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Abstract

Background: Omega-3 fatty acid supplementation has been shown to help maintain muscle function and reduce muscle soreness
after exercise-induced muscle damage. However, the relationship between the dietary and biological status of omega-3 fatty acids
in rugby players remains unclear.
Objectives: This study aimed to investigate the connection between the dietary and biological status of omega-3 fatty acids in
university rugby players.
Methods: We conducted a cross-sectional study involving university rugby players and age-matched sedentary controls. We
assessed diets, including omega-3 and omega-6 polyunsaturated fatty acids, using self-administered dietary questionnaires. Whole
blood lipidomics was performed before and after a single training session.
Results: The rugby group (n = 29) had significantly higher intakes of omega-3 and omega-6 fatty acids compared to the control group
(n = 31). While the blood omega-6 relative concentration did not differ between the groups, the rugby group had lower omega-3 fatty
acid levels than the control group (4.4 ± 1.1 vs. 6.2 ± 1.8%). Approximately 48% of rugby players had an omega-3 index (O3i) considered
as high risk for cardiovascular disease, and 52% were classified as intermediate risk. None of the players had a low-risk O3i. A single
training session had an impact on the omega-3 and omega-6 metabolic pathways.
Conclusions: Despite having a higher omega-3 fatty acid intake than controls, rugby football players may still be deficient in
omega-3 fatty acids. Further nutritional interventions are needed to address these issues.
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1. Background

The nutritional status, including omega-3
polyunsaturated fatty acids (n-3 PUFAs) status,
significantly impacts skeletal muscle health and
metabolism (1). n-3 PUFAs play a crucial role in various
cellular functions, such as structural maintenance, cell
membrane fluidity, and signaling. Additionally, n-3 PUFAs
regulate inflammatory processes, blood clotting, blood
pressure, glucose tolerance, and the nervous system (2).

Furthermore, scientific research suggests that
supplementing with n-3 PUFAs can help maintain
muscle function and reduce muscle soreness following
exercise-induced muscle damage (3). The omega-3 index
(O3i), which comprises docosahexaenoic acid (DHA, 22:6
n-3) and eicosapentaenoic acid (EPA, 20:5 n-3) levels, serves

as an indicator of coronary heart disease mortality (4).
Among American football athletes, the O3i was categorized
as follows: high risk (34%), intermediate (66%), and low
risk (0%) (5). However, the relationship between the
dietary and biological status of omega-3 fatty acids in
Japanese rugby players remains unknown. Furthermore,
no studies on changes in lipidomics after training have
been published to date.

Nutritional interventions incorporating omega-3 fatty
acids offer potential benefits in terms of performance
enhancement, facilitating recovery, and reducing the risk
of sports-related injuries (6). A meta-analysis conducted
by Yeomans et al. revealed that the injury rate among
amateur rugby union players was lower than that among
professional players but higher than the rates reported
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in adolescent and youth rugby players (7). Therefore, it
becomes crucial to assess omega-3 intake and evaluate
the omega-3 status in the bodies of university-level rugby
players.

2. Objectives

The study aimed to investigate the correlation between
the dietary and biological status of omega-3 fatty acids in
university rugby players.

3. Methods

3.1. Research Design

This case-control study involving university rugby
players and controls took place between March and May
2019 in Japan.

3.2. Population

We selected rugby players from a single university
team. The inclusion criteria for the case group were
as follows: participants had to be university rugby
football players competing at the highest level of the local
league (A-League) in Japan. Additionally, we recruited 31
control subjects from the same university through poster
advertisements. The inclusion criteria for the control
group were as follows: they were not engaged in regular
exercise (8). Exclusion criteria for both groups were as
follows: they did not consent to the study protocol. To
ensure the absence of selection bias, we intentionally
recruited participants from the same university.

3.3. Measures

Body mass index (BMI) was calculated as the ratio of
one’s weight in kilograms (kg) to the square of their height
in meters (m2). Body composition, including body fat
and lean body mass, was evaluated using bioimpedance
analysis with the InBody 270 device, manufactured by
InBody Japan Inc, located in Tokyo, Japan. Dietary intake
of omega-3 and omega-6 fatty acids was assessed using a
validated self-administered dietary questionnaire (9). The
Brief-type Diet History Questionnaire (BDHQ), specifically
designed for evaluating nutrient and food intake, was
tailored to Japanese dietary habits. It consisted of 80
questions aimed at estimating the consumption of 58
different foods. Previous studies demonstrated a strong
association between the BDHQ and the biomarker for EPA,
with a Spearman’s correlation coefficient of 0.58 in men
and 0.44 in women. Similarly, a significant correlation was
observed for DHA, with values of 0.55 in men and 0.29 in
women (10).

3.4. Biochemical Analysis and Training Session

Peripheral venous blood samples were collected from
participants who had fasted overnight between 8:00 and
9:00 a.m. Additional peripheral venous blood samples
were obtained following a single training session, which
included a 2-hour shuttle run. During the two-hour rugby
training session, players participated in various drills,
and they performed high-intensity 40-meter shuttle runs
in 10 sets, covering a total distance of 800 meters. A
comprehensive analysis of whole blood lipidomics, with
a specific focus on fatty acids, was conducted using the
dried blood spot technique (11, 12). This examination
provided a comprehensive evaluation of the intracellular
distribution of a total of 22 fatty acids. The Omega-3 index
(O3i), represented as the ratio of EPA and DHA to the
total fatty acid content, was calculated (13). Rugby players
were categorized based on the proposed omega-3 index
(EPA+DHA) risk zones for cardiovascular disease as follows:
low risk, >8%; intermediate risk, 4 – 8%; high risk, < 4%
(14). This study protocol (approval number: 2013–005) was
approved by the Ethics Committee.

3.5. Statistical Analysis

A total sample size of 52 subjects was required,
considering statistical power (80%), alpha error (20%),
and effect size (0.8). We employed the t-test, chi-square
test, and Pearson’s correlation coefficient for statistical
analysis. Cases with missing data were excluded from the
relevant analysis, and sensitivity analysis was conducted.
All analyses were performed using the R software.

4. Results

A total of 60 participants were recruited. The rugby
group (RG, n = 29) had higher BMI, body fat, and lean
body mass compared to the control group (CG, n = 31).
Among the forwards and the backs within the rugby group,
the forwards exhibited greater body weight, BMI, and lean
body mass, but there were no distinctions in age, height,
or body fat between the two subgroups.

The RG had a significantly higher intake of omega-6
and omega-3 fatty acids than the CG. Blood omega-6 fatty
acid levels did not differ between the groups; however, the
RG had lower omega-3 fatty acid levels than the CG (4.4
± 1.1 vs. 6.2 ± 1.8%), with no difference in omega-6 fatty
acid levels between the groups (Figure 1). Approximately
48% of rugby players had an O3i that was considered high
risk (<4%), and 52% had an O3i considered intermediate
risk (4 – 8%). None of the participants had a low-risk
O3i (Table 1). There was no correlation between omega-3
and omega-6 fatty acids in rugby players (r = 0.15 and
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-0.08, respectively). A single training session increased
changes upstream of the omega-3 fatty acid pathways
and reduced changes downstream of the omega-6 and
omega-3 pathways (Figure 2). No correlation was found
between dietary intake and blood levels of n-3 and n-6
polyunsaturated fatty acids (Table 2).

5. Discussion

This study marks the first indication that Japanese
rugby players may be deficient in omega-3 fatty
acids despite their higher intake of these fatty acids.
Additionally, a single training session had an impact on
the omega-3 and omega-6 pathways. The precise reason
for the variations in the omega-3 index among the groups
remains uncertain. Importantly, none of the participants
in this study had taken omega-3 supplements. It is possible
that differences in exercise and training routines could
account for these variations, possibly influencing muscle
metabolism.

The Omega-3 index (O3i), a measure of the combined
DHA + EPA content, provides valuable information
regarding cardiovascular disease risk: <4% is considered
high risk, while >8% is considered low risk (14). Our
findings are consistent with a previous study on American
football athletes. The mean O3i values for Summer
Olympians (14), Winter Olympians (15), and National
Collegiate Athletic Association Division 1 collegiate
footballers were 5.1%, 4.9%, and 4.4%, respectively. The
recommended O3i target range for athletes is 8 – 11% (16).
Football players face an increased risk of head injuries and
cardiovascular disease (17). The O3i serves as a valuable
tool for evaluating an individual’s omega-3 status.

Practical recommendations for n-3 PUFAs intake for
rugby players are lacking. Huang et al.’s meta-analysis
revealed a positive impact on muscle mass, especially for
individuals taking supplements exceeding 2 grams
per day (18). Black et al. reported that 1.5 g of n-3
PUFAs supplementation for 20 professional Rugby
Union players during 5 weeks of pre-season training
showed a moderate beneficial effect on muscle soreness,
translating into better maintenance of explosive power
(3). A non-randomized study of 31 football players by
Heileson et al. demonstrated cardio- and neuroprotective
effects of combined 560 mg EPA+320mg DPA+2000mg
DHA supplementation (19). However, among 19 male
and 15 female rugby players, even with supplementation,
the O3i remained in the high-risk category for some
athletes who followed the recommended dietary intake
of n-3 PUFAs (20). This suggests that relying solely on
dietary intake may not be sufficient, and athletes may
require additional dietary adjustments and n-3 PUFAs (21).

Moreover, the ingestion of 6 grams of DHA can quickly
lead to the attainment of a targeted O3i (>8%) in athletes
within just 8 weeks. Based on the findings of this study,
dietary recommendations should be tailored to each
individual’s O3i.

Rugby and football players are at an increased risk
of head trauma (22), and recurrent head injuries can
lead to lasting neurological consequences (23). Animal
models have shown a decrease in neuronal DHA levels
following brain injury (24, 25). Notably, two studies
involving patients with severe head trauma suggested
potential benefits of n-3 PUFAs acid supplementation
(26, 27). A human clinical trial involving football athletes
found evidence suggesting a neuroprotective effect of
DHA supplementation (28). The correlation between EPA
and DHA levels in skeletal muscle and red blood cells is
noteworthy. College students with an O3i exceeding 4%
reported reduced muscle soreness post-eccentric exercise
compared to their counterparts (29). Additionally,
supplementation with DHA-rich fish oil has been linked
to improved cycling economy and enhanced cognitive
flexibility in the executive function of endurance athletes
(30, 31). Overall, human studies suggest that n-3 PUFAs
supplementation may have a neuroprotective effect.

Walnuts and flaxseeds stand out as primary
plant-based sources of n-3 PUFAs (32). Additionally, both
walnuts and flaxseeds provide essential nutrients such as
fiber, potassium, magnesium, and various non-essential
compounds like polyphenols and sterols, which, when
combined, are recognized for their positive impact
on cardiovascular health. This study raises questions
about the sources of omega-3 and omega-6 fatty acids,
specifically whether they are derived from fish or plants.
Further investigation, particularly into plant-based
sources, is necessary to address these uncertainties and
provide a comprehensive understanding of the subject.

This study possesses notable strengths, including the
utilization of validated methods such as lipidomics and a
reliable dietary assessment tool (BDHQ). Nevertheless, it
is essential to acknowledge several limitations, including
a relatively small sample size, the absence of a crossover
design, the lack of assessment concerning performance
and sports-related injuries, and the exclusive focus on
male Japanese university rugby players. Consequently,
it is important to recognize that the findings may not
be universally applicable. Philpott and colleagues found
that a dosage of 1.1 mg of n-3PUFA has a beneficial
effect in reducing muscle soreness and elevated levels
of creatine kinase in competitive soccer players after
eccentric exercise (33). Escribano-Ott et al. reported that
EPA (2 g) had a potential role in recovery and wellness
in basketball players (34). This study suggests that the
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Figure 1. Dietary and biological status of omega-3 fatty acids in the rugby- and control groups

Table 1. Clinical Characteristics of the Participants

Variables Control Group (N = 31) Rugby Group (N = 29)
Rugby Group

Forward (n = 14) Bucks (n = 15)

Age, y 20.8 (1.9) 20.7 (0.7) 20.9 (0.9) 20.5 (0.5)

Height, cm 172.2 (4.9) 174.6 (7.6) 176.4 (8.5) 172.8 (6.9)

Body weight, kg 64.9 (10.8) 88.1 (16.0) a 99.3 (14.5) a , b 77.7 (9.7) a

BMI, kg/m2 20.7 (4.8) 28.8 (4.2) a 31.9 (4.0) a , b 25.9 (1.8) a

Body fat, % 17.6 (5.2) 20.2 (6.1) a 23.6 (5.7) a 17.1 (4.9)

Lean body mass, kg 53.0 (6.2) 69.7 (10.4) a 75.5 (10.7) a , b 64.2 (7.3) a

Dietary intake, g

Omega-3 fatty acids 2.4 (0.9) 3.4 (1.3) a 3.6 (1.5) a 3.2 (0.9) a

Omega-3 fatty acids/BW 0.037(0.015) 0.040 (0.016) 0.037 (0.017) 0.043 (0.014)

Omega-6 fatty acids 10.4 (3.7) 15.7 (5.7) a 16.1 (7.4) a 15.2 (3.8) a

Omega-6 fatty acids/BW 0.16 (0.06) 0.18 (0.07) 0.17 (0.07) 0.20 (0.07)a

Whole blood

Omega-3 fatty acids 6.2 (1.8) 4.4 (1.1) 4.6 (1.3) a 4.2 (0.9) a

Omega-6 fatty acids 33.9 (3.1) 32.8 (1.9) 32.9 (1.8) 32.7 (2.1)

Omega-3 index, %

High risk (< 4%) 12.9 48.3 a 35.7 60.0 a

Intermediate (4 - 8%) 74.2 51.7 64.3 40.0 a

Low risk (> 8%) 12.9 0 a 0 0

Abbreviation: BW, body weight.
a P < 0.05, compared to the control group.
b P < 0.05 compared to the Bucks group.
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Figure 2. Effects of a single training session on omega-3 and 6 fatty acid concentrations in rugby players

Table 2. Correlation Between Dietary Intake and Blood Levels of n-3 and n-6 Polyunsaturated Fatty Acids

Variable Control Group Rugby Group
Rugby Group

Forward Bucks

n-3 PUFAs 0.05 0.15 0.21 -0.05

n-6 PUFAs 0.09 -0.08 -0.14 -0.01

results have the potential to offer advantages to other
athletic groups. We did not assess additional ratios, such
as the omega-6/omega-3 fatty acid ratio. A more favorable
outcome is associated with a lower ratio of omega-6 to
omega-3 fatty acids, which is beneficial in reducing the
risk of numerous prevalent chronic diseases in Western
societies (35). It’s important to note that we did not
compute the omega-6/omega-3 fatty acid ratio in this study.
In an observational study involving 275 non-elite runners,
who were not using omega-3 supplements, the research
highlighted the O3i as potential indicators linked to the
risk of running-related injuries (36). It’s important to note
that the study did not investigate the participants’ history
of sports-related injuries. To substantiate these findings,
additional research encompassing this specific ratio and
involving larger sample sizes is necessary. In the case of
collegiate women soccer players, a brief omega-3 FFQ (Food
Frequency Questionnaire) demonstrated a correlation
with erythrocyte omega-3 fatty acid levels, providing a
practical tool for health professionals to assess omega-3
intake among this specific collegiate sports population
(37). However, this current study focused on male rugby
players. To gain a more comprehensive understanding of

these issues, further research is necessary, including the
use of a brief omega-3 FFQ and conducting prospective
studies.

In conclusion, rugby players may be at a higher risk
of cardiovascular disease than controls. Rugby players
are exposed to repeated head impacts, which might cause
neurological deficits. The O3i and lipidomics can be used
to profile and monitor rugby players.
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