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Abstract

A clinical study was undertaken to evaluate the associations
between the tissue levels of omega-3 (N3), also known as the
Omega-3 Index (N3 Index), on various clinical and quality of
life outcomes in healthy young adults after heavy eccentric
exercise. To ensure an adequate number of participants with an
elevated N3 index would be available for comparison to those
with a lower N3 Index, a subgroup of the study participants
received N3 dietary supplementation (2.7 g-d™") for 30 days prior
to the performance of the heavy eccentric exercise. The remain-
ing participants received a placebo supplement for the same 30-
day period. After 30 days of supplementation, participants per-
formed an eccentric exercise routine and were then measured at
baseline (time 0), 24-, 48-, 72-, and 96 hours respectively on the
following outcomes; C-reactive protein (CRP) and creatine
kinase. Blood lactate levels were analyzed immediately after the
exercise. Functional measurements of delayed onset of muscle
soreness (DOMS), extension and torque were also analyzed.
Quality of life (QOL) was measured by the quantitative ques-
tionnaire, the Profile of Mood States Questionnaire (POMS).
Safety monitoring and analysis of adverse events was continu-
ous throughout the study. Differences as demonstrated by a
reduction in pain following eccentric exercise was experienced
at both 72 and 96 hour time points in subjects with a higher N3
Index however there were no differences in extension or
strength between the two groups. There was a significant differ-
ence in blood lactate levels (p = 0.0309) and improved emo-
tional stability, reflected by the POMS questionnaire, in subjects
with a higher N3 Index level. There was a statistically signifi-
cant difference in CRP levels in subjects with a higher N3 Index
level at 24 hours and a trend toward significance over 96 hours.
There were no significant differences in creatine kinase levels
and no reported adverse events. Subjects with a higher Omega-3
(N3) Index reported less pain related to DOMS following heavy
exercise at 72 and 96 hours post-exercise. Reduced pain in the
higher N3 Index Group may be due to an increased concentra-
tion of omega-3 fatty acids in the muscle cell walls, thus trigger-
ing a higher elasticity, flexibility and lower risk of physical
damage to muscle tissue during exercise. Serum levels of blood
lactate were lower in subjects with a high N3 Index, CRP was
reduced at 24 hours and POMS scores were improved in high
N3 Index subjects demonstrating better QOL. No serious ad-
verse events were reported further supporting that omega-3
dietary supplementation is safe, bio-available and may improve
athletic performance and well being in healthy young adults.
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soreness, quality of life, mood.

Introduction

Chronic inflammation has been linked to many diseases

including cardiovascular disease, stroke, diabetes mellitus
and cancer (Pischon et al., 2011). Epidemiologic studies
have demonstrated that populations that consume more
fish and less red meat have lower incidences of some
inflammatory diseases such as gastric cancer and cardio-
vascular disease (Huang et al., 2011; InterAct Consor-
tium, 2011). The two most important omega-3 (n-3) poly-
unsaturated fatty acids are eicosapentaenoic acid (EPA)
and docosahexanoic acid (DHA) and it has been sug-
gested that diets high in these fatty acids may benefit
mood, behavior and physical performance (Krumbholz et
al., 2010; Mozaffarain et al., 2011; Oddy et al., 2011;
Poudyal et al., 2011).

It has also been demonstrated that increased con-
sumption of omega-3 fatty acids improves lipid profiles,
reduces oxidative stress and reduces inflammation via
inhibition of pro-inflammatory mediators such as leukot-
rienes, prostaglandins and cytokines (Gopinath et al.,
2011; Huang et al., 2011). Another manifestation of in-
flammation is muscle soreness that can occur in both elite
athletes and normal human adults. Muscle soreness,
sometimes called delayed onset muscle soreness
(DOMS), is characterized as a type of soreness that is
usually caused by a new or unaccustomed exercise. The
exercises that most frequently cause DOMS are primarily
exercises of eccentric muscle action i.e.: where a muscle
generates tension to control the rate at which it lengthens
(Balnave and Thomson 1993; Bobbert et al., 1986; Wes-
sel and Wan 1994). The onset of DOMS generally occurs
within 24-48 hours following exercise, may be associated
with swelling, tenderness and discomfort, and may be
experienced up to 1 week following heavy exercise (Bob-
bert et al., 1986; Wessel and Wan, 1994). While the phys-
iology of DOMS is not completely understood, DOMS is
likely related to damage of sarcomeres, ensuing swelling
of damaged muscle fibers and subsequent initiation of an
inflammatory response (Herbert et al., 2011; Lieber and
Friden, 2002; Proske and Morgan, 2001). Strategies that
have been tested for their potential to alleviate DOMS
include massage therapy, stretching, ultrasound, pharma-
cologic anti-inflammatory drugs and dietary supplements
including omega-3 dietary supplements (Herbert et al.,
2011; Hyldahl et al., 2010; Lieber and Friden, 2002;
Proske and Morgan, 2001; Rhea et al., 2009). The hy-
potheses that omega-3 dietary supplementation may re-
duce DOMS posits that higher systemic omega-3 levels
correlate to increased omega-3 concentration in the mus-
cle cell wall thereby increasing elasticity and flexibility
and reducing the risk of muscle cell injury during heavy
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exercise. It has been shown that the omega-3 fatty acid
content in omega-3 dietary supplements can increase
omega-3 index levels and attenuate inflammatory path-
ways such as the cyclooxygenase and lipoxygenase path-
ways resulting in a decreased inflammatory response and
reduced pain (Krumbholz et al., 2010; Poudyal et al.,
2011). Systemic omega 3- levels are commonly calculated
as an omega-3 index (N3 Index). The 0 - 12 range of the
N3 Index expresses the amount of EPA and DHA (in
weight [%]) present in the tissue cell membrane lipid
fraction (Von Schacky, 2010). The Omega-3 Index has
been previously characterized as an important risk factor
for coronary heart disease (Harris and von Schacky,
2004). Subjects with an N3 Index less than or equal to 4.0
(low N3 index) are considered to have higher cardiovas-
cular risk. Subjects with an N3 index between 4 and 8§ are
characterized as medium risk, while subjects with an N3
Index of >8 are considered low risk for suffering a fatal
cardiovascular event (Harris and Von Schacky, 2004; Von
Schacky, 2010).

The purpose of the study was to test whether sub-
jects with a higher N3 Index displayed differences in the
incidence of DOMS, inflammatory biomarkers and qual-
ity of life following vigorous exercise.

Methods

Subjects

Men and women over the age of 18 were allowed to par-
ticipate in the study if they were otherwise healthy, did
not currently take any dietary supplements containing fish
oil or omega-3 and were able to read and sign the in-
formed consent in the English language. Excluded from
the study were subjects with any known medical condi-
tions, any current medication use for cardiovascular dis-
ease including hypertension, hyperlipidemia or past medi-
cal history of any coronary disease, current treatment for
diabetes mellitus, recent physical injury, excessive con-
sumption of fish (defined as consumption >1 time per
week, current drug or alcohol addiction and any reason in
the opinion of the investigator not to take part in the
study.

Study procedures

This was an Institutional Review Board (IRB) approved
study (Ithaca College Institutional Review Board) in 69
human volunteers. Study subjects were randomized 2:1 to
take either 6 capsules of an omega-3 dietary supplement
per day (KD Pharma, Bexbach, Germany, 2.7g) or 6 cap-
sules of a placebo agent (high oleic sunflower oil) with
food 30 days prior to exercise (baseline (0 hour)). Group
1 was subjects who had taken the supplement with an
Omega-3 Index above 4.0 (high N3 Index) and Group 2
was subjects who had taken the placebo supplement and
had an Omega-3 Index less than 4.0 (low N3 Index).
Participants in group 1 who had received omega-3 sup-
plementation of 2.7g EPA+DHA per day for 30 days
moved from an initial mean N3 Index of 3.6 + 1.66 to 5.4
+ 1.05 (p = 0.0001) as measured at day O of the exercise
portion of the intervention, indicating good bioavailability
of the omega-3 supplement. A second subgroup receiving

high oleic acid placebo capsules had an initial mean N3
Index of 3.75 + 0.95 and after 30 days of placebo supple-
mentation, on day 0 of exercise, a mean value of 3.94 +
1.08.

Blood draw was performed at 0, 24-, 48-, 72-, and
96 hours post-exercise for measurement of plasma C-
reactive protein (CRP) (mg'ml™) and creatine kinase (CK)
(IU-L™) by the following procedure. Three milliliters of
blood was drawn from the antecubital vein of the non-
exercising arm. Blood was collected in a serum separator
tube, allowed to sit for 20-60 min, and then centrifuged
(IEC Centra-MP4R, Needham Heights, Massachusetts,
USA) at 3,500 rpm for 10 min. Serum was then pipetted
in a microtainer tube and stored in a refrigerator. At the
end of the testing session, tubes were transferred for stor-
age to a freezer at -80°C. At end of data collection, all
tubes were transported to an outside laboratory (Human
Metabolic Research Laboratory, Cornell University, Itha-
ca, New York, USA), where a Dimension Xpand Plus
automated chemistry analyzer (Siemens Medical Diag-
nostics Solutions, Newark, Delaware, USA) was used to
measure CK and an Immulite 2000 automated analyzer
(Siemens Medical Diagnostics Solutions, Newark, Dela-
ware, USA) to measure CRP. Duplicates were run for
both tests. Assessment of blood lactate level was also
done directly after exercise. Briefly, an alcohol prep pad
was used to sterilize a finger on the non-exercising arm
immediately after the initial exercise intervention. A
sterilized lancet was used to obtain a 0.5ul sample of
whole blood, which was analyzed for blood lactate with a
Lactate Scout portable lactate analyzer (SensLab GmbH,
Leipzig, Germany).

Exercise intervention

We used multiple sets of maximum eccentric forearm
extensions performed with the non-dominant arm on a
Cybex isokinetic dynamometer (Computer Sports Medi-
cine, Inc. Humac®/Norm™, Model 770, Stoughton, Mas-
sachusetts, USA) to induce muscle soreness. Each group
did two sets of 30 repetitions. The number of repetitions
was based on a pilot study (n = 24) in which DOMS was
manipulated into three discrete levels as measured by
strength loss and into two levels when assessed by chang-
es in arm circumference at 2 cm, elbow range of motion
(ROM), relaxed arm angle (RANG), and unpleasantness
of soreness (data not shown).

Assessment of Delayed Onset Muscle Soreness, exten-
sion and torque

Functional measurement of DOMS was measured as a
visual analog scale (VAS) and recorded as a score from 0-
10. This measurement was recorded by the same investi-
gator throughout the study period. Indirect markers of
soreness including arm extension (as joint elbow range of
motion (ROM)) and torque were also measured. Elbow
ROM for the exercising arm was measured with a stan-
dardized goniometer for active flexion range. The active
flexion ROM was determined as the difference between
the actively flexed and extended elbow joint angles.
Subjects were tested in the supine position to stabilize the
shoulder and upper body. The fulcrum of goniometer was
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kept at the lateral epicondyle of the humerus, while the
stationary arm was parallel to longitudinal axis of hume-
rus and the movement arm was parallel to the longitudinal
axis of forearm. Measurement was done from a fully
extended position to a fully flexed position (Zainuddin et
al., 2005). Placement locations of fulcrum, stationary and
movement arm were marked with permanent ink to main-
tain consistency throughout trials. Three measurements
were taken and the mean value was used for analysis.

To measure tourque, subjects completed eccentric
elbow extension on a Cybex isokinetic dynamometer
(Computer Sports Medicine, Inc. Humac®/Norm™,
Model 770, Stoughton, Massachusetts, USA). Prior to any
Cybex test, the machine was adjusted according to set-
tings made during the baseline lab visit. In addition, every
peak torque (PT) test was preceded by a standardized
warm-up that included five sub-maximal and two maxi-
mal eccentric triceps contractions at 90°s” After the
warm-up, the subjects rested two minutes before complet-
ing three maximal eccentric triceps contractions. The
average of the three contractions was recorded as PT in
Newton-meters. A pilot study performed to test the reli-
ability of the PT protocol yielded a coefficient of varia-
tion of 4.3% (n=21) (data not shown).

Questionnaires

The Profile of Mood States (POMS) questionnaire was
administered to every subject at each time point. The
POMS is a quick well-validated quantitative assessment
that is useful in measuring active mood states (McNair
1992).

Safety monitoring

Safety variables as measured by adverse events were
graded using the National Cancer Institute Common Ter-
minology Criteria for Adverse Events, version 3.0.

Statistical analysis

Descriptive statistics are presented as the mean =+ standard
deviation for normally distributed variables and as the
median and frequency for categorical variables. Descrip-
tive statistics and other study outcomes are presented as
the mean + standard deviation to allow for comparison
with other studies. Subjects were prospectively grouped
according to their baseline N3 Index level and analyzed
on the primary endpoint, level of DOMS. Secondary
comparisons were done using paired ¢ tests by comparing
measurements to times 24-, 48-, 72-, and 96-hours post-
exercise or via a one-way analysis of variance (ANOVA)
as appropriate. All analyses were performed using
STATA (Version 11, College Station, TX) and Microsoft
Excel (Microsoft, Redmond, WA).

Results

Sixty-nine male and female college students were en-
rolled in the study and sixty-three were evaluable. Six
subjects were not evaluable because they were lost to
follow up. No subjects were lost to any adverse events.
The mean + SD age was 18.6 £ 1.2 (n=43), 189+ 1.1 (n

= 22) in Group 1 (N3 index >4) and 2 (N3 index <4)
respectively. The measurement of DOMS (mean worst
pain score) at 24 hours was 3.81 £3.7 versus 5.32+ 3.3 in
Group 1 versus 2 respectively. At 72 hours and 96 hours
there were significant differences between the two groups
on DOMS worst pain scores. Group 1 reported mean pain
scores of 2.19 = 1.92 vs 4.36 + 3.17 (p = 0.031) at 72
hours and 1.63 £ 1.77 vs 3.17 £ 2.75 (p = 0.035) at 96
hours (Group 1 vs 2 respectively) (Figure 1). No signifi-
cant differences were found between the two groups at
any of the time points for extension and torque (Table 1).

—4—Group | : Omega index >4
Group2: Omega index < 4

Bastline 24 48 72 96

Figure 1. Comparison of DOMS at 24-96 Hours after Exer-
cise between Group 1 and 2. P values are based on two-sample ¢
tests comparing differences in between-group means. * p=0.031,*p =
0.035.

Table 1. Comparison of between-group mean scores on
extension and torque. Data are means (£SD).

Outcome Measure Group 1 Group 2
and Time Point Omega index >4 Omega index <4
(n=42) (n=22)
Extension (expressed as angle)
24 hours 2.94 (5.7) 2.67 (8.50)
48 hours 1.6 (6.7) 1.91 (8.50)
72 hours 1.8 (6.8) 1.67 (7.30)
96 hours 1.12 (6.53) 1.08 (8.50)
Torque (expressed as Nm)
24 hours 50.44 (23.94) 38.88 (19.74)
48 hours 48.25 (22.02) 40.00 (25.01)
72 hours 49.81 (24.32) 42.13 (26.81)
96 hours 52.38 (24.19) 42.00 (25.57)

Serum levels of creatine kinase (IU-L™") were not
significantly different between the two groups at any of
the time points. Blood lactate level directly after exercise
was significantly reduced in Group 1 versus Group 2,
3.56+ 1.37 mmol-L™" versus 4.28 + 2.58 mmol'L" (p =
0.0309). C-reactive protein level was statistically signifi-
cantly different between the two groups at 24 hours, p =
0.001. There was a visible trend for a lower average CRP-
levels in Group 1 (high N3 Index level) throughout the
remaining time points (Figure 2). Scores on the Profile of
Mood States (POMS) demonstrated that there was greater
emotional stability in the higher N3 Index Group (Group
1) as compared to the low N3 Index Group (Group 2)
suggesting improved QOL in the high N3 Index Group
(Figure 3). There were no reported adverse events in
either group.
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Figure 2. Decreased serum CRP level was shown in Group 1
(N3 Index >4) vs Group 2 (N3 Index <4) at 24 hours, * p =
0.001. There was a non-significant trend in reduced CRP in Group 1 vs
2 from 48-96 H.
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Figure 3. Profile of Mood States (POMS) Scores. Change in

the group mean quality of life scores as measured by the POMS
questionnaire from baseline to 24-, 48-, 72- and 96 hours for the
two groups demonstrated significance at 72 hours. * p < 0.05.

Discussion

Our study demonstrates that omega-3 supplementation
resulted in an increased omega-3 fatty acid tissue level
(N3 Index) in healthy human subjects. Subjects with a
N3 Index > 4 also demonstrated reduced delayed onset
muscle soreness (DOMS) at 72 and 96 hours post-
exercise. These findings support the hypothesis that high-
er omega-3 tissue levels may have a protective effect on
muscle cells during exercise and may act by reducing the
inflammatory response and subsequent DOMS. Secon-
dary results showed that subjects with a higher N3 Index
had reduced CRP levels at 24 hours, reduced blood lactate
levels directly after exercise and reported improved over-
all quality of life as measured by a more stable mood at
72 hours. There were no changes in creatine kinase levels
or differences in extension or torque between the two
groups. Supplementation with the omega-3 dietary sup-
plement was also safe and well tolerated.

Delayed onset muscle soreness (DOMS) is charac-
terized as a painful condition that is commonly experi-
enced after new or unaccustomed exercises. It is charac-
terized as a benign medical condition that can easily sub-
side with rest however it can cause considerable discom-
fort in both normal adults and trained athletes. A large
clinical trial recently demonstrated that peak DOMS can

last up to one-week post exercise and can also impede
athletic performance (Jamtyedt et al., 2010). Many differ-
ent treatments for DOMS have been studied and include
massage therapy, stretching, transcutaneous electrical
stimulation, ultrasound and the administration of a variety
of anti-inflammatory drugs such as prednisone and dietary
supplements such as vitamin C (Cheung 2003; Connolly,
2003; Deneger, 1992; Torres, 2012).

The physiologic mechanism of action of DOMS
appears to be multifold but is largely related to inflamma-
tion, pain and muscle damage to the myofibrils, sar-
colemma and sarcoplasmic reticulum (Clarkson, 1999).
The mechanism by which this occurs includes activation
of a variety of cytokines and enzymes that also attract
neutrophils in order to coordinate a healing response.
However these functions are also thought to activate pain
receptors and can also be responsible for destruction of
normal healthy tissue (O’Conner, 1999; Weiss, 1989).

Dietary supplementation of omega-3 has become
more common and is being prospectively tested for its
effect on a variety of conditions including mood and be-
havioral disorders, physical performance and metabolic
conditions (Bloomer et al., 2009; Huang et al., 2011;
Lenn et al., 2002; Oddy et al., 2011; Poudyal et al., 2011;
Tartibian et al., 2009). One of the main connections be-
tween omega-3 fatty acids and inflammation is the effect
of N3 fatty acids on eicosanoids, primary mediators of
inflammation. Eicosanoids are generated from aracha-
donic acid and are largely involved in modulation of the
inflammatory response (Sammuleson 1991). Physiologi-
cally, increased consumption of N3 fatty acids such as
EPA and DHA have been shown to result in increased
levels of EPA and DHA in human inflammatory cells
resulting in decreased production of a variety of eico-
sanoids including thromboxane, leukotrines and pros-
taglandins (Heally 2000). Moreover studies have also
shown that various anti-inflammatory supplements in-
cluding DHA and tocopherols attenuate inflammatory
markers of cell damage (Phillips, 2003).

Our study demonstrated that subjects with higher
N3 levels due to omega-3 supplementation experienced
less DOMS at 72- and 96- hours post-exercise. This is
consistent with a recent study of pomegranate juice sup-
plementation that demonstrated reduced DOMS in sub-
jects at 48- and 72-hours post exercise (Trombold et al.,
2011). A hypothesis for the reduction in DOMS may be
that an increase in polyunsaturated fatty acids in the mus-
cle cell membrane improves the elasticity of cells thereby
reducing the degree of muscle damage during heavy ec-
centric exercise.

Our study also demonstrated that young adults with
a higher N3 Index reported a better quality of life as
measured by quantitative questionnaire, the Profile of
Mood States (POMS). This finding is consistent with
recent research which observed a correlation between low
N3 levels and depression in adolescents and another study
that showed that omega-3 supplementation improved
anxiety levels and reduced inflammation in healthy stu-
dents (Kiecolt-Glaser et al., 2011; Swenne et al., 2011).
While the mechanism is still unclear it has been suggested
that omega 3 supplementation may attenuate inflamma-
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tory conditions that have been linked with mood disorders
such as metabolic syndrome (Lopresti, 2013).

Limitations of our study include its small sample
size and possible selection bias to those who agreed to
participate in this type of study given the time require-
ment and need to perform exercise. For measured parame-
ters such as CRP levels, there was a statistically signifi-
cant difference at 24 hours and a trend towards continued
decreased observed between the high and low N3 Index
groups and these trends may warrant further investigation.
Overall, the small degree of separation between the high
and low N3 Index may have made it difficult to detect
statistically significant differences between groups. Future
studies may provide more conclusive data should the high
and low N3 Index be defined at greater extremes along
the Omega-3 Index spectrum of values.

Conclusion

In conclusion, dietary supplementation with an omega-3
supplement lead to a higher N3 Index level and decreased
incidence of DOMS in healthy college aged subjects.
Moreover, supplementation was safe and tolerable. More
research is needed in order to elucidate how omega-3
fatty acid supplementation and a higher N3 Index may
affect inflammatory changes and other physical manifes-
tations following heavy exercise in adults.
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Key points

e Omega-3 index (N3) is elevated after supplementa-
tion versus placebo in healthy young adults

e Subjects with higher N3 index demonstrated re-
duced DOMS after heavy exercise

e Subjects with higher N3 index reported better qual-
ity of life.
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