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ABSTRACT

Study on the effect of marine omega-3 comparing to omega-3 with L-carnitine was conducted
in two similar groups of border line healthy to overfat or obese volunteer. Subjects were monitored at
four weeks interval until the eighth week. Measurement parameters were the body composition, body
weight and body fat percentage. These parameters were measured at the beginning of the study and at
each monitoring interval, 4" week and 8" week. Study result showed no statistical significant weight
reduction and body fat reduction between the two groups. Objectivity measurement of body fat, and
weight in human could be hindered by environmental factors such as daily diet and short-term
behavioral change. There was no serious side effect reported, except the commonly known adverse
reactions such as nausea and fishy smell. Subject’s self-assessment demonstrated satisfaction and
positive attitude towards the treatment, with several effects such as body firmness, waste reduction
and energizing effect felt within the first four weeks interval. Further human study in this area should

be conducted in the rigidly control environment with control on diet and behavior.

Keywords: Omega-3 fish oil/L-carnitine/Fat burn/Body composition
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CHAPTER 1

INTRODUCTION

1.1 Background and rationale of the study

Obesity and overweight are associated with a large number of medical complications that
increase the burden for individuals directly and indirectly. The cultural perception of what a normal
body should look like is closely linked to overweight. Although adipose tissue is responsible for
creating smooth angles and grooves of the body, sometimes these cells do that job a little or too
well and the body form becomes too round. Fat cells are essential to normal life. In a normal
condition, fat cells, adipocytes, look like small, empty drops acting as reservoir for fat. However, in
many circumstances, fat cells can be overloaded with fat, such as triglycerides. As adipocytes
accumulate excess lipid, they start to degenerate and their normal function is distorted.
Degeneration creates signal which attracts inflammatory cells, such as macrophages, to gather
around cells. The macrophages releases cytokines, mainly TNF-a and Interleukin-1, into the
systemic circulation, creating the so-called silent inflammation that can be detected in people who
are obese or overweight. This chronic state of inflammation is a hallmark of the metabolic
syndrome, adding to the increased risk profile of obese people. Cytokines may be fundamentally
linked to the development of insulin resistance by inducing more production of hormone resistant
that prompts other tissues such as muscles to resist insulin. In addition, overfilling of triglycerides
leads to the deposition of fat in tissues that are not designed for lipid deposition, such as the liver
and muscle, which is another important mechanism in the development of insulin resistance.

Even though overloading of fat cell with triglycerides can be prevented by eating less
and exercising more, it is still not practical for many people. Another mechanism for preventing
lipid accumulation is the activation of lipid oxidation or fat burning. Various pharmaceutical

products and nutrients have been studied and used for the purpose of fat burning. Omega-3 fatty



acid is one of the widely known nutrients with many health benefits in cardiovascular health and
anti-inflammation. It is one of the recommended supplements to fight the silent inflammation in
metabolic syndrome. It would be of greater benefit if omega-3, while acting as anti-inflammatory
agent also exerts the property to reduce fat deposit of the fat cells. Studies of the metabolic
syndrome in an animal model have demonstrated that marine omega-3 fatty acid increased
oxidation of fatty acids, probably through genetically-induced proliferation mitochondria and
peroxisomes. Such findings and rationale ignites the interest to do further study of these effects in
human and see the benefit of marine omega-3 in fat burning.

While marine omega-3 is hypothesized to have been demonstrated to have the ability to
produce fat burning effect in rat model by increasing the proliferation of mitochondria and
peroxisomes, it was also known that the transport of long-chain fatty acid through mitochondrial
membrane requires carnitine as facilitator. Carnitine is essential in the conversion of long-chain
fatty acid t acylcoA and acylcarnitine form, to make it able to enter mitochondria for eventual
oxidation and involvement in energy production. This is another area of interest to see whether
the additional supplementation of L-carnitine can enhance the fat burning effect expected from
omega-3 fatty acid.

This research is designed based on the above rationale to study the effect of marine
omega-3 on lipid oxidation, or fat burn, and to see whether L-carnitine when taking together with
marine omega-3, can help to enhance the fat burning effect of marine omega-3 in subjects with

slightly overweight to overweight problem.

1.2 Reasons for conducting human study

1.2.1 Since the main interest on supplementation with omega-3 and omega-3 plus L-
carnitine are for the benefit of human’s health, a good human research show be of true value for
future medical application and further research.

1.2.2 The use of marine omega-3 and L-carnitine supplementation in human has already
be widely accepted and approved by FDA in many countries including Thailand. No serious side

effect has been reported and there should be least concern on the safety for subject in this study.



1.3 Research objectives

1.3.2 To study the effect of oral supplementation with marine omega-3 on lipid
oxidation (fat burn) in subject with body fat composition higher than optimum level.
1.3.2 To compare the fat burning effect of marine omega-3 alone with marine omega-3

plus L-carnitine.

1.4 Research questions

1.4.1 Can marine omega-3 reduce excessive body fat composition?
1.4.2 Does the combination use of L-carnitine and marine omega-3 give better effect on

the reduction of body fat composition than the use of marine omega-3 without combination?

1.5 Research hypothesis

1.5.1 Marine omega-3 supplement can help to reduce fat mass and % fat composition of
the body.
1.5.2 L-carnitine enhances the effect of marine omega-3 on fat mass and % fat

composition of the body, more than using marine omega-3 alone.

1.6 Conceptual framework

Excessive fat deposit in fat cell can lead to various complications that are detrimental to
health. Normal intracellular lipid oxidation occurs in mitochondria. Short-chain fatty acid can
enter mitochondria directly while long-chain fatty acid (LCFA) needs the help of L-carnitine to
facilitate its transport through mitochondrial membrane. However, very long-chain fatty acid
(VLCFA) has to be shortened in peroxisomes before it can enter mitochondria via the carnitine
shuttle. L-carnitine is known to be essential in the transport of long-chain fatty acid through

mitochondrial membrane for energy metabolism.



The conceptual framework for this study is based on the hypothesis that marine omega-3
can increase lipid oxidation or fat burning in fat cell by increasing the proliferation of
mitochondria and peroxisomes. At the same time, as L-carnitine is known to be essential in the
transport of long-chain fatty acid through mitochondrial membrane for energy metabolism,

additional supplementation with L-carnitine should help to enhance the fat burning effect.

Conceptual Model
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Figure 1.1 Conceptual model

A more elaborated illustration of the conceptual framework showing cell and its organelles

can be demonstrated as follow:
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Figure 1.2 Graphic illustration of conceptual model

1.7 Contribution of the study

The study result will be of value in anti-aging practice to keep body fit and healthy by
lowering the suboptimum fat composition, avoiding unwanted silent inflammation and other
degenerative complications.

This study can also lead to further studies in this area such as dose response efficacy or

the combination use with other supplements acting on energy metabolism.

1.8 Scope of research

Subject will be recruited from normal working people having fat composition above
optimum level as analyzed by Body Composition Analyzer. Forty random subjects, male and female

with the age of 25-55 will be recruited and divided into two groups, one group receiving marine



omega-3 alone, the other group receiving marine omega-3 with L-carnitine. Subjects will be required
to come back to the Mae Fah Luang university hospital for follow-up after 4 weeks and 8 weeks of
supplementation. Follow up measures will include general interview and Body Composition Analysis.
Data on Fat composition will be analyzed and compared within group, at 4" weeks, g" weeks, and

between groups at the same period of investigation.

1.9 Terms and definition

1.9.1 Marine Omega-3
Omega-3 fatty acid from marine source e.g. fish and shell fish. Omega-3 fatty acid is a

polyunsaturated fatty acid with many health benefits.

1.9.2 Essential Fatty Acid

Essential fatty acid is a fatty acid that cannot be synthesized in the body and must be obtained
from food source. There two essential fatty acids, linoleic acid (LA) and alpha-linolenic acid (ALA).
LA and ALA are widely distributed in plant oils. In addition, fish, flax, and hemp oils contain the
longer-chain omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).
Other marine oils, such as from seal, also contain significant amounts of docosapentaenoic acid
(DPA), which is also an omega-3 fatty acid. Although the body to some extent can convert ALA into
these longer-chain omega-3 fatty acids, the omega-3 fatty acids found in marine oils help fulfill the

requirement of essential fatty acids

1.9.3 PUFA
Polyunsaturated fatty acid (PUFA) is the fatty acid that contains one or more double bond in
the chemical structure, causing the fatty acid to exert different property from the saturated fatty acid,

which is fatty acid without double bond.

1.9.4 LCFA
Long-chain fatty acids (LCFA) are fatty acids with aliphatic tails longer than 12 carbons.

There are also other types of fatty acids categorized by the number of carbons in the structure as:


http://en.wikipedia.org/wiki/Linoleic_acid
http://en.wikipedia.org/wiki/Alpha-linolenic_acid
http://en.wikipedia.org/wiki/Eicosapentaenoic_acid
http://en.wikipedia.org/wiki/Docosahexaenoic_acid
http://en.wikipedia.org/wiki/Docosapentaenoic_acid
http://en.wikipedia.org/wiki/Aliphatic
http://en.wikipedia.org/wiki/Carbons

1.9.4.1 Short-chain fatty acids (SCFA) are fatty acids with aliphatic tails of fewer than
six carbons.

1.9.42 Medium-chain fatty acids (MCFA) are fatty acids with aliphatic tails of 612
carbons, which can form medium-chain triglycerides.

1.9.4.3 Very-long-chain fatty acids (VLCFA) are fatty acids with aliphatic tails longer

than 22 carbons

1.9.5 L-carnitine

L-carnitine is a protein that contains lysine and methionine amino acid. L-carnitine can
be synthesized in human body as well as can be obtained from food source. It plays major role in
the transport of long-chain fatty acid through mitochondrial member for lipid oxidation and

energy production.

1.9.6 Lipid oxidation
Lipid oxidation is the process of degrading lipid. In general word, it is also known as fat

burning.

1.9.7 Beta-oxidation

Beta oxidation is the metabolic process by which fatty acids are broken down in the
mitochondria and/or in peroxisomes to generate acetyl-CoA. It is a catabolism of fatty acids in
which the fatty acid chain is shortened by successive removal of two carbon fragments from the

carboxyl end of the chain


http://en.wikipedia.org/wiki/Short-chain_fatty_acid
http://en.wikipedia.org/wiki/Aliphatic
http://en.wikipedia.org/wiki/Carbons
http://en.wikipedia.org/wiki/Aliphatic
http://en.wikipedia.org/wiki/Carbons
http://en.wikipedia.org/wiki/Medium-chain_triglycerides
http://en.wikipedia.org/w/index.php?title=Very-Long-chain_fatty_acids&action=edit&redlink=1
http://en.wikipedia.org/wiki/Aliphatic
http://en.wikipedia.org/wiki/Carbons

CHAPTER 2

LITERATURE REVIEW

2.1 Marine omega-3

Fish oils were of great importance to human health because they contained special nutrient,
omega-3 fatty acid or marine omega-3. Researchers believed that most people were getting too much
of the wrong kinds of fats and needed the omega-3 from fish oil, marine omega-3 to balance the
family of fat nutrients (Passwater, 1987). Recently, much attention had been given to the potential
health benefits of omega-3 unsaturated fatty acids, particularly eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) from fish and fish oil (Zatsick & Mayket, 2007).

Polyunsaturated fatty acids (PUFAs) could be divided into two subcategories, the omega-3
and the omega-6 fatty acids. Both were considered as essential fatty acid, as they could not be
synthesized by humans and must be obtained through diet or supplementation. Studies showed inverse
relation between fish consumption and CHD death among population at higher risk of CHD. These
studies indicated that 40-60g fish consumed per day could reduce the risk of death by 40% to 60%.
Many clinical and epidemiologic studies had shown positive roles for omega-3 fatty acid in infant
development, cancer, cardiovascular diseases, hyperlipidemia, various mental illnesses including
depression, attention-deficit hyperactivity disorder and dementia (Riediger, Othman, Suh,
Moghadasian, 2009). Omega-3 fatty acid was known to have effects against inflammation, platelet
aggregation, hypertension and hyperlipidemia, of which the beneficial effect were exerted through
several distinct mechanisms, including alterations in cell membrane composition and function,
(Clandinin, Jumpsen & Suh, 1994) gene expression, or eicosanoid production (Simopoulos, 1999).

There were three major dietary omega-3 fatty acids: Ol-linolenic acid (ALA) (C18:3),
eicosapentaenoic acid (EPA) (C20:5) and docosahexaenoic acid (DHA) (C22:6). Eicosanoids,

produced by both omega-6 and omega-3 fatty acids were involved in the regulation of inflammation,



platelet aggregation and vasoconstriction/dilation. Both EPA and omega-6 arachidonic acid (ARA)
(C20:4) competed for the common cyclooxygenase and lipoxygenase enzymes, making the ratio of
omega-6: omega-3 fatty acid a determining factor for the outcome of the enzymatic pathway. As ARA
produced more potent inflammatory and pro-aggregatory eisocanoids compared to EPA, it would be
of particular importance when there was an abundance of omega-6 fatty acids and the scarcity of
omega-3 fatty in our diet (Simopoulos, 2002).

Cardiovascular benefit of omega-3 fatty acid might be mediated through the modification of
lipoprotein profile. Supplementation with 4g/day EPA decreased triglyceride levels by 23% (Mori et
al., 2000) in subject with mild hyperlipidemia and by 12% (Grimsgaard, Bonaa, Hansen & Nordoy,
1997) in healthy subjects. Supplementation with DHA alone or in combination with EPA (1,252 mg
total) in subjects with hypertriglyceridemia resulted in similar reductions in plasma triglyceride levels
(21.8%) (Schwellenbach et al.,, 2006). Another study demonstrated the effect of 2 to 4 g/day
EPA+DHA in lowering plasma triglyceride level by approximately 25% to 30% (Kris-Etherton,
Harris, Appel, 2003). An increase in Apo lipoprotein B concentrations following omega-3 fatty acid
supplementation had been observed in elderly subjects (Goyens & Mensink, 2006). Omega-3 fatty
acid was also associated with the risk for cardiovascular diseases in healthy volunteers and patients
with familial hyperlipidemia (Breslow, 2006). However, meta-analysis demonstrated that EPA +
DHA intake produced a clinically significant dose-dependent reduction of fasting blood TAG but not
total HDL or LDL cholesterol in hyperlipidemic subjects (Eslick, Howe, Smith, Preist & Bensoussan,
2009). The target EPA-DHA consumption should be at least 500 mg/day for individuals without
underlying overt CV disease and at least 800 to 1,000 mg/day for individuals with known coronary
heart disease and heart failure (Lavie, Milani, Mehra & Ventura, 2009). The American College of
Cardiology (ACC) in conjunction with the American Heart Association (AHA) recommended the
intake of 1 g/day of long chain omega-3 fatty acids for the prevention of cardiovascular disease
(Eslick et al., 2009).

Omega-3 fatty acids from fish oil decreased the production of inflammatory cytokines and
eicosanoids, acting both directly (replacing arachidonic acid as an eicosanoid precursor) and indirectly
(altering the expression of inflammatory genes through effects on transcription factor activation). It
was found to be a useful anti-inflammatory agents and could be of benefit in patients with chronic

inflammatory diseases or at risk of hyperinflammation and sepsis (Calder, 2008).
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Omega-3 fatty acid from fish oil significantly inhibited synthesis of TNF-QL and IL-1 in
severe heart failure and was found to improve body weight. The anabolic changes was found to
be directly proportional to the magnitude of decrease in cytokine production (Mehra, Lavie,
Ventura & Milani, 2006). Omega-3 fatty acid was recognized as a potential nutritional factor
affecting fat distribution and abdominal fatness. It was found that feeding rats with fish oil,
sunflower oil, and lard showed no significant difference in fat cell number, but adipocytes were
significantly smaller in fish oil fed rats (Wahlqvist Hodgson, Ng, Hsu-Hage & Strauss, 1999).
Supplementation with Ol-linoleic acid-rich diacylglycerol was found useful in the prevention of
fatty liver formation. This effect could be related to the stimulation of lipid catabolism in the
liver, increasing hepatic p-oxidation by 107% (Murase, Aoki & Tokimitsu, 2005).

Controlled clinical studies with marine omega-3 fatty acids containing DHA had
demonstrated weight reduction and decreased serum levels of triglycerides and unesterified fatty
acids, as well as positive effects on other cardiovascular effect, such as blood pressure. Animal
studies demonstrated higher lipid oxidation and reduced abdominal fat volume, but not
subcutaneous fat (Rossmeisl, 2009). Omega-3 fatty acid prevented weight gain and prevented
glucose intolerance with shown lowered fasting glycemia, plasma insulin, triacylglycerols, and
non-esterified fatty acids. The antiadipogenic effect of EPA/DHA might involve a metabolic
switch in adipocytes which enhanced B-oxidation and upregulation of mitochondrial biogenesis
(Flachs et al., 2005).

Dosage recommendations for omega-3 fatty acids and fish (Kris-Etherton, Grieger &
Etherton, 2009).

For primary prevention of CVD

500 mg/day of EPA+DHA
(2 servings per week of oily fish would provide 400-500 mg/day of EPA+DHA)
(Harris, Kris-Etherton & Harris, 2008).
For primary prevention of CVD
250 mg/day of EPA+DHA (Mozaffarian & Rimm, 2006).
For primary prevention of CHD death and after a coronary event

250-500 mg/day of EPA+DHA (Deckelbaum et al., 2008).
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For women of child bearing age and nursing mothers,
consume 2 seafood servings/week, limiting intake of selected species (high in methyl
mercury) (Mozaffarian & Rimm, 2006).
For vegans,
take 24 g of ALA per day, and 100-300 mg/day of DHA.

Some preliminary recommendations advised 2—-3 servings/week of fish to lower risk of
Alzheimer’s disease, and cognitive decline with aging.

Omega-3 fatty acids could improve psychotic, depressive, and aggressive symptoms in
severe patients. For postpartum depression and bipolar depression 0.15% of energy from
EPA-+DHA showed major benefits (Hibbeln, Nieminen, Blasbalg, Riggs & Lands, 2006).

The potential adverse effect of omega-3 fatty acid was minor and non-harmful since the main
sources were fish or fish oil. Nausea and fishy burps might accompany regular use of supplements.
Certain types of fish were high in methyl-mercury, e.g. shark, swordfish, king mackerel and tile fish,
could lead to mercury poisoning with regular consumption of that type of fish. (Food and Drug
Administration, 2004) Less mercury was found in fish oil alone compared to fish meat (Foran, Flood
& Lewandrowski, 2003). Only little risk of excessive bleeding could be found with moderate omega-3

fatty acid intake (Harris, 2007).

2.2 L-Carnitine

Carnitine was first discovered by two Russian scientists in 1905 (Leibovitz, 1998), and
was so named from the Latin caro, caronis (meaning fresh or meat). It was once named as
vitamin BT by Fraenkel, who found that carnitine was necessary for the meal worm Tenebrio
molitor. The important breakthrough was discovered in 1959 when Fritz discovered that carnitine
stimulated the rate of fat burning (beta-oxidation) of long-chain fatty acid (LCFA) in the heart
and other muscles (Fritz, 1959).

Carnitine is chemically termed 3-hydroxy-4-N-trimethyl amino butyric acid (Haeckel,
Kaiser, Oellerich & Siliprandi, 1990). Human synthesized L-carnitine endogenously from L-lysine
and L-methionine, and could also obtain from diet (Vaz, van Gool, Ofman, Ijlst & Wander, 1998).

The endogenous synthesis of L-carnitine involved five separate enzymatic steps and required the two
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amino acids, L-lysine and L-methionine together with the co-factors, ascorbic acid, iron, niacin and
pyridoxine. Animal tissues such as beef and pork muscle generally contained high level of L-carnitine,
while plant derived food are usually poor sources (Maher, 2001). Although mammals can synthesize
some L-carnitine, eating strict vegetarian diet may deprive some tissues of the required amounts of L-
carnitine, particularly during exercise, stress or various disease states.

The average adult body contained about 25 g of L-carnitine, of which 95% were found
in muscles. L-carnitine was absorbed via a stereoselective active transport system located in the
intestinal mucosa of duodenum and ileum (Hamilton, Li, Shug & Olsen, 1986). In addition,
passive diffusion of L-carnitine had also been demonstrated in the intestine, but with significance
only when it was ingested in large amount. The normal plasma carnitine concentration for healthy
men was 59 umol/L, and in healthy women was 51pumol/L, while children tended to have a lower
range of 36-41 pmol/L. Bach found that after administering 2 g of L-carnitine orally to healthy
volunteers, plasma levels increased to an average of 69 wmol/L (Bach, Schirardin, Sihr & Storck,
1983). It should also be noted that the unnatural D-isomer inhibited the absorption of the
physiologically active L-isomer (Maher, 2001).

The tissue concentration of L-carnitine was generally several-fold higher than those in
plasma. The concentration in skeletal muscle was approximately 70 times greater than plasma level.
Skeletal muscle and heart held approximately 95% of total storage, with 4% in kidney and other
tissues, and the remaining 1% in extracellular fluid (Maher, 2001). L-carnitine was mainly excreted
via renal excretion, and was also highly conserved by kidney. Hyperthyroidism could increase the
urinary excretion of carnitine, while hypothyroidism decreased excretion. The plasma half-life of L-
carnitine was estimated to range from two to 15 hours in human. L-carnitine passed the placenta and
could be delivered via breast milk.

L-carnitine facilitated long-chain fatty acid (LCFA) transport through mitochondrial membrane
for their oxidation and energy production. LCFAs could not traverse the mitochondrial membrane by it
self. LCFAs activated on the outer mitochondrial outer membrane by long-chain acyl-CoA synthetase
(LCAS) were still not permeable through the mitochondrial inner membrane. These beta-oxidative
chain-shortening were preceded by the carnitine-dependent transport of activated fatty acids into the
mitochondrial matrix. This transport system consisted of three proteins, carnitine palmitoyltransferase I

(CPT-I), acylcarnitine:carnitine translocase (CACT), and carnitine palmitoyltransferase II (CPT-II), each
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with a different submitochondrial outer membrane. (Steiber, Kerner & Hoppel, 2004) The
pharmacologic action of L-carnitine could be described as (1) metabolic action, such as the role in lipid
and glucose metabolism, and (2) biophysical action, such as those stemming from physico-chemical
interactions between L-carnitine and plasma membrane lipid components. (Arduini, Bonomini, Savica,
Amato & Zammit, 2008)

The role of carnitine in long-chain fatty acid oxidation was well defined. Evidences showed
supported a role for the voltage-dependent anion channel in the transport of acyl-CoAs through the
mitochondrial outer membrane. (Steiber et al., 2004) Recent reported data had also shown the role of
carnitine and the carnitine transport system in the interplay between peroxisomes and mitochondrial
fatty acid oxidation. There were also reports showing L-carnitine’s buffering of acyl-CoA/CoA that
reflects intracellular metabolism.

A detailed study on metabolic effect of L-carnitine in the heart of normal working rat had
shown the effect of L-carnitine to enhance glucose consumption by stimulating flux through
pyruvate dehydrogenase (Broderick, Qunney & Lopaschuk, 1992). Studies demonstrated
conclusive evidence that L-carnitine stimulated fatty acid oxidation in healthy (Muller, Seim,
Kiess, Loster & Richter, 2002) or overweight subjects (Wutzke & Lorenz, 2004). Researcher
also found that supra-physiological levels of L-carnitine might alleviate impairment of the
proximal components of the insulin signaling cascade in the skeletal muscle of insulin-resistant or
Type-2 diabetic patient (Arduini et al., 2008) (Figure 1.1). Other roles of L-carnitine included
buffering of the acyl coenzyme A (CoA)-CoA ratio, branched chain amino acid metabolism,
removal of excess acyl groups and peroxisomal fatty acid oxidation (Hoppel, 2003).

The administration of L-carnitine in aged rats at the dose of 300mg/kg body weight,
demonstrated time —dependent normalization of the abnormally elevated lipid peroxides. It was also
shown to reduce lipid peroxidation, elevation of glutathione peroxidase activity and ascorbic acid
content (Kalaiselvi & Panneerselvam, 1998). In human, disorders of fatty acid oxidation and
metabolism such as increased lipolysis, increased lipid peroxidation, accumulation of acylcarnitines,
and altered membrane permeability, were found to be typically associated with primary and secondary
form of carnitine deficiency (Hoppel, 2003). Therapeutic administration of carnitine showed promise

in treating selected groups of patients having altered carnitine homeostasis, resulting complications.
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From Arduini, A., Bonomini, M., Savica, V., Amato, A. & Zammit, V. (2008). Carnitine in metabolic
disease: Potential for pharmacological intervention. Pharmacology & Therapeutics, 120(2),

149-156.

Figure 2.1 Effects of L-carnitine
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L-carnitine (2g per day in two equally divided dose, morning and evening) was found to
significantly lower the plasma lipoprotein(a) level compared to placebo in 94 selected
hypercholesterolemic patients with newly diagnosed type-2 DM, after 3 and 6 months (Derosa
et al., 2003).

Evidence were reported that L-carnitine improves sperm motility, with increased
relationship between PHGPx (phospholipid hydroperoxide glutathione peroxidase) content and
sperm motility after carnitine supplementation (Garolla et al., 2005).

The observed safe level (OSL) risk assessment method indicated that strong safety
evidence for the intakes of up to 2000 mg per day of L-carnitine equivalents for long-term
supplementation. Although much higher doses had been tested without showing adverse effect
and might be safe, the data were still not sufficient for confident conclusion of long-term safety at

higher dose level (Hathcock & Shao, 2006).

2.3 Fat and adipose tissue

Fat tissue serves a series of functions that are important for normal life, its primary role
being to act as a depot when too little food is available. As a part of our immune system, fat cells
are protecting us from developing Type 2 diabetes. This function only occurs, however, when
they are small and not distended by fat overloading. Abdominal fat cells are the most dynamic
ones and experiments have demonstrated that the omega-3 fatty acid DHA (docosahexaenoic
acid) can reduce fat cell size even without body weight reduction.

The main storage compartment for fatty acid in human was adipose tissue which was
currently found to hold many key roles in metabolism and signaling (Mohamed-Ali, Pinkney &
Milani, 1998). A lean man has approximately 18% body weight as fat compared to 30% in an
obese man (Jensen, 2002). Recent research showed that t1/2 of adipose tissue fatty acid,
demonstrated by stable isotope technology to be between 6 and 9 months, reflects an integrated
measure over 1-1.5 years intake (Strawford, Antelo, Christiansen & Hellerstein, 2004). Since
approximately 99% of adipose tissue was Triacylglycerols (TAG) in healthy adults, with
cholesterol (0.3%) and phospholipid (<0.1%) making minor contribution, the total or (TAG) fatty

acid composition of adipose tissue is typically measured (Hirsch, Farquhar, Ahrens Jr, Peterson
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& Stoffel, 1960). In general, the fatty acid composition of subcutaneous adipose tissue taken from
sites such as buttock, abdomen, or upper arm appeared to be similar. However, a few studies
reported small (between 2%-10% differences in the proportions of saturated fatty acid (SFA) and
monounsaturated fatty acids (MUFA) with abdomen having higher SFA and MUFA than the
buttock (Hodson, Skeaff & Fielding, 2008).

Fatty acids were released from adipose tissue TAG stores bye the action of lipases into
the venous effluent and were transported in plasma as a complex with albumin. A TAG molecule
was formed from a glycerol backbone with three fatty acids attached. The majority of TAG in
fasting plasma was usually carried in very low density lipoprotein (VLDL) particles. The fatty
acid composition of plasma TAG had been reported to represent dietary intake from the

preceding day(s) (Hodson et al., 2008).

2.4 Bioelectrical Impedance Analysis (BIA)

Bioelectrical impedance analysis (BIA) was a method of measuring body composition
e.g. fat mass, predicted muscle mass, etc., by measuring bioelectrical impedance in the body. Fat
within the body allowed almost no electricity to pass through, while electricity passed rather
easily through water, much of which was found in muscles (Tanita, 2008). BIA was based upon
the relationship between the volume of the conductor (i.e., the human body), the conductor’s
length (i.e., the subject’s height), the components of the conductor (i.e., fat or FFMs) and its
impedance. BIA assumed that volume of a conductor could be deducted from measurements of
its length and resistance. The overall conductivity of human body was closely related to lean
tissue and had been validated with criterion methods such as hydrodensitometry and skinfold
measurement. It had been used in a range of specific groups including the elderly, children and
adolescents, the overweight, middle-aged, malnourished, dialysis patients, infants for nutritional
analysis, during growth, in eating disorders, for cancer patients, in ethnic groups and in patients
with cystic fibrosis. Although the standard error of estimates was at best reported as 2.5% in
humans, its advantages such as speed of operation, safety, probability and lack of intrusion made

it an ideal tool for epidemiological investigations (Brodie, Moscrip & Hutcheon, 1998).
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Body fat percentage is the amount of body fat as a proportion of your body weight.
Reducing excess levels of body fat has shown to reduce the risk of certain conditions such as high blood
pressure, heart disease,diabetes and cancer. The chart below shows the healthy ranges for body fat.
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CHAPPTER 3

RESEARCH METHODOLOGY

3.1 Population and sample size

Study population
Normal working people in Bangkok, male and female, between 25-55 years of age, who
agreed to join the study voluntarily and were analyzed as having % fat composition above

optimum, 18% in male and 22% in female.

3.2 Sample size calculation

Sample size is defined by the following formula

n= 27
4d2
Set confident interval at 95 % Ol = 0.05
(P=0.5Q=0.5:PQ=0.25="%)
d=20%
n = 17 subjects per group

Set allowance for 20% drop out rate: Sample size will be 20 subjects per group. Hence,

total sample size is 40 subjects; 20 per group.
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3.3 Type of research

3.3.1 Experimental research: Human, randomized, controlled, clinical trial. 8" weeks follow
up for result.

3.3.2 Study variables

3.3.3 Independent variables are the treatment given.

3.3.4 Dependent variable is the change in body fat composition.

3.4 Selection of sample

Sample will be randomly recruited from working people in the business area, shopping
malls and office building in Bangkok. After subjects have been clearly explained on the purpose
of the study, subjects will be given a preliminary test using Body Composition Analyzer to see if
inclusion criteria are met. After being enrolled into the study, subject will be randomly assigned
to each group of the two treatment groups, one group receiving Marine omega-3 and the other

group having Marine omega-3 plus L-carnitine.

3.4.1 Inclusion criteria

3.4.1.1 Male or female at the age of 25-55 years.

3.4.1.2 Each subject voluntarily agrees to participate in the research and signs
informed consent form at the beginning of the study.

3.4.1.3 Subject has fat composition above 18% in male, and 22% in female, or BMI
above 22.

3.4.1.4 Subject can attend follow-up visit that will be set at the end of 4th week and
8th week.

3.4.1.5 Subject will stop taking all other medication or supplements that can affect

the lipid and energy metabolism during the 8 weeks period.
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3.4.2 Exclusion criteria
3.4.2.1 Subject of known allergic to fish, sea food, omega-3 and L-carnitine.
3.4.2.2 Subject who is taking drugs acting on energy and fat metabolism e.g.
patients who are under weight loss medication, patient with thyroid hormone medication.
3.4.2.3 Subject with known abnormality of thyroid, and liver function.
3.4.2.4 Pregnant women and breast feeding mother are excluded from the study.

3.4.2.5 Professional athletes will be excluded.

3.5 Research tools

3.5.1 Marine omega-3 licap (double strength; 500 mg capsule containing 300 mg
omega-3)

3.5.2 L-carnitine tablets (L-carnitine 250mg + alpha lipoic acid 125 mg)

3.5.3 Body Composition Analyzer — TANITA Model SC331-S

3.5.4 Research protocol declaration

3.5.5 Informed consent form

3.5.6 Investigator record form

3.5.7 Volunteer’s Self-assessment form

3.6 Research procedure

3.6.1 Recruit subject into the research using the inclusion criteria as guideline.

3.6.2 Investigator explains purpose and procedure of the research to subjects in detail

3.6.3 Investigator gets subject to sign inform consent form and fill in the personal data
in research record form.

3.6.4 Investigator checks subject’s body composition and interviews subjects on general
information, lifestyles, medical history. Investigator keeps records of all data obtained in research

record form.
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3.6.5 Investigator randomly assigns subject into group of study protocol, and gives
subject the supplement to take.

3.6.6 Investigator explains the proper use of the supplement, its benefit and possible
side effect to subject. The supplement given will be enough for the period of 4 weeks, when
subject are required to come back for follow up.

3.6.7 Subject comes back at the end of the 4th week and 8th week for follow up. At each
follow-up visit, investigator will interview subject on diet and daily behavior for the past 4 weeks
together with performing body composition test, and make record.

3.6.8 At the end of 8th week, subjects are also required to fill up a self-assessment

questionnaire.

3.7 Ceriteria to withdraw from the study

3.7.1 Subject wants to withdraw from the study with personal reason.

3.7.2 Subject encounters severe side effect from the medication used in the study.

3.7.3 Subject becomes sick from disease with moderate to severe degree that may
interfere with the study result.

3.7.4 Subject fails to follow-up on the preset schedule.

3.8 Result Evaluation

3.8.1 Measurement of fat composition
Fat mass and % Fat composition will be measured by Body Composition Analyzer
(TANITA Model SC331-S: Tetra polar Bioelectrical Impedance Analysis) BMI will be

calculated using the formula: Weight (kg.) divided by Height2 (m’)

3.8.2 General assessment by researcher

Evaluation by volunteer using self-assessment questionnaire
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3.9 Data collection

Investigator will perform data collection upon each follow-up visit.

3.10 Statistics used for data analysis

3.10.1 Use descriptive statistics to demonstrate data characteristics

3.10.2 Compare mean of Fat composition and BMI at TO and T2 (8th week) in each
group by using paired t-test, if there is normal distribution in the data, other wise Wilcoxon
matched pair sign rank test will be used.

3.10.3 Compare the mean of change in Fat composition and BMI during TO and T2,
between the two groups using repeated measure ANOVA.

3.10.4 Analyze self-assessment evaluation by descriptive statistics



CHAPTER 4

RESULT

Result of the study is analyzed and report in three section, subject charactereristics data,

study result and patient satisfaction.

Table 4.1 Subject characteristics at start

N Mean SD Minimum Maximum
Age Omega-3 ((03) 22 35.68 6.1130 24.00 48.00
(3+Carnitine 20 35.25 7.0550 26.00 52.00
Total 42 35.48 6.5000 24.00 52.00
Weight Omega-3 ((03) 22 67.56 11.5578 53.60 100.80
(3+Carnitine 20 71.40 12.3159 54.90 104.50
Total 42 69.39 11.9362 53.60 104.50
Body Fat  Omega-3 ((03) 22 34.53 7.4389 15.90 50.20
(3+Carnitine 20 33.33 8.5107 19.00 50.00
Total 42 33.96 7.8918 15.90 50.20
Visc Fat  Omega-3 ((03) 22 7.46 2.4442 4.00 13.00
(3+Carnitine 20 8.85 3.4834 5.00 18.00
Total 42 8.12 3.0300 4.00 18.00

Subjects were mostly female, 78.6 %. Age range were in range of 24-52 years of age,
with a mean of 35.48 years of age. All subjects were working people having lifestyle and work

habit that could be classified as active type, walking around or standing, 76.2%, and passive type,
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sitting, 33.8%. Initial weight was in the range of 53.6 — 104.5 kg, with the mean of 69.39 kg.
Body fat ranged from 15.90 — 19.00 % of body weight, with the mean of 33.96 %. Visceral fat

was also measured for all subjects, ranging from 4.0 — 12.0, with the mean of 8.12

Table 4.2 Subject characteristics 2

Sex Total Action
Group Total
Male Female Active Passive
Omega-3 (w3) 3 19 22 17 5 22
w3+Carnitine 6 14 20 15 5 20
Total 9 33 42 32 10 42
Physical Rating
Group Total
Obesel Obese2 Obese3 Health5 Healthé6
Omega-3 (w3) 4 5 2 5 6 22
w3+Carnitine 4 5 3 4 4 20
Total 8 10 5 9 10 42

@9 Physique Ratings
=1 B B

il BN |
=i

Low Muscie Mass High

- f— Index —_—
d@llREpresents fat Represents muscle

Figure 4.1 Physical rating guide
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The analysis of subject characteristics between the two groups, group taking Omega-3
only and group taking Omega-3 with L-carnitine showed that there was no significant difference
in the characteristics in term of age, weight, body fat and visceral fat of subjects between the two
groups. Subject characteristics on gender, lifestyle action and physical rating were also collected
and shown on table 4.2

During the study, subjects were advised to take Omega-3 or Omega-3 plus L-carnitine
daily while keeping normal lifestyle. All parameters were evaluated at the end of 4" week and 8"

week. Data on body fat percentage and visceral fat were shown in table 4.3

Table 4.3 Parameter monitoring of the Omega-3 group at TO (starting point), T1 (4" week) and T2 (8"

week)
Omega-3 Group
N Mean SD Minimum Maximum
Body Fat TO 22 34.53 7.4389 15.90 50.20
Tl 22 34.28 7.5483 14.00 49.30
T2 22 34.90 7.6089 13.00 48.80
Weight TO 22 67.56 11.5578 53.60 100.80
T1 22 67.55 11.2847 53.90 99.10
T2 22 67.75 10.9411 54.40 98.00
Visceral Fat TO 22 7.45 2.4442 4.00 13.00
T1 22 7.41 2.4623 4.00 13.00

T2 22 7.45 2.4636 4.00 13.00
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Table 4.4 Parameter monitoring of the Omega-3 plus L-carnitine group at TO (starting point),

Tl (4‘h week) and T2 (Sth week)

Omega-3 plus L-carnitine Group

N Mean SD Minimum Maximum
Body Fat TO 20 33.33 8.5107 19.00 50.00
T1 20 33.31 8.6229 20.20 51.30
T2 20 33.44 8.7540 19.90 50.80
Weight TO 20 71.40 12.3159 54.90 104.50
Tl 20 71.61 12.5601 54.60 106.40
T2 20 71.61 12.5703 54.90 106.30
Visceral Fat TO 20 8.85 3.4834 5.00 18.00
Tl 20 8.80 3.3966 5.00 18.00
T2 20 8.85 3.4378 5.00 18.00
Body Fat
36.00
35.00 34753 3490
o ECT——
L 34.00
'-E — = —ill 33.44
g 33.00 3333 3331
[an]
L
32.00
31.00
30.00 : :
TO T1 T2
Period

—— Omega-3 —®— Omega-3 + L-Carnitine

Figure 4.2 Mean body fat comparison within group and between group
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Result from eight weeks of administration with the two regimens of supplement

demonstrated minimal change in all three parameters measured at TO, T1 and T2 in both group.

Statistical analysis showed that there was no statistical signifant in % Body Fat between TO and

T2 of the group receiving Omega-3. The other group receiving Omega-3 with L-carnitine also
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showed no statistical difference in % Body Fat between TO and T2. There were also no statistical

significant difference in weight between T0O and T2 in both groups.

Table 4.5 Body fat change in male versus female

N Mean SD Minimum Maximum
Body Fat Change Male 9 -0.3111 1.35411 -2.90 1.30
TO-T2 Female 33 0.4697 0.84502 -1.80 1.60
Total 42 0.3024 1.01007 -2.90 1.60

An interesting observation was that there was a statistically signicant difference in the Body
Fat Change between different gender. From the overall data of both groups combined Male subjects
showed significant reduction in Body Fat when compare to female subjects (p<0.038).

Self-assessment data were grouped into the compliance & safety parameters, effectiveness
and overall attitude towards the treatment as shown in figure 9, 10, 11. Comparative analysis between

the two groups showed no significant difference in all parameters from the questionnaire.

Table 4.6 Comparative self-assessment data on safety between the two groups

Group N Mean SD

Nausea Omega-3 (03) 21 1.24 0.625
M3+Carnitine 18 1.06 0.236

Vomit Omega-3 (03) 21 1.14 0.478
M3+Carnitine 18 1.00 0.000

Constipation Omega-3 (03) 21 1.29 0.717
M3+Carnitine 18 1.50 0.857

Loose stool Omega-3 (03) 21 1.33 0.730
M3+Carnitine 18 1.33 0.686

Oily skin/hair Omega-3 (03) 21 1.57 0.746

®3+Carnitine 18 1.61 0.979
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Group N Mean SD
Loss appetite Omega-3 (03) 21 1.14 0.478
M3+Carnitine 18 1.28 0.752
Appetite Omega-3 (03) 22 2.23 1.193
M3+Carnitine 18 2.44 1.199
Itching Omega-3 (03) 21 1.05 0.218
M3+Carnitine 18 1.00 0.000
Headache Omega-3 (03) 21 1.33 0.796
M3+Carnitine 18 1.11 0.323

Arrhytmia Omega-3 (®3) 22 1.27 0.631
M3+Carnitine 18 1.11 0.323

Table 4.7 Comparative self-assessment data on effectiveness between the two groups

Group N Mean SD
Body Firmness Omega-3 (03) 22 2.36 1.002
M3+Carnitine 18 2.56 1.149
More active Omega-3 (03) 22 2.91 0.921
M3+Carnitine 18 2.78 1.003
Endurance Omega-3 (03) 22 2.86 1.125
M3+Carnitine 18 3.00 1.138
Smaller waist Omega-3 (®3) 21 2.33 0.913
M3+Carnitine 18 2.61 0.850
Energized Omega-3 (03) 22 3.05 0.899
M3+Carnitine 18 3.06 1.259
Overall Satis Omega-3 (03) 22 3.95 0.722
M3+Carnitine 18 3.89 0.758
Satis Rate Omega-3 (03) 21 6.76 0.889
M3+Carnitine 16 6.94 1.302
Will continue Omega-3 (03) 22 3.86 0.889
M3+Carnitine 18 3.67 1.029
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In order to evaluate subject assessment on overall treatment containing Omega-3, data
analysis based on all subjects was conducted. Almost all subjects, 98.5%, reported ease of taking
the supplement provided and 77.5% reported convenience to carry along. Noticable adverse
reaction was nausea which was reported by 2 cases (5.1%) as moderate, and another 2 cases as
slightly. Fishy smell was reported by 17.5%, while 35% reported as having slight smell after
taking the supplement. Constipation was felt by 25.6% of subject while lose stool was also

reported by 20.5%.
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Figure 4.5 Self-assessment on compliance
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Figure 4.6 Self-assessment on compliance (2)
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Figure 4.7 Self-assessment on adverse reaction
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Oily skin and hair was also reported by 38.5% of subject. Two subjects reported having

accelerated heart rate.
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Figure 4.8 Self- assessment on adverse reaction (2)
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45.0% of subjects felt that they better digestion and freshing feeling after taking the
supplements causing them to have better appetite, while 20% felt only slightly appetite. Two

cases reported loss of appetite, and 3 cases felt slightly loss of appetite.

63.5% reported that they feel more active while 45% felt that they have better endurance.
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Figure 4.9 Self-assessment on appetite
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Subjects were asked to assessment body firmness and shape. 55% of subjected felt that

their bodies were more firm which 83.8% could be noticed from the 4" week, while 6.5% noticed

from the first week and 9.7% noticed from the second week of treatment.

Body Firmness
501
40
€ 307
Q
o
S
(]
o
20
10
0 T T T T T
Gain w eight No change Slightly Firm Moderately Firm Very Firm
Body Firmness
Firm since
40
30
-
c
[]
2
o 20
o
107
0 T T T T T
1wk 2wk 4wk 6wk 8wk
Firm since

Figure 4.11 Self-assessment on body firmness
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43.6% of subjects felt that they have smaller waist from slightly smaller to much

smaller. Smaller waist could be felt from the second week of treatment in 96.4% of subjects.
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Figure 4.12 Self-assessment on waist size
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62.5% of subjects reported elevated energy level, of which 77.4% of those who noticed

elevated energy level could felt from the forth week of treatment, while 6.5% felt from the first

week and 16.1% could felt from the second week.
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Figure 4.13 Self-assessment on effectiveness energy
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Upon the questions whether subject would continue to take the supplement, 70% expressed

the willingness to continue, and 20% answered that they might consider to continue.
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Figure 4.14 Subject willingness to continue to take the supplements



CHAPTER 5

CONCLUSION AND DISCUSSION

5.1 Discussion

Marine omega-3 had been demonstrated to promote higher lipid oxidation and reduced
abdominal fat volume (Rossmeisl, 2009). It was also shown to prevent weight gain and glucose
intolerance with the mechanism that might involve a metabolic switch in adipocytes which
enhanced B-oxidation and upregulation of mitochondrial biogenesis (Flachs et al., 2005).

Our study in normal subject with body fat percentage level in the range between healthy
borderline level to overfat and obese was conducted to compare the effect of marine omega-3 alone
to the effect of marine omega-3 in combination with L-carnitine, given on a daily basis for eight
weeks. Result of the study did not demonstrate statistically significant change in body fat
percentage, weight or visceral fat mass before the treatment either with the marine omega-3 group
or marine omega-3 in combination with L-carnitine group. There was also no statistically significant
different in the degree of change between the two groups. Since subjects in the study were normal
working people having normal lifestyle, the diet control could be an important factor that might
affect the efficacy of the treatment given. However, it was the intention of the investigator to
measure the effect of the two regimens of treatment in normal lifestyle. It was also noticeable that
previous studies done on the lipid oxidation and reduction of body fat (Rossmeisl, 2009) or the
prevention of weight gain by marine omega-3 (Flachs et al., 2005) were all conducted in animal
model. The animal model study could provide better control on interfering environmental factors,
especially diet and daily activities, so that measurement of the treatment result could be seen more
precisely. In human study there can be more confounding factors such as diet control, daily time
schedule and meal time and level of daily activities. Moreover, external environment might also

affect the personal factors such as weather change, seasonal holidays which can greatly affecting
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lifestyles and diet during the period. Since the purpose of this study was to compare the effect of
omega-3 versus omega-3 in combination with L-carnitine, no placebo control group was assigned. It
might be interesting to see how placebo group would respond to the same regimen in the same
period of study, as there were quite a number of seasonal holidays during the study which might
affect the body fat percentage and weight directly.

Despite the non-significant different in the objective measurement on body fat percentage
and weight change in the two groups of subjects, self-assessment questionnaire revealed interesting
feeling and perception of the subjects towards treatment received. Strong response on body change,
body firmness (55% response with 83.8% felt from 4" week) and waist reduction (43.6% response
with 96.4% felt from 2™ week), as well as the response on performance, feel more active (63.5%
more active, 45% better endurance), energized (62.5% more energized 83.8% noticed from the 4"
week), could lead to further study in a controlled environment. The contradicting response on
appetite (45% better appetite, 12.8% loss appetite) could also lead to further investigation on
appetite effect that could be caused by the action omega-3 and L-carnitine individually. The overall
satisfaction especially the willingness to continue, 90% overall, could demonstrate subjects attitude
towards the treatment received as strongly positive and could be viewed as safe.

Human research on the effect of marine omega-3 were shown to increase basal fat
oxidation and negatively impact BMI in obese women under controlled environment, being
inpatient and consumed very low carolie diet (Kunesova et al., 2006). These studies suggested that
long-chain omega-3 fatty acid could induce weight loss in obese female treated with very low
carolie diet. Omega-3 fish oils was also shown to decrease TNF-OU production in heart failure
patient and also improve body weight at the same time (Mehra et al., 2006)

Omega-3 was known to be quite safe to use as dietary supplement. Finding from this study,
based on self-assessment questionnaire, showed that adverse reaction were relatively low to none.
The adverse reactions found were of no serious concern. Reported adverse reaction included nausea,
fishy smell, oily skin and hair, palpitation, constipation and loose stool. The incidences of these
adverse reactions were not different between the two groups in the study, leading to the implication
that these effects, if it was from the treatment, might be from omega-3 rather than L-carnitine.
Previous studies and reviews on omega-3 also showed that side effects were uncommon but might

include a fishy aftertaste and gastrointestinal disturbances such as nausea, bloating, and belching
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(Zatsick & Mayket, 2007). L-carnitine administration in humans had been reported to cause very
few side effects. In studies that involved doses as high as 15 g daily, research reported excellent
tolerance and only occasional gastric upset and diarrhea. When 2 g of L-carnitine was administered
for one year to more than 4,000 patients, the incidence of gastric upset, nausea, and diarrhea was 6
percent, 5 percent, and 2 percent, respectively (Maher, 2001).

The effect of L-carnitine when added to omega-3 had not been clearly indicate from this
study result as there was no significant difference between the two groups in the study. A similar result
was reported in a study on the effect of carnitine on fat oxidation and body composition showing that
carnitine induce fat oxidation, while the body composition parameters, Body Fat Mass, Total Body

Water, Lean Body Mass and Body Weight remained unchanged. (Wutzke & Lorenz, 2004).

5.2 Conclusion

This study had not shown different effect of marine omega-3 comparing to omega-3 plus
L-carnitine in body fat percentage and weight. Neither had the effect been observed in each group
of treatment when comparing before and after the study. While omega-3 and L-carnitine were still
commonly used for various heatlh benefit, more study might be needed to demonstrated the
benefit of omega-3 in human body fat reduction. Environmental interference might be one of the
concerned factors, which lead to suggestion on tight environmental control and behavioral control
in future study of such effect. Despite the non-significant objective measurement, subject’s
satisfaction and self-assessment were quite positive on the effectiveness of the treatment. With

such response, a double blind, placebo control study was also suggested for further study.
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APPENDIX A

INFORMED CONSENT FORM
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APPENDIX B

PATIENT RECORD FORM

Patient Record Form Omega-3 Fat Burn
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Patient Record Form

Omega-3 Fat Burn
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Patient Record Form Omega-3 Fat Burn
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APPENDIX C

% BODY FAT COMPOSITION TABLE
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APPENDIX D

SELF-ASSESSMENT QUESTIONNAIRE
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