from pre-inflammation, such as NF-κB and 
inflammatory cytokines [11, 12]. It has also been shown to im-
prove physical function and prevent infection in athletes, and 
increase muscle protein synthesis, muscle strength, and neu-
romuscular function [12-14]. Moreover, n-3 PUFA intake im-
proves cardiovascular function response during exercise [15, 
16], and may increase the potential protective role of various 
biological defenses and support the improvement of physical 
function in athletes [13-17].

However, the effect of n-3 PUFA intake on airway inflam-
mation in athletes has not been sufficiently investigated. An 
intake of fish oil could inhibit airway inflammation in athletes, 
thus playing a role in preventing the development of EIB. Fur-
thermore, athletes’ respiratory disorders are affected by sports 
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type, environment, and individual factors [2, 18]; hence, it may 
be necessary to verify the effectiveness of n-3 PUFA supple-
ments in preventing the effects of airway inflammation in ath-
letes.

Therefore, we examined whether n-3 PUFA supplement 
intake inhibits airway inflammation response in American 
football players. To assess airway inflammation, we measured 
fractional exhaled nitric oxide (FeNO), FeNO ≥ 25 ppb is de-
fined an eosinophilic acid marker [19], and exhaled carbon 
dioxide (eCO). While FeNO is a major indicator of airway in-
flammation, eCO has also been reported as an index of airway 
diseases such as asthma; therefore, we used a combination of 
both measures for a robust assessment [20]. In addition, we 
used oscillation as a non-load method, and respiratory imped-
ance and oscillation methods to assess whole respiratory func-
tion with non-effort dependent for a short time [21]. These 
assessment methods are not stressful for the athlete and can 
measure the whole respiratory impedance. Thus, this study 
aimed to assess, using FeNO whether intake of n-3 PUFA sup-
plements affects eosinophil airway inflammation in university 
athletes.

Materials and Methods

Participants

This study enrolled 24 male university American football play-
ers who competed at a national level and trained 6 days a week 
(mean age, height, and weight: 20 ± 1.6 years, 172.8 ± 5.7 cm, 
and 79 ± 0.5 kg, respectively). One participant had a history 
of asthma. All participants were non-smokers and not taking 
medications. All participants took protein supplements.

This study was conducted following the principles out-
lined in the Declaration of Helsinki. It was approved by the 
Ethics Committee of Research and Aichi Institute of Technol-
ogy (approval number 2017-1). All participants provided writ-
ten informed consent before participating in the study.

n-3 PUFA supplements

Participants were given a commercially available drink-type 
supplement containing fish oil (Nissui imark S, Nissui Inc., 
Japan). The supplement contained 860 mg of n-3 PUFA, of 
which 260 mg was DHA and 600 mg was EPA. Participants 
were instructed to take one bottle daily (according to the dos-
age recommended by the manufacturer) for 3 weeks. In ad-
dition, the participants were instructed not to change their 
diet over the 3 weeks and were followed up weekly regarding 
whether they were consuming the daily supplements.

Experimental protocol

Participants’ physical characteristics, FeNO and eCO levels, 
respiratory impedance, and bloods were measured four times 
in the measurement room. Respiratory function and dietary 

habits (via food frequency questionnaires (FFQ)) were as-
sessed on the first and fourth visit. Blood samples were col-
lected after respiratory measurements on the same day. Partici-
pants fasted from 9 pm on the day prior to measurement and 
refrained from high-intensity exercise, alcohol, and caffeine. 
On the measurement day, participants were allowed to con-
sume water only. We conducted questionnaires using Goog-
le forms (free software) to obtain medical history regarding 
asthma and medication intake, including supplement intake. 
Measurements were taken between 6 am and 8 am. Respira-
tory function was assessed after measuring FeNO, eCO, and 
respiratory impedance.

After obtaining baseline measurements, the participants 
were divided into two groups as follows: the eosinophilic air-
way inflammation group (I_PUFA group; FeNO ≥ 25 ppb, n 
= 10) and the non-eosinophil airway inflammation group (N_
PUFA group; FeNO < 25 ppb, n = 13). In addition, a third con-
trol group (no PUFA intake group; n = 8) was established from 
the N_PUFA group. Participants for the control group were se-
lected based on eCO levels of < 3.6 ppm, which have been indi-
cated as healthy levels by previous studies [22]. Increased eCO 
levels have been reported in some respiratory disorders [23].

n-3 PUFA supplements were distributed once a week on 
measuring day. We confirmed via a record sheet whether or 
not participants took the supplement every day during their 
weekly visits to the measurement room.

Physical characteristics, nitric oxide, spirometry, and res-
piratory impedance

Body weight was measured using health meters (UC411PBT-C, 
A&D Co. Ltd, Tokyo, Japan). FeNO was measured using a port-
able NIOX Vero (Aerocrine AB, Stockholm, Sweden), accord-
ing to European Respiratory Society and American Thoracic 
Society recommendations, and eCO was measured using a port-
able CARBOLYZER II (Taiyo Inc. Osaka, Japan). FeNO and 
eCO levels were assessed before spirometry and respiratory im-
pedance, as per established guidelines. Pulmonary function was 
determined using HI-801 spirometry (Chest M.I., Tokyo, Japan). 
We performed the standard measures of pulmonary function, in-
cluding forced vital capacity (FVC), forced expiratory volume 
in the first second (FEV1), and peak expiratory flow (PEF) at 
baseline and 3 weeks. The predicted value and forced expiratory 
volume in 1 s for a Japanese population were calculated using 
the formula proposed by the Japanese Respiratory Society. All 
tests were performed according to the methods described in the 
Japanese Respiratory Society guidelines.

Respiratory impedance was assessed via forced oscillation 
technique (FOT) using the Most Graph-01 (Chest M.I., Tokyo, 
Japan). Participants sat in a neutral position and measurements 
were taken while using a nose clip. The parameters used were 
resistance at 5 Hz (R5), resistance at 20 Hz (R20), reactance at 
5 Hz (X5), and resonant frequency (Fres), where the reactance 
crossed zero and the elastic and inertial forces were equal in 
magnitude and opposite in direction. In addition, mouth pres-
sure and flow signals were measured and used to calculate res-
piratory impedance via computer algorithms [24].
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Short version semi-quantitative FFQ

We used the short version semi-quantitative FFQ to assess the 
participants’ dietary habits. The short version of the FFQ is 
composed of 94 food types classified into 12 categories. Par-
ticipants completed the FFQ twice, at baseline and 3 weeks. 
The food consumed was calculated according to the amount 
consumed daily, weekly, or monthly. The total energy, lipid, 
protein, and carbohydrate intakes at baseline and 3 weeks were 
compared. FFQ data were analyzed using Education Software 
Co., Ltd (Tokyo, Japan).

Statistical analyses

Data were expressed as mean ± standard deviation (SD) or 
mean ± standard error (SE). Variances across the groups at 
different time points were evaluated using analysis of vari-
ance for repeated measurements. In addition, a post hoc test 
(Fisher’s least significant difference (LSD) test) was used to 
determine specific significant differences between groups at 
different time points, when a significant F value was observed. 
Statistical significance was set a priori at P < 0.05. Statistical 
analyses were performed using STATISTICA version 10.

Results

The data of one participant were excluded from the analysis 
due to incomplete measurements. The physical characteristics 
of the three groups at baseline and the pulmonary function test 
data are shown in Table 1. Pulmonary function was not signifi-
cantly changed.

Figure 1 shows the changes in FeNO over the 3 weeks. 
FeNO were significantly higher in the I_PUFA group than in the 
N_PUFA and control groups at baseline. FeNO in the I_PUFA 
group at 2 and 3 weeks were significantly decreased compared 
with that at baseline and 1 week. FeNO in the N_PUFA and 
control groups did not change over the 3 weeks. Blood eosino-

phil did not significantly differ between the groups for 3 weeks 
(Table 2). eCO were significantly decreased at 2 and 3 weeks 
in the I_PUFA and N_PUFA groups while they remained un-
changed in the control group.

Table 3 shows respiratory impedance measurements for 
the three groups. Respiratory impedance could not be assessed 
in two participants from the N_PUFA group. FOT was assessed 
in the I_PUFA and control groups. No significant differences 
were observed in resistance and impedance measurements be-
tween the I_PUFA and control groups.

Table 4 shows the FFQ results. Total energy, lipid, pro-
tein, and carbohydrate intake levels did not change over the 
3 weeks. Blood n-3 PUFA measurements showed significant 
increases in EPA and EPA/AA levels in the I_PUFA and N_
PUFA groups after 3 weeks but no changes were observed in 
the control group (Table 5).

Discussion

In this study, we investigated the effect of taking n-3 PUFA 
supplements on airway inflammation in university athletes. 
Daily n-3 PUFA intake for 3 weeks significantly decreased 
FeNO levels in the I_PUFA group but not in the N-PUFA 
group, which indicates that n-3 PUFA intake may be effec-
tive in athletes with existing eosinophil airway inflammation. 
In addition, eCO levels significantly decreased in both the I_
PUFA and N_PUFA groups after 2 weeks. In contrast, respira-
tory impedance and resistance did not change in the I_PUFA 
and control groups, and blood eosinophils did not change over 
the 3 weeks.

The inspiration of cool and/or dry air and high ventila-
tion rates during exercise can dehydrate the airway surface [6]. 
This transient dehydration causes an increase in airway liquid 
osmolarity. As a result, the surface of airway cells leaks out, 
activating histamine, neuro peptides, and arachidonic acid me-
tabolites, such as cysteinyl-leukotrienes and prostaglandins [3, 
4]. These eicosanoids cause bronchial smooth muscle contrac-
tion and subsequent airway obstruction [3]. Previous studies 
reported that n-3 PUFA might reduce the generation of inflam-

Table 1.  Respiratory Function at Baseline and After 3 Weeks

I_PUFA (n = 10) N_PUFA (n = 5) Control (n = 8)
Baseline 3 weeks Baseline 3 weeks Baseline 3 weeks

Age (years) 21.0 ± 1.4 20.0 ± 2.1 20.0 ± 1.7
Weight (kg) 82.5 ± 15.2 79.9 ± 13.8 74.4 ± 13.0
FVC (L) 4.4 ± 0.7 4.6 ± 0.6 4.4 ± 0.8 4.7 ± 0.7 4.0 ± 0.7 4.6 ± 0.4
FVC (% predicted) 98.7 ± 16.0 104.5 ± 11.2 101.1 ± 15.4 106.7 ± 13.1 92.7 ± 16.5 105.7 ± 8.9
FEV1 (L) 3.9 ± 0.8 4.0 ± 0.7 3.9 ± 0.6 4.1 ± 0.5 3.4 ± 0.6 3.9 ± 0.4
FEV1 (% predicted) 89.8 ± 17.2 93.9 ± 14.6 90.8 ± 11.3 95.1 ± 8.2 81.1 ± 14.1 92.3 ± 6.9
FEV1/FVC (%) 89.0 ± 8.6 86.1 ± 7.5 88.0 ± 6.0 87.5 ± 5.8 85.1 ± 6.3 84.7 ± 2.6
PEF (L/s) 9.4 ± 2.1 9.9 ± 1.6 8.5 ± 2.1 9.0 ± 1.6 7.2 ± 2.0 8.6 ± 1.0

Data are presented as mean ± SD. PUFA: polyunsaturated fatty acid; I_PUFA: intake of PUFA and FeNO ≥ 25 ppb; N_PUFA: intake of PUFA and 
FENO < 25 ppb and eCO ≥ 3.6 ppm; FeNO: fractional exhaled nitric oxide; eCO: exhaled carbon dioxide; FVC: forced vital capacity; FEV1: forced 
expiratory volume in the first second; PEF: peak expiratory flow; SD: standard deviation.
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matory leukotrienes and prostaglandins [25, 26]. Therefore, 
n-3 PUFA may interfere with early inflammatory signal trans-
duction processes [27]. In this study, FeNO levels, an index 
of eosinophil airway inflammation, significantly decreased in 
the I_PUFA group after 2 weeks of n-3 PUFA intake. However, 
respiratory function and respiratory impedance did not change 
in all groups, suggesting that the effectiveness of n-3 PUFA 
might be limited. However, this absence of change in airway 

state may still have significant meaning for athletes because 
they are exposed to various stresses and respiratory risk factors 
from training. Therefore, the prevention of respiratory function 
impairment is necessary in athletes who train almost daily, and 
n-3 PUFA may play a role by preventing airway inflammation.

Mickleborough et al showed that the greater the EPA 
content of a fish oil formulation, the greater the eicosanoid 
and cytokine reduction in elite athletes and patients with 
asthma [9, 10]. FeNO is synthesized from L-arginine by in-
ducible nitric oxide synthase (iNOS) enzymes, in response to 
inflammatory cytokines. In addition, the expression of iNOS 
is controlled by mast cells, eosinophils, and the expression 
of iNOS is enhanced via STAT-6 from interleukin (IL)-4/13 
[28]. On the other hand, sufficient intake of n-3 PUFA may 
inhibit the production of inflammatory cytokines and iNOS 
activity. Therefore, although blood eosinophil levels may not 
change, FeNO levels may be decreased through the inhibi-
tion of iNOS production [29]. However, no change in blood 
eosinophil may also indicate that FeNO levels increase again 
when n-3 PUFA intake is stopped. Thus, to reduce eosinophil 
levels, long-term n-3 PUFA intake or dietary modification 
would be necessary.

Eosinophils have been recently reported to not only in-
duce the proinflammatory response but also play a role in the 
pro-resolving response [30]. Sawane et al suggested that eosin-
ophil functions are determined by the surrounding lipid envi-
ronment in mice [31]. In addition, an increase in EPA and DHA 
levels have been shown to decrease the production of inflam-

Table 2.  Changes in eCO and Blood Eosinophils Levels Over 
3 Weeks

Baseline 1 week 2 weeks 3 weeks
CO (ppm)
  I_PUFA 3.7 ± 0.7 3.5 ± 1.4 2.8 ± 0.5a 2.4 ± 0.5a

  N_PUFA 4.7 ± 0.9 3.7 ± 0.9 2.9 ± 0.4a 2.4 ± 0.6a

  Control 2.9 ± 0.4b 2.7 ± 0.5 2.3 ± 0.3 2.5 ± 0.6
Eosinophilic (%)
  I_PUFA 5.7 ± 1.7 5.9 ± 1.9 4.8 ± 1.0 5.4 ± 2.0
  N_PUFA 2.9 ± 1.5 2.8 ± 1.1 2.7 ± 1.8 3.1 ± 1.3
  Control 1.8 ± 0.5 2.2 ± 0.5 2.3 ± 1.0 2.0 ± 0.6

Data are presented as mean ± SD. aP < 0.05: compared to baseline. 
bP < 0.05 compared to I_PUFA and PUFA. PUFA: polyunsaturated fatty 
acid; I_PUFA: intake of PUFA and FeNO ≥ 25 ppb; N_PUFA: intake of 
PUFA and FENO < 25 ppb and eCO ≥ 3.6 ppm; eCO: exhaled carbon 
monoxide; SD: standard deviation.

Figure 1. Comparison of FeNO levels at baseline and after 1, 2, and 3 weeks of PUFA supplementation between the three 
groups. Error bars represent standard deviations. *P < 0.05 vs. baseline and 1 week. †P<0.05 vs. N_PUFA and control. ‡P < 
0.05 vs. control. PUFA: polyunsaturated fatty acids; I: airway inflammation; N: non-airway inflammation; I_PUFA: intake of PUFA 
and FeNO ≥ 25 ppb; N_PUFA: intake of PUFA and FENO < 25 ppb and eCO ≥ 3.6 ppm; FeNO: fractional exhaled nitric oxide.
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matory mediators by macrophages and granulocytes at the site 
of inflammation [32]. Furthermore, the endogenous lipid me-
tabolites of n-3 PUFA are specialized pro-resolving mediators 
involved in promoting the resolution of inflammation. Hence, 
although blood eosinophil did not change over the 3 weeks 
in our study, the change in the lipid environment of the body 
may have contributed to the inhibition of airway inflammation. 
Meanwhile, FeNO did not change in the N_PUFA group after 
3 weeks. Moreira et al [33] previously reported that short-term 
dietary supplementation with n-3 PUFA in women with stable 
asthma was not associated with statistically significant chang-
es in FeNO; however, their participants’ FeNO levels were not 
very high level (FeNO < 50 ppb). A higher FeNO level might 
be more strongly affected by n-3 PUFA intake.

Levels of eCO were significantly decreased in both the 
I_PUFA and N_PUFA groups. Exercise training and environ-
mental factors load the airway and induce airway inflamma-
tion in athletes [1]. This airway inflammation may not only 

be caused by eosinophils but basophils and oxidative stress 
also [3]. Endogenous CO is produced through heme oxyge-
nase 1 (HO-1) degradation to heme iron and biliverdin and 
the exposure of airway epithelial cells to oxidative stress in-
creases HO-1 production [34]. A decrease in eCO may reflect 
the effect of n-3 PUFA in reducing oxidative stress of the 
airway. Supplementation of n-3 PUFA is known to reduce 
systematic oxidative stress [35]. HO-1 also has antioxidant 
functions and protects against tissue injury and airway in-
flammation [36].

Traditionally, Japanese people are more accustomed to 
eating fish than people from Europe and the USA. However, 
young Japanese people tend to prefer a western-style diet to 
traditional Japanese diets [37]. Low EPA/AA intake increases 
the risk of cardiovascular events, chronic inflammation, and 
impaired glucose tolerance [12]. In addition, EPA/AA balance 
is associated with maintaining immune function and prevent-
ing allergies. Fish oil supplementation has positive implica-

Table 3.  Changes in Respiratory Impedance Markers Over 3 Weeks

I_PUFA group (n = 10) Control group (n = 8)
Baseline 1 week 2 weeks 3 weeks Baseline 1 week 2 weeks 3 weeks

R5 (cm H2O/L/s) 2.29 ± 1.1 2.26 ± 1.0 1.92 ± 0.7 1.75 ± 0.6 2.13 ± 0.6 2.25 ± 0.7 1.92 ± 0.4 1.84 ± 0.3
R20 (cm H2O/L/s) 2.14 ± 0.8 2.03 ± 0.6 2.03 ± 0.6 1.84 ± 0.3 2.14 ± 0.6 2.00 ± 0.2 2.00 ± 0.2 1.83 ± 0.2
R5 - R20 (cm H2O/L/s) 0.12 ± 0.5 -0.10 ± 0.5 -0.10 ± 0.5 -0.09 ± 0.5 0.11 ± 0.5 -0.08 ± 0.3 -0.08 ± 0.3 0.01 ± 0.3
X5 (cm H2O/L/s) -0.14 ± 0.4 -0.21 ± 0.2 -0.28 ± 0.3 -0.08 ± 0.3 -0.10 ± 0.1 -0.25 ± 0.3 -0.11 ± 0.1 -0.19 ± 0.2
Fres (Hz) 6.47 ± 3.0 5.99 ± 1.5 7.85 ± 3.2 7.50 ± 4.9 5.84 ± 1.1 7.39 ± 3.8 6.10 ± 1.2 7.21 ± 2.0

Data are presented as mean ± SD. PUFA: polyunsaturated fatty acid; I_PUFA: intake of PUFA and FeNO ≥ 25 ppb; R5: 5 Hz; R20: 20 Hz; X5: reac-
tance at 5 Hz; Fres: resonant frequency; SD: standard deviation.

Table 4.  Dietary Intake as Assessed by the Food Frequency Questionnaire at Baseline and 3 Weeks

I_PUFA group (n = 10) N_PUFA group (n = 5) Control group (n = 8)
Baseline 3 weeks Baseline 3 weeks Baseline 3 weeks

Energy (kcal) 2,517 ± 332.5 2,305 ± 344.5 2,607.2 ± 316.8 2,312.0 ± 152.2 2,408.3 ± 162.0 2,290.4 ± 133.0
Lipid (g) 68.0 ± 6.4 66.7 ± 8.0 69.8 ± 5.2 64.8 ± 2.2 66.05 ± 2.1 65.1 ± 2.4
Protein (g) 92.31 ± 7.4 88.56 ± 7.7 95.3 ± 7.3 89.2 ± 4.4 90.3 ± 3.1 88.2 ± 2.9
Carbohydrate (g) 376.8 ± 65.0 312.7 ± 61.5 388.3 ± 63.3 330.8 ± 36.2 355.0 ± 49.5 322.4 ± 34.2

Data are presented as mean ± SD. PUFA: polyunsaturated fatty acid; I_PUFA: intake of PUFA and FeNO ≥ 25 ppb; N_PUFA: intake of PUFA and 
FENO < 25 ppb and eCO ≥ 3.6 ppm; eCO: exhaled carbon monoxide; SD: standard deviation.

Table 5.  Changes in Blood n-3 PUFA Over 3 Weeks

I_PUFA group (n = 10) N_PUFA group (n = 5) Control group (n = 8)
Baseline 3 weeks Baseline 3 weeks Baseline 3 weeks

EPA (μg/mL) 27.7 ± 16.9 52.1 ± 12.3* 20.8 ± 8.7 70.4 ± 36.1* 31.6 ± 19.7 26.9 ± 17.7
DHA (µg/mL) 73.8 ± 23.9 76.6 ± 17.3 70.8 ± 24.1 86.8 ± 27.5 80.5 ± 28.5 79.0 ± 16.7
AA (µg/mL) 198.4 ± 46.9 183.5 ± 28.9 212.1 ± 34.3 198.0 ± 36.7 208.7 ± 33.8 221.2 ± 36.8
EPA/AA 0.14 ± 0.1 0.29 ± 0.1* 0.10 ± 0.0 0.36 ± 0.2* 0.15 ± 0.1 0.12 ± 0.1

Data are presented as mean ± SD. *P < 0.05, compared to baseline. n-3: omega-3; PUFA: polyunsaturated fatty acid; I_PUFA: intake of PUFA and 
FeNO ≥ 25 ppb; N_PUFA: intake of PUFA and FENO < 25 ppb and eCO ≥ 3.6 ppm; SD: standard deviation EPA: eicosatetraenoic acid; DHA: do-
cosahexaenoic acid; AA: arachidonic acid.
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tions in healthy individuals with dietary-induced airway in-
flammation [38]. In this study, while airway inflammation 
makers in the N_PUFA group did not change, the increase in 
EPA/AA might be important for preventing metabolic disor-
ders in the future [39].

We investigated the participants’ respiratory impedance 
using the FOT. The FOT can easily measure respiratory pa-
rameters in a short amount of time and is noninvasive [40]. In 
addition, it is a common for athletes to regularly measure their 
respiratory resistance to screen for and prevent respiratory dis-
orders, and the FOT can assess whole respiratory function in 
detail.

n-3 PUFA supplementation did not change respiratory 
impedance in both the I_PUFA and N_PUFA groups after 3 
weeks. The I_PUFA group had eosinophil airway inflamma-
tion but did not have high respiratory impedance compared 
with the control group. The development of chronic airway 
inflammation induces asthma. In this study, respiratory imped-
ance did not change pre- and post n-3 PUFA supplementation. 
However, if airway inflammation was severe, follow-up would 
have been required.

Pulmonary function did not change in all groups. Previ-
ous studies have reported increases in pulmonary function 
after n-3 PUFA supplement intake in asthmatic athletes [41]. 
Although the I_PUFA group had high FeNO levels, pulmonary 
function was not reduced before intake of the supplement, and 
they were not diagnosed with asthma. Therefore, pulmonary 
function may not be significantly changed by n-3 PUFA intake.

The factors of airway inflammation are complex in ath-
letes, thus identifying one specific cause of inflammation in 
this population is impossible. n-3 PUFA intake can inhibit 
inflammation in general; therefore, it might be an effective 
tool to prevent the development of EIB, asthma, and airway 
inflammation in athletes. However, n-3 PUFA supplements are 
expensive and, in some cases, might increase the risk of dop-
ing. It may also be necessary to review dietary intakes before 
increasing intakes of n-3 PUFA.

All participants took protein supplements. Protein supple-
ments are widely recommended to athletes to maintain physi-
cal condition and help gain muscle mass. However, the impact 
of long-term, high intake protein supplementation in athletes 
are not known [42]. Protein supplements might induce aller-
gies because most include casein protein, a common allergen. 
Moreno-Perez et al [42] also showed that a slight increase in 
protein intake in athletes decreases health-promoting bacteria 
in the microbiota. The gut microbiota is an important factor in 
the onset of allergic disease. On the other hand, in children, 
IgE significantly decreased following whey supplementation 
[43]. Thus, the influence of long-term supplementation re-
quires further investigation.

We chose a drink-type supplement as it is easier to swal-
low compared with the capsule type. The dose of n-3 PUFA in 
this study (0.87 g/day) was lower than previous studies [44]. 
However, the dose of n-3 PUFA required to improve respira-
tory disorders has not been determined. Low-dose allergen 
tests showed that an n-3 PUFA-enriched fat blend (0.69 g/day) 
was able to reduce bronchial inflammation [26]. Considering 
the high cost of n-3 PUFA supplements, long-term high-dose 
supplementation may not be feasible, particularly for young 

athletes [45]. Thus, it may be necessary to consider the mini-
mum dose and effect of n-3 PUFA.

Limitations

This study has some limitations. First, the number of partici-
pants was small. Different training environments and exercise 
types can affect the extent of airway epithelial damage. There-
fore, to reduce confounding factors when investigating the ef-
fects of n-3 PUFA supplementation, it is necessary to control 
such variances in participant characteristics. To this end, par-
ticipants were recruited from the same sports team. Hence, the 
sample size in this study was small. The statistical significance 
of our results may be limited by the small sample size and wide 
variability in airway inflammation. Nevertheless, to mitigate 
this, we used two indices to assess airway inflammation and 
included a control group.

Second, we did not use a placebo supplement drink for the 
control group. However, we compared the supplement group 
and the control group. Third, we confirmed changes in blood 
EPA and DHA levels by assessing the difference between the 
supplement group and the control group. As a result, we found 
that airway inflammation was reduced in the I_PUFA group 
but not in the N_PUFA group. Finally, we could not clarify 
the effect of preventing airway inflammation because airway 
inflammation in the N_PUFA group was not significantly dif-
ferent from that in the control group. We could get the results 
of decreasing the high FeNO level, over 50 ppb.

Further studies are required to elucidate the effectiveness 
of n-3 PUFA supplements in preventing exercised-induced 
asthma and airway inflammation in athletes.

Conclusions

A daily intake of n-3 PUFA supplements (0.87 g/day) for 3 
weeks reduced airway inflammation in athletes with baseline 
FeNO levels ≥ 25 ppb. However further studies with larger 
sample sizes are required to validate this result.
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