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ABSTRACT 

 

The omega-3 fatty acids in fatty fish and fish oil, eicosapentanoic acid (EPA) and 

docosahexanoic acid (DHA), have been associated with a reduction in risk for 

cardiovascular disease. Blood type is a known contributor to risk for cardiovascular 

events. This study evaluated the effect of fish oil supplements on cardiovascular risk 

markers in adults with blood types A or O. An 8-week parallel-arm, randomized, double-

blind trial was conducted in healthy adult men and women with either blood type A 

(BTA) or blood type O (BTO). Participants were randomized to receive fish oil 

supplements (n=10 [3 BTA/7 BTO]; 2 g [containing 1.2 g EPA+DHA]/d) or a coconut oil 

supplement (n=7 [3 BTA/4 BTO]; 2 g/d). Markers that were examined included total 

cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein 

cholesterol (HDL-C), triglyceride (TG), high-sensitivity C-reactive protein (hsCRP), and 

hemoglobin A1C (HbA1C). Results indicated that the percent change in LDL cholesterol 

was significantly greater in the coconut oil group vs the fish oil group (-14.8±12.2% vs 

+2.8±18.9% respectively, p=0.048).  There were no other significant differences between 

treatment groups, or between blood types A and O, for the other cardiovascular risk 

markers. Further research with a larger and more diverse sample may yield a more 

conclusive result. 
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Chapter 1 

INTRODUCTION 

 In 2010, cardiovascular disease accounted for 31.9% of all deaths in the United 

States (American Heart Association, 2013). For some people with risk for cardiovascular 

disease, taking a dietary supplement may help them to reduce their risk of developing this 

life-threatening ailment. If found to be effective, this treatment method could reduce both 

the financial costs and the health costs for society and many individuals with risk for 

cardiovascular disease risk. 

Much of the traditional medical nutrition therapy for treating cardiovascular 

disease has focused on adjusting intake of fat and sodium. These dietary changes, while 

shown to be highly effective (Aburto et al, 2013; Mozaffarian, Micha, & Wallace, 2010), 

can be difficult for many individuals to make. It has also been well documented that the 

omega-3 fatty acids, eicosapentanoic acid (EPA) and docosahexanoic acid (DHA), in fish 

oil may help to reduce one’s risk for cardiovascular disease by promoting a favorable 

blood lipid profile, stabilizing plaques in arteries, improving blood circulation, and 

reducing inflammation (Anderson & Ma, 2009; Chan & Cho, 2009; Deckelbaum & 

Torrejon, 2012; Dessi, Noce, & Di Daniele, 2013; Gazi, Liberopoulos, Saougos, & Elisaf, 

2006). 

An additional component of this equation is blood type. It has been demonstrated 

that individuals with blood type A seem to have an increased tendency to form blood 

clots, when compared to blood type O. This is thought to be due to higher levels of a 

blood glycoprotein known as von Willebrand factor (de Lorgeril & Salen, 2012). If 
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combined with other risk factors, this may predispose the blood type A individual to 

develop ischemia and infarction; potentially fatal if in the form of a myocardial infarction 

(MI; heart attack) or cerebrovascular accident (CVA; stroke). Because fish oil is known 

to have an antithrombotic effect, it is then feasible that a fish oil supplement regimen may 

reduce blood clotting tendency in individuals with blood type A, thereby reducing the 

risk for a heart attack or stroke. 

An extra area of interest is insulin sensitivity and blood glucose levels. Some 

research suggests that the omega-3 fatty acids in fish oil may increase cellular sensitivity 

to insulin, thereby reducing glucose levels in the blood (American Diabetes Association, 

2010). An abnormally high level of glucose in the blood is damaging to blood vessels and 

prolonged hyperglycemia is a known risk factor for developing or aggravating 

atherosclerosis and cardiovascular disease. 

If taking a dietary supplement such as fish oil is shown to be effective in reducing 

one’s risk of cardiovascular disease, this may be an easy and simple way to improve 

health outcomes for many individuals. 

Purpose of Study 

 The current research study intends to explore the association between fish oil 

supplementation and risk for cardiovascular disease in individuals with blood types A and 

O. Twenty-four healthy participants, eight males and sixteen females, were recruited 

from the greater Phoenix metropolitan area. The participants were stratified by blood type 

and then randomly assigned to one of two treatment groups: fish oil supplementation or 
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coconut oil supplementation. The primary investigators and the participants were blinded 

regarding the supplement type. 

Research Aim and Hypotheses 

 In the current study, the fish oil supplement condition involved taking a gel 

capsule containing 1000 mg of fish oil, with 400 mg EPA and 200 mg DHA, twice a day 

for eight weeks. The coconut oil supplement condition involved taking a gel capsule 

containing 1000 mg of coconut oil twice a day for eight weeks. The researchers predicted 

that an increase in omega-3 fatty acid intake would result in improved blood lipids and 

reduced inflammation. However, the primary hypothesis of the current study is that the 

fish oil supplementation will not change lipid profiles and inflammatory markers in 

healthy adults in Phoenix, Arizona. A secondary hypothesis is that fish oil 

supplementation will not change glucose control in healthy adults in Phoenix, Arizona. 

The researchers predicted that supplementation with coconut oil would not change the 

blood lipid profile, inflammation, or glucose control. 

Definition of Terms 

EPA: Eicosapentanoic acid is a very long-chain polyunsaturated fatty acid with 20 carbon 

molecules 5 double bonds along the length of its chain. It is an omega-3 fatty acid 

due to the presence of a double-bond at the third carbon from the methyl terminus. 

It is a component of tissues in the body. 

DHA: Docosahexanoic acid is a very long-chain polyunsaturated fatty acid with 22 

carbon molecules 6 double bonds along the length of its chain. It is an omega-3 
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fatty acid due to the presence of a double-bond at the third carbon from the methyl 

terminus. It is major component of the central nervous system and the retina. It is 

needed optimal brain and eye development and maintenance. 

hsCRP: high-sensitivity C-reactive protein biomarker that assesses the presence of 

inflammation. Less than 1.0 mg/L = Low Risk for CVD; 1.0 – 2.9 mg/L = 

Intermediate Risk for CVD; greater than 3.0 mg/L = High Risk for CVD. 

Inflammatory disease: A condition in which there is an inflammatory response within the 

body; examples include: infection, rheumatoid arthritis, cardiovascular disease, 

atherosclerosis, celiac disease, inflammatory bowel disease, inflammatory bowel 

syndrome, asthma, and more. 

Delimitations and Limitations 

Participants are healthy male and female adults between the ages of 18 and 50 

years. They were recruited in Phoenix, Arizona. They were not taking fish oil 

supplements when recruited into the study. There was no exclusion for the use of other 

supplements.  

A limitation of this study is that the sample size was relatively small and 

minimally diverse. Therefore, further study will be needed for enhanced generalizability. 

Also, the dose and period of time of the supplementation may not have been enough to 

produce a statistically significant result. Finally, blood samples were not specifically 

designed to be taken from a fasting state. Whether or not individuals had been fasting at 

the time of the blood draw is unknown. Therefore, it is uncertain whether serum 
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triglyceride measurements, as well as LDL cholesterol (LDL-C) measurements, were 

influenced by recent lipid intake. 
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Chapter 2 

REVIEW OF LITERATURE 

Cardiovascular Disease 

 Cardiovascular disease (CVD) is defined as disease of the heart and vasculature 

system (Alpert, 2004). It is the leading cause of death in the United States, as well as in 

many other countries around the world, for both males and females (Alpert, 2004; de 

Lorgeril & Salen, 2012). The majority (50-60%) of deaths from CVD are a result of 

sustained ventricular arrhythmias or sudden cardiac death, meaning death within one hour 

of a myocardial infarction (MI; heart attack) (Gazi et al, 2006). It is also the most 

common cause of death for individuals with type 1 (T1DM) and type 2 diabetes mellitus 

(T2DM). Some risk factors for this disease are physical inactivity, poor diet, obesity or 

overweight, hypertension, aging, genetic factors, smoking, and stress (Alpert, 2004). 

Blood Lipid Profile 

The blood lipid profile is commonly measured to assess one’s likelihood of 

developing CVD. The major components that make up the human blood lipid profile 

include: low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein 

cholesterol (HDL-C), intermediate-density lipoprotein cholesterol (IDL-C), very-low-

density lipoprotein (VLDL-C), and triglycerides (TG). A lipoprotein is a particle in the 

general blood circulation that is used to transport lipids; cholesterol and triglycerides in 

particular. The structure of a lipoprotein consists of an outer monolayer of polar 

phospholipids and free cholesterol. It has a core of nonpolar triglycerides and cholesterol 

esters. On its surface are integral and peripheral apoproteins that act as identifying and 
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signaling molecules. The concept of higher or lower density refers to the proportion of 

lipid to protein, with more protein and less lipid contributing to a higher density (Judge, 

Phalen, & O’Shea, 2010). 

Very-low density lipoprotein (VLDL) is released into the bloodstream by the 

liver. While in the blood, VLDL matures into intermediate-density lipoprotein (IDL), and 

then to low-density lipoprotein (LDL). LDL is responsible for transporting cholesterol 

from the liver to cells. Here, the cholesterol is incorporated into the cell membrane or 

stored as cholesterol esters. High-density lipoprotein (HDL) is produced by enterocytes 

and released into the bloodstream. It is responsible for removing any excess cholesterol 

from cells and bringing it back to the liver (Klop & Cabezas, 2013; Sharma, Farmer, & 

Garber, 2011; Tonkin & Byrnes, 2014).  

According to the Adult Treatment Panel (ATP)-III guidelines from the National 

Cholesterol Education Program (NCEP), LDL-cholesterol (LDL-C) should be <100 

mg/dL, HDL-cholesterol (HDL-C) should be >60mg/dL, and VLDL-cholesterol  

(VLDL-C) should be 0-29 mg/dL (National Institutes of Health, 2001). The total 

cholesterol (TC) level in the blood is a sum of the cholesterol within these three 

lipoproteins. ATP-III guidelines state that total cholesterol (TC) should be <200 mg/dL. 

The laboratory test for serum triglycerides (TG) is a measure of the total amount of 

triglycerides present in the LDL, HDL, IDL, and VLDL. A normal serum triglyceride 

level is considered <150 mg/dL. It is important to recognize that the measurement for 

serum TGs also detects any TGs absorbed into the bloodstream from recent food intake. 

Therefore, the measure is most meaningful when the blood sample is from a fasting state. 
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An aberration from any of the aforementioned values is known as dyslipidemia which 

indicates an increased risk for developing cardiovascular disease (CVD) (Chan & Cho, 

2009; Rudkowska, 2012). 

An abnormally high level of triglycerides, or hypertriglyceridemia, is an 

independent risk factor for developing coronary heart disease (CHD) and ischemic 

cerebrovascular accident (CVA; stoke) (American Heart Association, 2013). This is 

largely due to the fact that the highly-atherogenic lipoproteins, VLDL and IDL, are the 

primary carriers of triglycerides. Thus, a higher triglyceride level is associated with 

higher levels of these lipoproteins and therefore a higher risk for atherosclerosis. Another 

mechanism by which high triglycerides are thought promote CHD is through the 

competition of triglyceride-rich lipoproteins with HDL, resulting in a decreased 

production of HDL. This also contributes to an increased density and decreased size of 

LDL particles, making them more atherogenic (Chan & Cho, 2009; Klop & Cabezas, 

2013). 

Inflammation 

Another indication of CVD risk is inflammation. Inflammation is a process that 

occurs within the body in response to stress, to the presence of foreign agents such as 

bacteria, and to trauma. In the case of infection or trauma, inflammation is necessary to 

assist with destruction of bacteria and promotion of healing. It can be maladaptive, 

however, in the case of stress. The everyday stresses of modern life can be a major 

contributor to increased levels of inflammation. The chemical mediators that are released 

in the process of an inflammatory response can be damaging to body tissues via 
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oxidation. With stress however, there is no real physiologic benefit from the 

inflammation to justify this damage. Inflammation from stress also tends to be chronic 

rather than passing, which can increase risk for such disease processes as hypertension, 

atherosclerosis, and CVD (Calder, 2013; Dessi, Noce, & Di Daniele, 2013).  

The existence and degree of inflammation is commonly assessed using high-

sensitivity C-reactive protein (hsCRP) which increases in the presence of inflammation. 

Normal hs-CRP is any value less than 1 mg/L. The higher the value, the more 

inflammation is present and the higher the risk for cardiovascular disease (CVD). 

Unfortunately, this can also indicate acute inflammation as occurs in infection or allergic 

reactions. Thus, it is not specific enough by itself to necessarily signify the chronic 

inflammation that relates to chronic diseases such as CVD. There is a laboratory test that 

is more specific to chronic inflammation called erythrocyte sedimentation rate (ESR), or 

sed rate, that is very simple and relatively inexpensive to conduct. A normal ESR for 

males younger than 50 years old is less than 15 mm/hr. For males 50 years old and older, 

less than 20 mm/hr is considered normal. For females younger than 50 years old a normal 

value is less than 20 mm/hr, while less than 30 mm/hr is considered normal for females 

50 years old and older (National Institutes of Health, 2012).  

Atherosclerosis 

The progression of CVD often begins with the accumulation of lipids in the 

vasculature system which then becomes calcified into plaques; a disease process known 

as atherosclerosis. Atherosclerosis is defined as hardening of the arteries. It is triggered 

by and exacerbated by a combination of inflammation and elevated levels of cholesterol 
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in the blood (hypercholesterolemia). Risk factors for developing atherosclerosis include: 

hypercholesterolemia, hypertriglyceridemia, hypertension, low HDL-C, smoking, and 

diabetes mellitus (Calder, 2013; Dessi, Noce, & Di Daniele, 2013). 

The process of atherosclerosis begins when, for any reason, the endothelial layer 

of an artery sustains injury. Chemicals called chemo-attractants are subsequently released 

at the site following the injury. The immune cells, monocytes and leukocytes, migrate to 

and adhere to the site of injury in response. This process is known as chemotaxis (Calder, 

2013). The expression of intracellular cell adhesion molecule 1 (ICAM-1) and vascular 

cell adhesion molecule 1 (VCAM-1) then increases; enhancing the adhesion of 

monocytes to the endothelial cells. This spurs an inflammatory process in which 

cytokines are released, attracting the phagocytic cells known as macrophages to the area. 

These macrophages then engulf circulating particles of LDL and, becoming engorged 

with lipids, are converted to foam cells (Dessi, Noce, & Di Daniele, 2013). High levels of 

cholesterol in the blood encourage this step of the process, especially when LDL becomes 

oxidized due to inflammation. The foam cells infiltrate the damaged endothelium of the 

artery, forming a fatty streak. Then, smooth muscle cells migrate into the intima layer of 

the artery and proliferate, forming what is known as a fibrous cap and completing the 

formation of an arterial plaque (Dessi, Noce, & Di Daniele, 2013).  

The more lipid that accumulates in the arteries, the more that they become 

occluded and the greater the chances are for blockage and ischemia. This is known as 

arterial stenosis, or thickening of the arteries. The plaques that form are not typically 

dangerous as long as they are stable. With continuous disturbance via inflammation or 
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blood pressure changes however, these plaques have the potential to burst. When this 

happens, the materials that are released can cut off blood supply to muscles and organs. 

Depending on where the blockage occurs, this can result in thrombosis, skeletal muscle 

infarction, cerebrovascular accident (CVA; stroke), or myocardial infarction (MI; heart 

attack). The last two have the potential to become fatal very quickly (Alpert, 2004; 

Calder, 2013; Dessi, Noce, & Di Daniele, 2013). The goal of nutrition therapy for 

atherosclerosis is to shrink the size of these plaques and maintain their stability. 

Atherosclerotic cardiovascular disease includes coronary heart disease (CHD), 

peripheral artery disease (PAD), and stroke (cerebrovascular accident; CVA). This 

disease class represents the number one cause of death around the world. Abnormal 

levels of blood lipids (dyslipidemia), along with smoking and hypertension, account for 

as many as 75% of all cases of atherosclerotic cardiovascular disease (Tonkin & Byrnes, 

2014).  

Dietary Fat 

 One of the macronutrients that makes up the natural human diet is dietary fat, also 

known as lipids. Consuming fat from the diet is necessary for the purpose of providing 

essential fatty acids. It is also needed to sustain lipid storage within adipose tissue. 

Adipose tissue is beneficial for its contribution to body temperature control, organ 

protection, and providing for energy needs in certain situations. During carbohydrate 

deprivation or starvation, fat can be burned for energy in order to spare the protein in 

muscle. The Acceptable Macronutrient Distribution Range (AMDR) for dietary fat is 25-

35% of total kilocalories for healthy individuals. It is important to recognize that it is the 
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type and quality of the fat consumed that matters, more so than the quantity (Scholl, 

2012). 

The fat in the food we consume exists in the form of triglycerides. When a  

fat-containing meal is consumed, the fat is emulsified by bile from the liver to enhance its 

digestibility (Klop & Cabezas, 2013). Then, these triglycerides are lipolyzed, or broken 

down, by lipase enzymes from the pancreas into free fatty acids (FFA) and  

2-monoacylglycerols (2-MAG). The enterocytes that line the small intestine take up these 

components via passive diffusion and transporters such as CD36. Within the enterocyte, 

the FFAs and 2-MAGs are reassembled into triglycerides (Klop & Cabezas, 2013). At 

this point, any cholesterol that is consumed is also taken up by the enterocyte and 

converted into cholesterol esters. Then, the triglycerides and cholesterol esters are 

packaged into chylomicrons with phospholipids and apolipoprotein B48 (apoB48). The 

chylomicrons are released from the enterocyte into the lymph system where they are 

transported to blood circulation through the thoracic duct. They then are taken up by the 

liver where they are used to manufacture very low density lipoprotein (VLDL). VLDL 

has a similar structure to chylomicrons, though apolipoprotein B100 (apoB100) is 

involved rather than apoB48. VLDL is then released into the bloodstream by the liver 

where it is converted to IDL and then to LDL (Klop & Cabezas, 2013).  

As mentioned previously, triglycerides have three fatty acids attached to a 

glycerol backbone. The two major classifications for fatty acids are saturated fatty acids 

and unsaturated fatty acids. A saturated fatty acid only has single carbon-to-carbon bonds 

and no double-bonds. They are solid at room temperature. With regards to blood lipid 
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levels, saturated fatty acids have been shown to elevate levels of cholesterol in LDL and 

HDL. Common dietary sources of saturated fatty acids are flesh from animals, 

fat-containing dairy products, and tropical oils. The recommended level of intake for 

saturated fat is less than 10% of total kilocalories (Skerrett & Willett, 2010). 

An unsaturated fatty acid possesses one or more carbon-to-carbon double bonds. 

They are liquid at room temperature. Generally, these are reported to decrease blood 

levels of LDL-C (Mozaffarian, Micha, & Wallace, 2010). Within the category of 

unsaturated fatty acids are monounsaturated fatty acids and polyunsaturated fatty acids. A 

monounsaturated fatty acid has one carbon-to-carbon double bond at some point along its 

chain. A polyunsaturated fatty acid is one which possesses two or more carbon-to-carbon 

double bonds along the length of its chain (Anderson & Ma, 2009; Skerrett & Willett, 

2010). 

An additional category is trans fatty acids. These originate as unsaturated fatty 

acids but are chemically altered to mimic saturated fatty acids with a process called 

hydrogenation. Thus, they are solid at room temperature. This is intended to increase 

stability. These have been shown to not only increase blood levels of LDL-C, but also to 

decrease HDL-C levels in the blood (Michas, Micha, & Zampelas, 2014). Typically, they 

do not naturally occur in food and are often added to food during processing to prolong 

shelf-life. Trans fats are to be completely avoided in the diet for optimal heath (Michas, 

Micha, & Zampelas, 2014; Skerrett & Willett, 2010). 

Polyunsaturated fatty acids can be further classified as omega-3 or omega-6, 

depending on the position of the first carbon-to-carbon double bond with respect to the 
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methyl terminus. Linoleic acid (LA) is the parent fatty acid of the omega-6 subgroup and 

alpha-linolenic acid (ALA) is the parent fatty acid of the omega-3 subgroup. Both are 

essential, meaning that they cannot be produced by the human body and must be obtained 

from the diet (Anderson & Ma, 2009). LA is found in vegetable oils, seeds and nuts and 

ALA is found in leafy vegetables, walnuts, soybeans, flaxseed, and seed and vegetable 

oils. LA and ALA can be further converted via elongation and desaturation into  

long-chain polyunsaturated fatty acids which are physiologically active within the body 

(Deckelbaum & Torrejon, 2012).  LA is metabolized to arachidonic acid (AA), while 

ALA can be metabolized to eicosapentanoic acid (EPA) and then to docosahexanoic acid 

(DHA). Unfortunately, these conversions from LA and ALA do not happen to a 

significant extent within the body and these fatty acids are often used for energy instead. 

Thus, obtaining the longer-chain derivatives directly from food is typically a much more 

efficient way of maintaining adequate levels within the body (Deckelbaum & Torrejon, 

2012). AA can be obtained from consuming animal fat and dairy fat. EPA and DHA can 

be obtained from consuming marine products such as fish, mussels, oysters, and seaweed 

(Anderson & Ma, 2009). A proper balance of omega-3 fatty acids to omega-6 fatty acids 

is important for optimal health. A ratio between 1:1 and 4:1 has been shown to be 

beneficial. Furthermore, a ratio of polyunsaturated fatty acids to saturated fatty acids 

between 1.5:0 and 2:0, or greater, is ideal (Houston, 2014). 
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Table 1. Adequate Intake (AI) for LA and ALA (Houston, 2014) 

Age/Lifestage LA AI (g/day) ALA AI (g/day) 

0-6 months 4.4 0.5 

7-12 months 4.6 0.5 

1-3 years 7 0.7 

4-8 years 10 0.9 

9-13 years Male: 12, Female: 10 Male: 1.2, Female: 1 

14-18 years Male: 16, Female: 11 Male: 1.6, Female: 1.1 

19-50 years Male: 17, Female: 12 Male: 1.6, Female: 1.1 

>50 years Male: 14, Female: 11 Male: 1.6, Female: 1.1 

Pregnancy 13 1.4 

Lactation 13 1.3 

 

There is not currently an established AI for EPA or DHA. It is important to note 

that these AI’s are based only on preventing deficiency, not optimal intake. Also, they do 

not provide a recommended ratio of omega-3 to omega-6 fatty acids (4:1, 6:3, or 1:1; 4:1 

is optimal) (Houston, 2014). 

Omega-3 Fatty Acids 

The structural characteristic that makes a polyunsaturated fatty acid an omega-3 

fatty acid, is the double bond between carbon molecules at the third position from the 

methyl terminus of the fatty acid chain. The majority of research involving omega-3 fatty 

acids has focused on three subtypes in particular: alpha-linolenic acid (ALA), 

eicosapentanoic acid (EPA), and docosahexanoic acid (DHA) (Chan & Cho, 2009).  

Humans do not possess the necessary metabolic pathways to intrinsically generate 

the essential fatty acid known as ALA. ALA can, however, be obtained from the diet and 

be subsequently converted to EPA and DHA. Even so, this pathway occurs at such a low 

rate (about 5% to EPA and less than 0.5% to DHA) that it is more effective to obtain 

EPA and DHA directly from food (Chan & Cho, 2009; Dessi, Noce, & Di Daniele, 
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2013). EPA and DHA are highly prevalent in fatty fish, which store fat as triglycerides in 

their flesh rather than in their livers like non-fatty fish (Gazi et al, 2006). Fatty fish 

typically inhabit cold water (Deckelbaum & Torrejon, 2012). They include but are not 

limited to: salmon, mackerel, sardines, anchovies, herring, trout, halibut, and tuna. 

Although they are not technically considered fish, oysters and mussels are also included 

in this category (Albert, Cameron-Smith, Hofman, & Cutfield, 2013). 

EPA is a component of tissues in the body and it may be protective against heart 

disease by reducing inflammation. DHA is a major component of the central nervous 

system and the retina. It is therefore necessary for optimal brain and eye development and 

maintenance (Albert et al, 2013). Adequate intake has been linked to a decreased risk for 

depression and suicide attempt, as well as with potentially reducing the speed and 

severity of cognitive decline in older age (Albert et al, 2013; Deckelbaum & Torrejon, 

2012). 

Research suggests that ALA does not convey the same benefits as its longer-chain 

metabolites, EPA and DHA. Furthermore, the conversion of ALA to EPA and DHA is 

not efficient enough to prevent deficiency. Therefore, it appears that it is necessary to 

consume EPA and DHA directly in order to fully obtain their respective health benefits 

(Anderson & Ma, 2009; Dessi, Noce, & Di Daniele, 2013). 

Fish Oil Supplements 

Aside from consuming whole fish, a common and readily available source of the 

omega-3 fatty acids EPA and DHA is fish oil in the form of a gel capsule supplement. It 

has been estimated that over one-third of American adults use some form of marine 
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omega-3 fatty acid supplement (Albert et al, 2013). Though obtaining these fatty acids 

through eating fatty fish is ideal, it is often not possible to eat the recommended amount 

on a consistent basis due to factors such as taste preference, location, and cost. A dose of 

500 mg/day of EPA plus DHA is equivalent to approximately 2 servings of fish per week. 

This also fulfills the recommendation regarding fatty fish intake for healthy people from 

the American Heart Association (AHA). For individuals with coronary artery disease 

(CAD), the AHA recommends 1000 mg/day of EPA plus DHA. This is equivalent to 

approximately 4 servings of fish per week. (Chan & Cho, 2009).  

The standard concentration of EPA and DHA in a fish oil supplement is about 

30%, meaning that a 1000 mg capsule contains a combined total of 300 mg EPA and 

DHA (Calder, 2013). An EPA to DHA ratio of 3-4 to 2 in fish oil supplements has been 

shown to be most beneficial (Houston, 2014). For those with serum triglyceride levels 

greater than 500 mg/dL, the AHA recommends taking an omega-3 acid ethyl esters 

medication (i.e. Lovaza). This contains 465 mg of EPA and 375 mg of DHA in a 1000 

mg capsule and the recommended dosage is two to four times per day. This high 

concentration (84% EPA and DHA) is not currently available over the counter and must 

be obtained with a prescription. Effective doses in research are typically between 3000 

and 5000 mg per day (Gazi et al, 2006). 

Fish oil supplements have been widely recognized for their benefits in 

cardiovascular health. They have been shown to lower serum triglyceride levels, as well 

as reduce blood pressure and inflammation. Interestingly, this reduction in inflammation 

is sometimes but not always represented by a reduced high-sensitivity C-reactive protein 
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(hs-CRP) level (Chan & Cho, 2009; Dessi, Noce, & Di Daniele, 2013; Swanson, Block, 

& Mousa, 2012). Rather, the reduction in inflammatory processes is represented by 

inhibited leukocyte chemotaxis, decreased expression of adhesion molecules, decreased 

eicosanoid and cytokine production, and reduced T cell reactivity (Anderson & Ma, 

2009; Calder, 2013; Chan & Cho, 2009, Gazi et al, 2006). Additionally, some studies 

suggest a benefit in reducing cardiac arrhythmias from fish oil supplementation (Chan & 

Cho, 2009; Gazi et al, 2006). 

As with all dietary supplements, the use of fish oil can potentially have some 

negative side effects, particularly when taken in excess. Some individuals may 

experience gastrointestinal distress. Another common complaint is the fishy-odor that can 

arise with belching. Many capsules today have an enteric coating that prevents this minor 

side effect. Another potential side effect is worsened glycemic control in those with 

diabetes (Gazi et al, 2006; Chan & Cho, 2009).  Also, fish oil is known to be an 

anticoagulant through its action to inhibit the arachidonic acid pathway. As a result, those 

who are planning to have surgery are often asked to discontinue taking fish oil for a 

month before the surgery to reduce risk of uncontrollable bleeding (Gazi et al, 2006; 

Chan & Cho, 2009).  
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Table 2. Side Effects Associated with Fish Oil Supplementation (Gazi et al, 2006) 

 Fish Oil Supplement Daily Dose 

Side Effect <1000 mg/day 1000-3000 mg/day >3000 mg/day 

Fishy aftertaste Low risk Moderate risk Likely 

Gastrointestinal upset Very low risk Moderate risk Moderate risk 

Clinical bleeding Very low risk Very low risk Low risk 

Poorer glycemic control* Very low risk Low risk Moderate risk 

Elevated LDL-C† Very low risk Moderate risk Likely 

 

*In individuals with impaired glucose tolerance (IGT) or diabetes mellitus (DM) 

†In individuals with hypertriglyceridemia 

 

It is important to consider the potential for fish oil supplements, as well as whole 

fish, to contain methylmercury (MeHg) which is a potentially harmful contaminant. 

MeHg is considered a neurotoxin, meaning that it is damaging to cells in the nervous 

system. When exposure occurs during the developmental stage of life, particularly the 

prenatal period, defects in cognitive development and function have been documented. In 

adults, sensory disorders and tremors have been reported with MeHg exposure 

(Ceccatelli, Daré, & Moors, 2010). Choosing a purified supplement and lower-mercury 

fish may be helpful in reducing risk for consumption of this substance (Gazi et al, 2006). 

Examples of lower-mercury fish that are also good sources of EPA and DHA include: 

salmon, mackerel (non-King variety), sardines, anchovies, herring, and trout (Mahaffey, 

2008). 

 Unfortunately, the world’s existing population of cold water fatty fish may not be 

enough to sustain Europeans and North Americans with the recommended levels of EPA 

and DHA intake (Deckelbaum & Torrejon, 2012; Raatz, Silverstein, Jahns, & Picklo, 

2013). Interestingly, like humans, fatty fish are also unable to generate omega-3 fatty 
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acids on their own. Their stores actually originate from the single cell marine organisms 

and marine plants that they consume, such as algae, krill, and seaweed (Deckelbaum & 

Torrejon, 2012; Gazi et al, 2006; Lenihan-Geels, Bishop, & Ferguson, 2013; Raatz, 

Silverstein, Jahns, & Picklo, 2013). Looking to these alternative and more sustainable 

sources may be necessary to maintain future needs. At the current time, these sources are 

significantly more expensive to cultivate than fish. Developing more efficient cultivation 

methods will be critical to ensuring long-term feasibility and sustainability (Deckelbaum 

& Torrejon, 2012; Lenihan-Geels, Bishop, & Ferguson, 2013). 

 The supplemental form of coconut oil has been used in past research studies as a 

placebo for fish oil. Its use has been justified by the fact that it does not contain 

polyunsaturated fatty acids and it does not alter the metabolism of omega-3 

polyunsaturated fatty acids (Amminger et al, 2013; Karr, Grindstaff, & Alexander, 2012; 

Mozaffari-Khosravi, Yassini-Ardakani, Karamati, & Shariati-Bafghi, 2013; Trepanowski, 

Kabir, Alleman, & Bloomer, 2012). 

Fish Oil Supplementation and Cardiovascular Disease 

Cultures with relatively high fish intake, such as the Inuit populations of northern 

Canada and Alaska, have lower incidence and prevalence than what would be expected 

when considering their high overall fat intake. Similarly, the Japanese traditionally 

consume a diet rich in seafood, as well as in sodium. Nevertheless, the prevalence of 

CVD in Japan is low when compared with many other countries. The common factor in 

these two cultures is a high intake of seafood (up to 5000-15,000 mg of EPA and DHA 
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per day), suggesting that this may be protective against CVD development (Gazi et al, 

2006). 

Fish Oil Supplementation and Blood Lipids 

With regards to medical nutrition therapy, common recommendations for 

preventing and treating cardiovascular disease have been a reduced intake of omega-6 

fatty acids and saturated fatty acids, while increasing intake of polyunsaturated fatty 

acids. Omega-3 polyunsaturated fatty acids have been thoroughly examined in particular 

(de Lorgeril & Salen, 2012). 

Epidemiological research has shown that Greenland Eskimos, who are known to 

consume a relatively high amount of omega-3 fatty acids through fish, have lower 

incidence of cardiovascular disease (Bjerregaard & Johansen, 1987). Since this discovery 

about three and a half decades ago, the potential cardiovascular health benefits of fish oil 

have been widely studied and documented (Chan & Cho, 2009). 

One mechanism by which EPA and DHA work to lower triglyceride levels has 

been seen in both animal and human studies. This involves decreasing VLDL synthesis in 

the liver and increasing its release into the bloodstream (Chan & Cho, 2009; Gazi et al, 

2006; Weitz, Weintraub, Fisher, & Schwartzbard, 2010). It has been found that the 

conversion to IDL and then to LDL occurs more quickly with increased intake of EPA 

and DHA, explaining the increase in LDL-C that often occurs with fish oil 

supplementation (Gazi et al, 2006). Another theory is that EPA and DHA increase the 

activity of lipoprotein lipase which results in increased chylomicron clearance from the 

bloodstream. Studies have shown that the higher the dose and the higher the baseline 
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serum triglyceride level, the greater the effect that fish oil appears to have (Chan & Cho, 

2009; Dessi, Noce, & Di Daniele, 2013; Judge, Phalen, & O’Shea, 2010; Weitz, 

Weintraub, Fisher, & Schwartzbard, 2010). This is particularly true with prescription- 

concentration fish oil (i.e. Lovaza) for very high triglyceride levels (Chan & Cho, 2009). 

A third mechanism by which EPA and DHA are thought to lower triglyceride levels in 

the blood is by decreasing triglyceride synthesis, possibly through inhibition of the sterol 

regulatory element-binding protein (SREBP) pathway. Finally, EPA and DHA appear to 

increase triglyceride clearance from the blood by the liver (Anderson & Ma, 2009). 

A study by Pownall et al. found that in participants with hypertriglyceridemia, 

those receiving the therapeutic dose of 4000 mg fish oil per day experienced a 38.9% 

decrease serum triglyceride levels. Those receiving the placebo had a 7.8% decrease. 

There was no significant effect on HDL-C, but there was a 16.7% increase in LDL-C 

with fish oil (1999). 

A meta-analysis found that with every 1000 mg increase in fish oil dosing, serum 

triglyceride decreases by about 8 mg/dL. Of those with high baseline triglyceride levels 

the reduction was even more dramatic, with an average serum triglyceride decrease of 27 

mg/dL, an average HDL-C increase of 1.6 mg/dL, and an average LDL-C increase of 6 

mg/dL. There was no significant change in total cholesterol levels (Balk et al, 2006). 

An analysis of 36 crossover studies found that a fish oil dosing of 3000 to 4000 

mg per day decreased serum triglyceride levels by 24% in participants with 

normolipidemia and 35% in participants with hypertriglyceridemia. A 5-10% increase in 
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LDL-C and a 1-3% increase in HDL-C was also seen. The association between fish oil 

and triglycerides appeared to be dose-dependent (Harris, 1997). 

A clinical trial examined the use of highly concentrated omega-3 acid ethyl esters 

in 42 participants who had severe hypertriglyceridemia with serum levels between 500 

and 2000 mg/dL. With the dose at 4000 mg per day, there was a 45% decrease in 

triglycerides, a 15% decrease in total cholesterol, a 32% decrease in VLDL-C, a 13% 

increase in HDL-C, and a 31% increase in LDL-C (Harris et al, 1997). 

Another trial was made up of 30 participants with triglyceride levels between 354 

and 2478 mg/dL. A daily dose of 4000 mg/dL of omega-3 fatty acids produced a similar 

effect on blood lipids and lipoproteins as a 1200 mg daily dose of gemfibrozil. 

Interestingly, although LDL-C was increased by both therapies, the LDL particles 

became larger, more buoyant, and thus less atherogenic as a result (Dessi, Noce, & Di 

Daniele, 2013; Gazi et al, 2006). 

A review of 21 trials found that fish oil consumption resulted in a net change of    

-21 mg/dL for triglycerides, +1.6 mg/dL for HDL-C, and +6 mg/dL for LDL-C. Larger 

doses of fish oil were associated with greater effects on serum triglyceride levels. No net 

effect on total cholesterol was found (Gazi et al, 2006). 

Pharmacological Therapy vs. Fish Oil Supplementation for Hyperlipidemia 

A commonly utilized pharmaceutical therapy for hyperlipidemia is a medication 

class known as a statin. Also known as HMG-CoA-reductase inhibitors, these drugs are 

fairly efficacious in reducing LDL-C, but only have a moderate effect on reducing 

triglycerides (Chan & Cho, 2009). Fish oil has been demonstrated to lower serum 
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triglyceride levels and increase LDL-C levels. It is important to note, however, that the 

amount LDL-C increases is only about 6-10 mg/dL and the size and buoyancy of the 

LDL particles is also increased, making them less likely to be atherogenic (Chan & Cho, 

2009). A randomized, placebo-controlled study demonstrated that in obese men, a 

combination therapy of 40 mg of atorvastatin and 4000 mg fish oil resulted in a 40% 

decrease in serum triglycerides (P=0.002). This is compared to atorvastatin alone which 

had a 26% decrease and fish oil alone which had a 25% decrease. LDL-C levels 

decreased to a similar degree in both the combination therapy group and the atorvastatin 

group (Chan, Watts, Nguyen, & Barrett, 2002). The use of fish oil along with a statin 

may be a more effective therapy for those with both high LDL-C and high serum 

triglyceride levels than simply a statin alone (Athyros, Tziomalos, & Mikhalidis, 2011; 

Chan & Cho, 2009). 

Another important issue to consider is that the use of statins is associated with 

adverse side effects in some individuals. The risk for side effects appears to be  

dose-dependent, though this may vary across individuals due to differences in genetic 

components and disease states. Drug or drug-nutrient interactions may also increase the 

potency, and thus the risk of side effects, for statins. Foods that can potentially interact 

with statins are grapefruit, pomegranate, and the Seville orange. One potential side effect 

of statins that is especially feared is rhabdomyolysis, a severe form of muscle damage 

that results in elevated creatinine kinase (CK) and can lead to renal failure and even 

death. Other adverse side effects that have been reported include: cognitive loss, myositis 

(muscle inflammation), myalgia (muscle pain), nerve damage (neuropathy), pancreatic 



25 
 

dysfunction, hepatic dysfunction, and sexual dysfunction (Golomb & Evans, 2008). If, 

because of fear for these side effects, an individual decides to discontinue or never 

initiate use of statins, having an alternative option may be very important to managing 

their lipid levels and potentially avoiding life-threatening consequences.  

Fish Oil Supplementation and Inflammation 

The omega-6 fatty acid arachidonic acid (AA) is essential and contributes to 

cellular function when it is metabolized into prostaglandins, leukotrienes, and 

thromboxanes, a group that is collectively called eicosanoids (Anderson & Ma, 2009; 

Chan & Cho, 2009). Some of these metabolites have pro-inflammatory characteristics, 

while others can contribute to arrhythmia. It is important to note that EPA is competitive 

with AA for the same enzymatic pathway. It can also be converted to these eicosanoids. 

However, the products from EPA’s conversion are far less inflammatory than those 

produced by conversion of AA. Certain products from DHA, specifically resolvins and 

protectins, are even considered to be anti-inflammatory (Buckley & Howe, 2010; Dessi, 

Noce, & Di Daniele, 2013; Calder, 2013). As a result of competition with AA, EPA 

results in decreased production of AA-derived eicosanoids. This then reduces platelet 

aggregation, vasoconstriction, and leukocyte chemotaxis and adherence. Ultimately, this 

reduces the potential risk for plaque formation, thrombus formation, and ischemic events 

(Anderson & Ma, 2009, Chan & Cho, 2009, Gazi et al, 2006).  

Beyond EPA’s competition with AA, fish oil is associated with a reduction in 

inflammation through its inhibition of pro-inflammatory factors. EPA can inhibit 

interleukin-2 (IL-2) production and both EPA and DHA can inhibit interleukin-1B (IL-
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1B), tumor necrosis factor alpha (TNFα), interleukin-6, and interleukin-8 production 

(Anderson & Ma, 2009). 

Although fish oil has long been heavily touted anti-inflammatory properties, there 

has been limited biochemical evidence to demonstrate this effect in previous studies. A 

meta-analysis by Balk et al. (2006) examined four studies and found a minimal net 

change in hs-CRP that ranged from –0.15 to +1.7 mg/L with fish oil doses between 1600 

g/day and 5900 g/day. Perhaps looking at sed rate rather than hs-CRP would provide a 

clearer picture of how fish oil may influence inflammation. 

With regards to atherosclerosis, a major mechanism by which EPA and DHA are 

thought to function has to do with the inflammatory processes that promote and aggravate 

atherogenesis. A study by Dwyer et al. (2004) showed that high omega-3 fatty acid intake 

reduces the function of leukotriene-mediated inflammatory pathways. Also, EPA and 

DHA have been found to inhibit the expression of intracellular cell adhesion molecule 1 

(ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1) on endothelial cells and 

monocytes. This impedes the atherosclerotic pathway, thereby reducing the risk for 

myocardial infarction and stroke. Additionally, it has been demonstrated that EPA and 

DHA reduce the generation of the chemoattractants involved in atherogenesis. These 

include: leukotriene B4, platelet-activating factor (PAF), monocyte chemoattractant 

protein-1 (MCP-1), platelet-derived growth factor (PDGF), interleukins, and tumor 

necrosis factor-a (TNFa). (Gazi et al, 2006). 
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Fish Oil Supplementation and Atherosclerosis 

As has been discussed, fish oil supplementation has been shown to reduce the risk 

for developing atherosclerosis through its impact on blood lipids and inflammation. There 

is also evidence to suggest that EPA and DHA from fish oil improve the state of 

preexisting atherosclerosis. Although fish oil supplementation does not prevent 

recurrence of stenosis after angioplasty, it may help to stabilize existing arterial plaques. 

One study found that participants who received 1400 mg of fish oil supplementation 

before carotid endarterectomy had higher levels of EPA and DHA in their carotid plaques 

when compared with the control group. This was associated with thicker fibrous caps of 

the plaques, decreased inflammatory markers, and lower number of arterial wall 

macrophages. This translates to a reduced risk for atherosclerosis-related complications 

(Thies et al, 2003).  

Fish Oil Supplementation and Cardiovascular Function 

There is some evidence to suggest that fish oil may reduce cardiac arrhythmia in 

those with cardiovascular disease (CVD). This is hypothesized to occur through 

stabilization of the myocardial membrane (Chan & Cho, 2009; Dessi, Noce, & Di 

Daniele, 2013). When subjected to ischemia, or restriction of blood supply, 

myocardiocytes allow potassium ions to escape. This increases the resting membrane 

potential and lowers the threshold for initiating an action potential through sodium 

channels, resulting in an increased risk for fatal arrhythmias. Omega-3 fatty acids are 

thought to inhibit sodium channels by increasing the fluidity of the phospholipid bilayer. 

This then reduces membrane excitability and the potential for arrhythmia (Chan & Cho, 
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2009; Dessi, Noce, & Di Daniele, 2013). The studies that have been conducted on this 

theory have been specific to individuals with an implanted cardioverter-defibrillator 

(ICD), or pacemaker. While Raitt et al. (2005) found a non-significantly greater 

incidence of ventricular tachycardia and fibrillation in those receiving 1800 mg fish oil 

versus a placebo (65% versus 59%; p=0.19), Leaf et al. (2005) demonstrated a lower 

incidence in ventricular arrhythmias with 4000 mg fish oil when compared to the placebo 

(28% versus 39%; p=0.057). Furthermore, Calo et al. (2005) randomized 160 patients, 

who were 5 days away from undergoing elective coronary artery bypass, into two groups: 

treatment with 2000 mg fish oil or a placebo. Those in the fish oil group had a 

significantly lower incidence of arrhythmia after bypass when compared to the placebo 

group (15.2% versus 33%; p=0.013). 

Fish oil may have some impact on blood pressure, though its effectiveness as an 

actual therapy for high blood pressure is minimal. EPA and DHA are incorporated into 

the membranes of endothelial cells, increasing fluidity and allowing for improved 

vasodilation through increased nitric oxide production (Chan & Cho, 2009; Dessi, Noce, 

& Di Daniele, 2013). Some research has demonstrated a decrease in heart rate as a result 

of this effect in individuals with high baseline heart rate (Dessi, Noce, & Di Daniele, 

2013). A meta-analysis found a 2.1 mmHg average reduction in systolic blood pressure 

and a 1.6 mmHg average reduction in diastolic blood pressure with a median fish oil 

supplementation of 3700 mg. The greatest reductions were seen in individuals with 

hypertension and in those over the age of 45 (Geleijnse, Giltay, Grobbee, Donders, & 

Kok, 2002). A 3.4/2.0 mmHg reduction in blood pressure was found in those with 
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hypertension with a 5600 mg fish oil dose per day (Morris, M. C., Sacks, F., & Rosner, 

B. 1993). A 5.5/3.5 mmHg blood pressure reduction was seen in untreated hypertensive 

individuals with a fish oil dose of ≥3000 mg per day (Appel, Miller, Seidler, & Whelton, 

1993). DHA seems to have a greater effect than EPA in blood pressure reduction 

andthere does not seem to be a reduction in blood pressure with fish oil supplementation 

for healthy individuals without hypertension (Gazi et al, 2006). 

In a review of four trials, a reduced incidence of secondary cardiac events was 

seen with fish oil supplementation between 1000 and 1800 mg per day or with 1 serving 

of fish per day (Anderson & Ma, 2009). 

The Diet and Reinfarction Trial (DART) focused on secondary prevention of a 

subsequent myocardial infarction (MI; heart attack) with participants who had already 

survived one. In male participants who were recommended to increase their fatty fish 

intake to 7-14 ounces (2.33-4.67 servings) per week and their fish oil intake to 500-800 

mg per day, there was a 29% reduction in mortality from any cause over a 2-year period 

(p < 0.05). There was no difference in the incidence of overall CVD events between those 

who received these recommendations and those who did not. However, there was a 33% 

reduction in fatal MIs when these recommendations were provided (p < 0.01) (Burr et al, 

1989). 

A randomized placebo-controlled prospective study, known as the Indian 

Experiment and Infarct Survival-4 study, examined the use of mustard oil (2900 mg 

ALA) and fish oil (1800 mg EPA and DHA) for secondary prevention in the hospital 

following a suspected acute myocardial infarction. When compared to the placebo group 
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one year later, there was a reduction in total cardiac events and non-fatal myocardial 

infarctions in the mustard oil (p < 0.05) and fish oil (p > 0.01) groups (Singh et al, 1997). 

A meta-analysis of 11 randomized controlled trials found a 27% decrease in fatal 

myocardial infarctions (p < 0.001), a 31% reduction in sudden death (p < 0.01), and a 

19% decrease in mortality from any cause (p < 0.001) with dietary or supplemental EPA 

and DHA intake. It was noted that there was no difference in the occurrence of non-fatal 

myocardial infarctions between groups (Bucher, Hengstler, Schindler, & Meier, 2002). 

Three mechanisms by which EPA and DHA are thought to decrease CVD risk is 

by increasing the fluidity of cellular membranes, decreasing the proportion of the 

membrane occupied by lipid rafts, and modifying the characteristics of these rafts 

(Deckelbaum & Torrejon, 2012). 

Cerebrovascular Disease 

Cerebrovascular disease is defined as a disruption in normal brain function related 

to an abnormality involving the group of blood vessels that supply the brain. Within this 

category are two specific insults to the brain: transient ischemic attack (TIA) and 

cerebrovascular accident (CVA; stroke) (Sonni & Thaler, 2013; Sylaja & Hill 2009). 

A TIA, often called a “mini stroke”, is defined as a temporary obstruction of 

blood flow to the brain that typically lasts only a few minutes but has the tendency to 

recur. A TIA is not usually fatal or permanently damaging on its own. However, it has 

the likelihood of leading to a potentially fatal CVA, or stroke. This is particularly true 

when the episode lasts longer than 10 minutes (Sonni & Thaler, 2013; Sylaja & Hill, 

2009). Approximately 15-20% of individuals who have had a stroke had previously 
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experienced a TIA, usually around three months prior. Research suggests that the early 

window of risk for stroke is 10-15% within ninety days of a TIA (Sylaja & Hill, 2009).  

A cerebrovascular accident (CVA), or stroke, occurs when an artery that provides 

oxygenated blood to the brain is completely obstructed for an extended period of time. 

This leads to damage of the brain tissue and cells and has the risk of resulting in 

functional or cognitive impairment (Sonni & Thaler, 2013). Stroke is the third leading 

cause of death in the United States and is the second leading cause of death worldwide. 

Additionally, it is the first leading cause of long-term disability around the world.  

One-third of individuals die within the first year of having a stroke and more than half are 

unable to recover and regain their independence (Paciaroni & Bogousslavsky, 2010). 

As mentioned previously, stroke falls within the disease class of atherosclerotic 

cardiovascular disease (CVD). Thus, many of the same risk factors for general CVD 

apply to cerebrovascular disease and stroke as well. These include advanced age, 

dyslipidemia, smoking, physical inactivity, hypertension, atrial fibrillation, arterial 

stenosis (specifically of the carotid artery), and diabetes (Paciaroni & Bogousslavsky, 

2010; Sonni & Thaler, 2013; Sylaja & Hill, 2009). 

Fish Oil Supplementation and Cerebrovascular Disease 

 In much the same way that fish oil is thought to reduce cardiovascular disease 

(reduced inflammation, a favorable blood lipid profile, etc.), fish oil is also thought to 

reduce the risk for cerebrovascular disease. Some epidemiological evidence suggests a 

decrease in ischemic cerebrovascular accident (CVA), or stroke, risk with increasing fish 

consumption. It is important to consider, however, that the risk or severity of 
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hemorrhagic stroke may be increased with excessively high doses of fish oil due to the 

potential anticoagulative effect (Gazi et al, 2006). 

Blood Type 

The major blood types in humans are A, B, AB, and O. Of these, A and O are the 

most common. The distinguishing characteristic that places an individual into one of 

these categories is the presence or lack of specific components called antigens. These 

antigens are sugar molecules that are embedded in the cell membrane of erythrocytes, or 

red blood cells. The A antigen is present in blood type A, B antigen in blood type B, A 

and B antigens in blood type AB, and neither of the antigens in blood type O (Ketch et al, 

2008). 

To identify an individual’s blood type, blood is drawn by either a syringe or a 

finger prick. The blood that is collected is placed on a surface in at least two separate 

locations. One sample is mixed with A antibodies and the other is mixed with B 

antibodies. Additional antibodies may be tested in separate samples with some tests to 

further classify blood type. If the blood agglutinates, meaning that the erythrocytes clump 

together, the blood type is not compatible with the antibodies that were added. For 

example, if blood agglutinates when B antibodies are added but not when A antibodies 

are added, the blood type is A. If the blood agglutinates when both A antibodies and B 

antibodies are added, the blood type is O. Blood type B reacts to A antibodies and AB 

blood type reacts to neither. This identification process is known as ABO typing (Flegel, 

2013; Lee, Park, Yang, Lee, & Kim, 2009). 
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Although there are numerous ways to classify blood type, the ABO system is the 

most widely used. It is particularly useful in ensuring the acceptance of foreign tissue; a 

critical consideration in blood transfusion and organ transplant. Unmatched blood type 

triggers an immune response, along with agglutination of the blood within the body 

which can quickly become fatal (Ketch et al, 2008). 

Blood Type and Cardiovascular Disease Risk 

 The blood type of an individual is a strong predictor of hemostasis qualities such 

as clotting time and risk for embolism formation. This is largely due to differences 

between blood types in amounts of von Willebrand factor (vWF) in blood plasma, and 

thus, Factor VIII plasma levels. Both vWF and Factor VIII are considered procoagulant, 

or clot-promoting, agents and are known to increase risk for embolism formation and 

thrombosis. Blood type O has been found to have a reduced coagulability when compared 

to the non-O blood types A, B, and AB (Dentali, Sironi, Ageno, Crestani, & Franchini, 

2014; Ketch et al, 2008; Souto et al, 2000). Non-O blood type indicates that levels of 

these factors are about 25% higher than those associated with the blood type O. It has 

been established that individuals with non-O blood type are at an increased risk for 

developing a venous thromboembolism when compared to blood type O. There is also a 

recently discovered positive association, though it is weak, between non-O blood type 

and risk for arterial thrombotic events. These events include myocardial infarctions (MI; 

heart attack), ischemic cerebrovascular accidents (CVA; stroke), and muscle ischemia 

(Dentali et al, 2014; Ketch et al, 2008). 
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In individuals who have experienced an MI, the amount of risk estimated to be 

conferred by non-O blood type is approximately 9.7%. A systematic review by found a 

consistent relationship between non-O blood type and increased likelihood for an MI 

(Wu, Bayoumi, Vickers, & Clark, 2008). A large meta-analysis by He et al. (2012) 

demonstrated that those with a non-O blood type were 11% more likely to develop 

coronary heart disease (CHD) when compared to O blood type individuals. There was 

also a significantly greater proportion of non-O blood type in those who had experienced 

an MI, when compared to blood type O. 

The evidence in support of the association between ABO blood type and ischemic 

CVA, or stroke, is less conclusive. A large case-control study by Hanson et al did not 

find a link between ABO blood type and ischemic stroke risk. On the other hand, the 

meta-analysis by Wu, Bayoumi, Vickers, & Clark found a slight but significant 

association between these variables (2008). Although there appears to be a slightly 

increased risk for ischemic stroke with non-O blood type, the relationship is not well-

supported and thus additional research is needed to confirm it (Dentali et al, 2014). 

Fish Oil Supplementation and Blood Type 

Fish oil is considered to be an antithrombotic substance, meaning that adequate 

fish oil intake is associated with reduced tendency for blood clotting and coagulation. 

This occurs through suppression of platelet cyclooxygenase metabolism, thus reducing 

thrombin-stimulated platelet aggregation (Keenan, Pedersen, & Newman, 2012). Based 

on this characteristic, it is expected that fish oil supplementation will mitigate the 

heightened tendency for blood clotting and thrombosis in non-O blood type. 
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Insulin 

 Insulin is an anabolic polypeptide hormone that is produced by the β-cells in the 

pancreas (Islets of Langerhans). It is released into the blood in response to consumption 

of a meal containing glucose, the main source of energy within the body (Triplett, 2012). 

From the pancreas, insulin travels in the blood to cells in need of glucose. Every cell 

possesses insulin receptors which are embedded within the cell membrane but are 

accessible outside of the cell. Insulin itself never actually enters the cell; it only binds to 

these insulin receptors on the outside of the cell. This activates a secondary messenger 

system which results in the uptake of glucose into the cell via specialized transport 

proteins in the membrane, such as GLUT-1 and GLUT-4. Plasma glucose concentrations 

are reduced as a result (Seino, Shibasaki, & Minami, 2011; Triplett, 2012). The glucose 

transported into the cell is then assembled into chains which create the storage form of 

glucose known as glycogen (Triplett, 2012). Beyond its function to bring glucose into 

cells, insulin has additional functions within the body. One other function that it carries 

out is the inhibition of hepatic glycogen breakdown to glucose. Also, it prevents the 

breakdown of lipids from adipose tissue, a process called lipolysis (Kalupahana, 

Claycombe, & Moustaid-Moussa, 2011). 

Insulin resistance 

 Insulin resistance is defined by a lack of response or an inadequate response in 

cells which are normally quite sensitive to insulin. These cells include hepatocytes, 

skeletal myocytes, and adiopocytes (Kalupahana, Claycombe, & Moustaid-Moussa, 

2011). One example of insulin resistance arises when insulin is unable to bind insulin 
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receptors on the outer membrane of cells. Another scenario in which a person would be 

considered insulin resistant is when insulin binds the receptor but the transport of glucose 

into the cell is defective. When cells are resistant to insulin, glucose is unable to enter the 

cell and it remains in the plasma. As a result, plasma glucose concentrations become 

elevated and the cells are starved of glucose (Seino, Shibasaki, & Minami, 2011). If this 

goes on for an extended amount of time, weight loss occurs and the body resorts to 

another source of energy known as ketones. Weight reduction, exercise, and certain 

medications can reduce insulin resistance (American Diabetes Association, 2010). To 

detect insulin resistance, two simple equations are used: the homeostatic model 

assessment (HOMA-IR) and the QUICKI. HOMA-IR is a direct measure of insulin 

resistance. An increased HOMA-IR score means that insulin resistance is increased. A 

score >1 is considered abnormal and a sign of insulin resistance (Matthews et al, 1985; 

Muniyappa, Lee, Chen, & Quon, 2008). QUICKI, on the other hand, is a measure of 

insulin sensitivity rather than insulin resistance. Therefore, a decreased QUICKI score 

would indicate increased insulin resistance. A score <0.375 is abnormal and implies that 

an individual is insulin resistant (Muniyappa et al, 2008). 

Characteristics of Diabetes Mellitus 

Diabetes mellitus (DM) is a metabolic disorder that is indicated by high glucose 

concentration in the blood (hyperglycemia). In type 1 diabetes mellitus (T1DM), the 

pancreatic β-cells are no longer to produce insulin which leaves the individual completely 

dependent on exogenous insulin via injections (Bhattacharya, Dey, & Roy, 2007). 



37 
 

The form of diabetes mellitus that this study is interested in, type 2 diabetes 

mellitus (T2DM), is the most common form with it being 90-95% of cases (Bhattacharya, 

Dey, & Roy, 2007). Those with T2DM are typically not fully dependent on insulin, 

though they may need it to maintain adequate glucose control. In T2DM, the pancreatic     

β-cells still produce insulin. However, the cells in the body tend to be resistant to the 

insulin that is produced which results in hyperglycemia. In response to this, the 

pancreatic β-cells produce more insulin to compensate for the insulin resistance. Over 

time, the pancreas can become fatigued in a sense and its production of insulin may 

actually decrease. At this point, exogenous insulin with the possible addition of  

insulin-stimulating or insulin-sensitizing medications may be indicated (American 

Diabetes Association, 2010; Kalupahana, Claycombe, & Moustaid-Moussa, 2011). This 

disease process can be a product of genetic predisposition, lifestyle factors, and 

environmental exposure. This form of diabetes tends to occur more often in those who 

are obese but it can also occur in normal weight individuals, particularly in those who 

have excess abdominal adiposity (Triplett, 2012). 

Excess glucose in the blood causes oxidative damage to cells and tissues. Damage 

to the micro- and macrovasculature can occur and existing atherosclerosis can be 

aggravated by excessive levels of glucose in the blood (Triplett, 2012). The small blood 

vessels that travel through the kidneys and retina of the eye are often damaged easily by 

this oxidative effect. Thus, renal failure and impaired vision are common findings in 

uncontrolled diabetes (American Diabetes Association, 2010; Triplett, 2012). When 
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insulin cannot bring glucose into cells, those cells must resort to other sources of energy. 

Most often, lipids are broken down in response to this need (Triplett, 2012). 

Classic symptoms of untreated hyperglycemia include increased thirst 

(polydypsia), increased appetite (polyphagia), increased urination (polyuria), weight loss, 

blurred vision, and recurrent infections (American Diabetes Association, 2010). These 

symptoms are often the first sign of the condition and must be present for diagnosis, 

along with an elevated fasting or casual glucose concentration. The diagnosis of diabetes 

mellitus is confirmed with an oral glucose tolerance test (OGTT) in which an individual 

who has been fasting for at least 12 hours drinks a solution with a 75 g glucose load. The 

diabetic individual has a fasting plasma glucose (FPG) concentration of ≥126 mg/dL. The 

concentration at two hours after consuming the solution is ≥200 mg/dL for the person to 

be considered diabetic (Roumen, Feskens, Jansen, Saris, & Blaak, 2008). To diagnose 

diabetes and assess long-term glycemic control (over the past 120 days), a test known as 

hemoglobin A1C can be run. This is measurement of the amount of glycation on 

hemoglobin in erythrocytes (red blood cells). A hemoglobin A1C reading of ≥6.5% is the 

diagnostic cut-off value (American Diabetes Association, 2010). 

Type 2 Diabetes Mellitus 

T2DM is diagnosed when the classic symptoms of diabetes mellitus are present in 

addition to having an hemoglobin A1C ≥6.5% or a casual blood glucose concentration of 

≥200 mg/dL (American Diabetes Association, 2010). The diagnosis can then be 

confirmed with an OGTT if indicated. For those with T2DM, insulin in the blood is 
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usually normal or it may even be elevated. The absence of antibodies against insulin or 

pancreatic β-cells will verify that it is not T1DM (American Diabetes Association, 2010). 

In many cases of T2DM, weight loss or exercise helps to stabilize glycemic 

control without the need for further intervention. However, the need for oral  

glucose-lowering medication is often indicated. Depending on the nature and severity of 

the disease, an individual with T2DM may or may not be dependent on insulin injections 

to maintain good glycemic control. Unlike those with T1DM, these individuals produce 

at least some insulin so that they can survive without exogenous sources if necessary 

(American Diabetes Association, 2010). 

Prediabetes 

There is a state of defective glucose metabolism at a level that is not yet able to be 

diagnosed as diabetes mellitus. This is known as prediabetes, which indicates that an 

eventual progression to full-blown T2DM may develop if adequate intervention does not 

occur. The two categories of prediabetes are impaired fasting glucose (IFG) and impaired 

glucose tolerance (IGT). As in the diagnosis of diabetes mellitus, these conditions are 

assessed using an OGTT (American Diabetes Association, 2010). In IFG, the individual 

has a fasting plasma glucose (FPG) above the normal level at ≥100 g/dL but lower than 

the level indicating diabetes of <126 mg/dL. At two hours after consuming a glucose 

load, those with IGT have a plasma glucose concentration greater than the normal level at 

≥140 mg/dL but less than the level indicating diabetes of <200 mg/dL. The diagnostic 

hemoglobin A1C level for prediabetes is ≥6.0% and ≤6.5%. Like diabetes mellitus, 

prediabetes is often connected to obesity and abdominal adiposity (American Diabetes 
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Association, 2010). It is important to recognize that, at this point, any disruptions of 

normal metabolism are still considered largely reversible (Liu et al, 2009). Therefore, 

early detection and effective intervention are imperative. The same general treatment 

methods for managing diabetes apply to reversing prediabetes as well. Weight loss, 

increased physical activity, and certain medications can help to prevent or at least 

postpone the progression of prediabetes into diabetes mellitus (American Diabetes 

Association, 2010; Mensink et al, 2003). 

Diabetes Mellitus and Cardiovascular Disease Risk 

 Due to the damaging effect of high blood glucose levels, individuals with diabetes 

mellitus are at an increased risk for developing cardiovascular disease (CVD) when 

compared to individuals without diabetes. Thus, CVD is a common cause of morbidity 

and mortality in those with diabetes mellitus. The degree of severity also tends to be 

higher when diabetes mellitus is involved (Polidori, 2003; Voulgari, Papadogiannis, & 

Tentolouris, 2010). Both T1DM and T2DM present an increased risk for developing 

CVD. Uncontrolled and prolonged hyperglycemia leads to oxidative damage of the 

vasculature system, resulting in the complications known to be associated with diabetes 

mellitus. These include aggravated atherosclerosis, kidney damage (nephropathy), nerve 

damage (neuropathy), and retinal damage (retinopathy). With regards to cardiovascular 

disease risk, atherosclerosis is of particular concern. Monitoring and controlling blood 

glucose levels, with or without medication and insulin, is the most effective way to 

prevent such complications (American Diabetes Association, 2010; Polidori, 2003; 

Triplett, 2012). 
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An increased risk for cardiovascular disease translates to an increased risk for 

transient ischemic attack (TIA) and cerebrovascular accident (CVA; stroke). One 

population-based study with a 20-year follow up revealed that 27% of individuals who 

had T2DM had experienced a stroke. Interestingly, stroke tends to be more severe in 

those with diabetes than in those without diabetes. Tight control of blood glucose levels 

appears to be critical to preventing stroke in this population (Samson, 2010). 

Fish Oil Supplementation and Diabetes Mellitus 

Some research suggests that fish oil supplementation may have an insulin 

sensitizing effect. The mechanism by which this is thought to occur is related to the 

incorporation of EPA and DHA into the cellular membrane, thereby increasing its 

fluidity. This then increases the number of insulin receptors that can be incorporated into 

the membrane, allowing increased opportunity for insulin to bind and act on a cell. This, 

in turn, has the potential to decrease insulin resistance (Anderson & Ma, 2009). 

Another potential benefit from fish oil with regards to diabetes is related to the 

cardiovascular aspect of diabetes management. When the endothelial cells of the 

vasculature are subjected to hyperglycemia, a transcription factor known as nuclear factor 

kappa B (NF-kb) is upregulated. It appears that EPA and DHA act to downregulate this 

factor and, as a result, may reduce the vascular damage from the chronically elevated 

levels of blood glucose that are often found in those with diabetes (Anderson & Ma, 

2009). 

An additional component of insulin resistance and diabetes in which fish oil 

supplementation may have an effect is proliferator-activated receptor gamma (PPARγ). 
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PPARγ is responsible for increasing the expression of GLUT-1 and GLUT-4 which 

increases glucose uptake by adipocytes and myocytes. EPA and DHA act as ligands for 

PPARγ to promote its function and decrease levels of glucose in the blood. This 

activation of PPARγ has the secondary effect of inhibiting the expression of insulin 

resistance-promoting cytokines. This then increases plasma levels of adiponectin, a 

hormone that promotes insulin sensitivity and reduces hepatic glucose release (Anderson 

& Ma, 2009; Kalupahana, Claycombe, & Moustaid-Moussa, 2011). Additionally, 

adiponectin acts to increase the breakdown of lipids. This may reduce the inflammatory 

consequences that can arise with excess adipose tissue (Kalupahana, Claycombe, & 

Moustaid-Moussa, 2011).  By these pathways, EPA and DHA appear to have an anti-

diabetic influence (Anderson & Ma, 2009; Kalupahana, Claycombe, & Moustaid-

Moussa, 2011).  

Despite the evidence of these numerous mechanisms, there is limited research 

regarding the effect of fish oil supplementation on insulin sensitivity and the findings are 

not consistent. In one study, healthy participants were asked to eliminate 6000 mg of 

visible fat from their diet and add 6000 mg of fish oil. This resulted in decreased body fat 

mass and increased lipid oxidation within the body. Another study by Browning et al. 

(2007) demonstrated that supplementation with fish oil increased insulin sensitivity in 

overweight women, though it is not clear whether reduced inflammation was a mediating 

factor. Yet another study did not find any beneficial effect for insulin sensitivity with fish 

oil supplementation (Kusunoki et al, 2007). It appears that the benefit of increased insulin 

sensitivity may be limited to healthy non-diabetic individuals. Based on this information, 
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the use of fish oil supplementation could potentially provide some benefit by preventing 

the development or delaying the onset of prediabetes and T2DM (Anderson & Ma, 2009). 

Fish Oil Supplementation and Obesity 

Conventional treatment for obesity involves encouraging a healthy, reduced-

energy diet and regular participation in physical activity. For many individuals however, 

these lifestyle modifications can be very difficult to initiate and maintain. Research 

suggests that EPA and DHA, the long-chain omega-3 fatty acids found in fish oil 

supplementation, may be associated with reduced risk for obesity (Buckley & Howe, 

2010). 

The reduction in risk for obesity is thought to be due to the function of EPA and 

DHA in suppressing appetite, encouraging the development of lean tissue, increasing 

oxidation of lipids, and reducing deposition of lipids into adipose tissue. These metabolic 

changes have been shown to occur in rodents and humans, though there is limited 

evidence to demonstrate an actual reduction in obesity for humans. It has been 

hypothesized that the increase in lean tissue accumulation and maintenance is a result of 

enhanced blood circulation. This is thought to contribute to improved distribution of 

nutrients to skeletal muscle tissue, allowing the tissue to receive the substrates it needs to 

maintain function. There is also some evidence to suggest that EPA reduces the activity 

of the proteolytic ubiquitin-proteasome pathway, thus suppressing the catabolism 

(breakdown) of muscle tissue (Whitehouse & Tisdale, 2001; Wing & Goldberg, 1993; 

Wyke & Tisdale, 2005). Additionally, muscle anabolism (building) may be enhanced 

through EPA’s upregulation of the kinases mTOR and S6K which are involved in muscle 
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protein synthesis (Gingras et al, 2007). The enhancement of lipid oxidation has been 

linked to an upregulation of mitochondrial carnitine palmitoyl transferase I (CPT-I). This 

enzyme is involved in the transport of fatty acids into the mitochondria for oxidation. The 

reduction of lipid deposition into adipose tissue is thought to be a result of decreased 

levels of serum triglycerides (Buckley & Howe, 2010). 

Research with rodents has explored the addition of EPA and DHA to a high-fat, 

obesogenic diet. There is some evidence showing a reduction lipid deposition with this 

feeding method. Unfortunately, the results of studies on this topic have not been fully 

consistent. Several studies with rodents who had diabetes actually demonstrated an 

increase in body weight when fed the high-fat diet with supplementation of EPA and 

DHA (Baillie, Takada, Nakamura, Clarke, & 1999; Belzung, Raclot, & Groscolas, 1993; 

Cunnane, McAdoo, & Horrobin, 1986; Hainault, Carlotti, Hajduch, Guichard, & Lavau, 

1993; Ruzickova, 2004). Nevertheless, this was not seen in rodents without diabetes 

(Todoric et al, 2006). Since body fat was not measured in these studies, however, it is 

uncertain whether the differences in weight were in fact due to changes in body fat 

accumulation (Buckley & Howe, 2010). 

Perhaps, EPA and DHA may be more efficient in preventing obesity in normal 

weight individuals and reducing further accumulation of adipose stores in those who are 

already obese (Buckley & Howe, 2010). It is also worth recognizing that EPA and DHA 

have been shown to reduce levels of inflammation that are associated with high amounts 

of adipose stores (Kalupahana, Claycombe, & Moustaid-Moussa, 2011). Additionally, 

research suggests that fish oil may encourage a more favorable distribution of body fat. 
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Visceral (epididymal) fat, also referred to as abdominal adiposity, is associated with 

greater levels of inflammation, insulin resistance, and dyslipidemia (Athyros, Tziomalos, 

& Mikhalidis, 2011; Klop & Cabezas, 2013). Evidence from rodent studies has shown a 

reduction in visceral fat stores with fish oil supplementation. DHA appears to have a 

more profound impact than EPA in this particular phenomenon (Buckley & Howe, 2010). 

Some evidence suggests an enhanced improvement in body tissue composition may occur 

when EPA and DHA are added to a reduced-energy diet, exercise regimen, or 

combination of the two. Interestingly, the changes seen in body weight and body 

composition appear to occur independently of energy intake (Buckley & Howe, 2010). 

Though a reduction in actual amount of adipose tissue may not occur, these changes may 

potentially reduce the risk for comorbidities associated with obesity such as 

cardiovascular disease (CVD) and diabetes (Buckley & Howe, 2010; Kalupahana, 

Claycombe, & Moustaid-Moussa, 2011).  
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Chapter 3 

METHODS 

Participant Recruitment 

 This 8-week study was a randomized, double-blinded, and placebo-controlled 

trial.  Male and female adults, 18 to 50 years of age and generally healthy, were recruited 

for the present study. Participants were recruited starting in November 2013 using an 

advertising email sent out via a listserve which contained a link to a web-based 

questionnaire. After this initial screening process twenty-four participants, eight male and 

sixteen females, were enrolled on the basis of the following criteria: in good general 

health, 18-50 years old, no current or recent use of fish oil supplements (within the past 2 

months), no heavy use of cigarettes (>10 cigarettes daily), no excessive physical activity, 

non-vegetarian diet, not lactating or pregnant, and not allergic to fish, nuts, or soy 

products. Six females and one male belonged to blood type A. Seven males and ten 

females belonged to blood type O. Approximately 26% of the individuals who responded 

to the initial advertisement fulfilled these criteria and volunteered to participate in the 

study (24 of 92 total respondents). 

Exclusion was based on the following criteria: 1) blood type other than A or O, 2) 

current or past pharmaceutical treatment for cardiovascular disease, 3) regular 

consumption of more than two 3.5 ounce servings of fish per week, 4) underweight 

(BMI<18.5 kg/m
2
) or obesity (BMI >35 kg/m

2
), and 5) use of prescription medication 

that may influence body weight (thyroid medication, corticosteroids, or NSAIDS).  
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Participants were instructed maintain their diet and exercise habits during the study 

period. They were also asked to report any new medical diagnoses or medication use. 

Participants came in for 3 visits over the span of about 2 months. The study was 

completed January 2014. Informed consent was obtained in writing after the purpose, 

nature, and potential risks were explained to the participants. The experimental protocol 

was approved by the Institutional Review Board at Arizona State University. 

Prestudy Qualification 

Following the initial screening using the answers from the online questionnaire, 

eligible participants were asked to come to the university laboratory for further 

assessment of eligibility (Visit 1). After obtaining informed consent, all participants were 

asked to fill out a health history questionnaire which addressed demographic 

characteristics, smoking habits, alcohol intake, eating and exercise habits, and current 

medication use. Height, weight, waist circumference, and body fat (Tanita bioelectrical 

impedance scale) were measured and recorded. Body mass index (BMI) was calculated 

as weight (in kilograms) divided by height (in meters) squared. Participants also 

completed a food frequency questionnaire that has been validated for approximating an 

individual’s typical omega-3 fatty acid intake (Ritter-Gooder, Lewis, Heidal, & Eskridge, 

2006). If found to be ineligible based on the exclusion criteria, participants were released 

from the study. Using a finger prick, a small sample of blood was used to assess blood 

type (EldonCardTM 2511-1 ABO-Rh Home Blood Typing Test Kit). If participants were 

a blood type other than A or O, they were released from the study. If the participants 

were blood type A or O, they were entered into the study and scheduled for visit #2. 
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At visit #2, venous blood sample was taken from an arm vein (<2 Tbsp). Blood 

was processed and used for immediate analyses or frozen (-80°) for future analyses. The 

markers of interest were hemoglobin A1C (HbA1C), high sensitivity C-reactive protein 

(hsCRP), and serum lipids. Blood clotting times were also assessed for a companion 

study.  Participants were stratified by age, BMI, weight, blood type, fish consumption and 

gender and then randomized to one of two groups:  fish oil supplementation (FO; n=13) 

or coconut oil supplementation (CO; n=11). In the fish oil supplementation group, 9 were 

female (3 blood type A, 6 blood type O) and 4 were male (1 blood type A, 3 blood type 

O). In the coconut oil supplementation group, 7 were female (3 blood type A, 4 blood 

type O) and 4 were male (4 blood type O, 0 blood type A). Participants were instructed to 

ingest 2 capsules daily (fish oil, 1000 mg with an EPA:DHA ratio of 4:2, or coconut oil, 

1000 mg) for the course of the 8 week trial. 

Table 3. Fatty Acids in Two 1000 mg EnergyFirst OmegaEnergy Fish Oil Supplements 

Fatty acid Content of Two 1000 mg capsules 

Eicosapentanoic acid 800 mg 

Docosahexanoic acid 400 mg 

 

Table 4. Fatty Acids in Two 1000 mg Puritan’s Pride Organic Coconut Oil Supplements 

Fatty acid Content of Two 1000 mg capsules 

Lauric acid 1760 mg 

Myristic acid 520 mg 

Caprylic acid 212 mg 

Palmitic acid 300 mg 

Capric acid 180 mg 

Oleic acid 200 mg 

Stearic acid 40 mg 

Linoleic acid 40 mg 

 

For additional Supplement Facts details, please reference page 88. 
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Participants were given enough capsules of their assigned supplements to take one 

each day until the next scheduled visit. Calendars were provided with instruction to note 

days that supplements were taken.  

Eight weeks later, participants came in for the final visit (Visit 3). This involved a 

second venous blood draw from an arm vein (<2 Tbsp). The blood was again processed 

and used for immediate analyses or frozen (-80°) for future analyses. The same 

anthropometric measurements were taken as in Visit 1. Twenty-four hour recalls were 

collected from participants at the final visit for the companion study. The same markers 

were assessed as in the previous blood draw. Supplement adherence was determined 

using the days marked off on participants’ calendars. 

Study timeline 

 

 

 

 

Screening 
(Visit 1) 

-Informed consent 
-Health history questionnaire 

-Food frequency questionnaire 
-Blood type check 

Baseline - Week 0 

(Visit 2) 
-First venous blood 

sample to assess 
baseline biomarkers                             

-Distribute supplements 

Week 8 
(Visit 3) 

-Post-intervention  
-Second venous blood sample 
-Pill count and calendar check 

-24 hour recall 
-Debriefing 
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Laboratory Analyses 

At baseline (week 0) (Visit 2) and week 8 (Visit 3), all participants returned to the 

study laboratory and venous blood (2 Tbsp) was collected. The blood samples were 

assessed for cardiovascular biomarkers and long-term glucose control. The samples were 

casual, meaning that they were not specifically taken in a fasting state. The measurement 

of cholesterol (TC, HDL-C, LDL-C, and VLDL-C) does not require fasting blood for 

accuracy. The serum TG measurement, however, is most meaningful when fasting blood 

is used. Blood lipids were assessed using Piccolo. Piccolo directly measures total TC, 

TG, and HDL-C. The machine calculated VLDL-C is by dividing TG by 5 and LDL-C 

was calculated by the machine using the Friedewald equation (LDL-C = TC - (HDL-C + 

TG/5)). Therefore, in this case, LDL-C and VLDL-C measurements were impacted by 

the state of fasting. Hemoglobin A1C was assessed using DCA Vantage Analyzer (Model 

2000) and hsCRP was assessed using COBAS methodologies (model). 

Statistical Methods 

 Statistical analyses were performed using the SPSS Statistical Analysis system 

22.0. Before statistical analysis was conducted, normal distribution and homogeneity of 

the variances were statistically tested. A 2-way ANOVA was run using univariate 

analyses to determine the effects of treatment and blood type on the outcome measures. 

Data are expressed as mean ± standard deviation.  Significant difference within- or 

between-groups was defined as P < 0.05. A large effect size was defined as ≥0.2. 
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Chapter 4 

RESULTS 

Eight men and 16 women were enrolled in the study and randomized to treatment 

groups (26.1±8.6 y; 25.2±3.6 kg/m
2
). Two participants never started the study, and an 

additional 4 participants did not complete the 8-week trial. Two of these individuals 

withdrew for medical reasons that were unrelated to the study protocol. The remainder of 

the participants was lost to attrition (reason unknown). A blood sample could not be 

collected from one of the completing participants; hence, blood data are only available 

for 17 participants. There were no significant differences by gender, age, BMI, or blood 

type for those that did and those that did not complete the study (data not shown). The 

data presented below are for only the 17 participants completing the study for which 

blood data were available.   

The fish oil supplementation group had 10 participants. Of these, 7 were female 

(2 blood type A, 5 blood type O) and 3 were male (1 blood type A, 2 blood type O). 

There were 7 participants in the coconut oil supplementation group. Of these, 4 were 

female (3 blood type A, 1 blood type O) and 3 were male (0 blood type A, 3 blood type 

O).  
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As shown in Table 5, the age of the participants ranged from 22 to 47 years old 

for individuals with blood type A and 18 to 44 years old for those with blood type O. 

Baseline weight for blood type A individuals ranged from 132 to 192 pounds and 131 to 

250 pounds for blood type O individuals. Height for blood type A 167 to 179 centimeters 

blood type O ranged from 168 to 192 centimeters.  Baseline body mass index (BMI) for 

blood type A ranged from 20 to 28 kg/m
2
 and for blood type O, BMI ranged between 

21and 31 kg/m
2
. Physical activity (PA) at baseline ranged from 31 to 128 metabolic 

equivalents (METS) and from 19 to 83 metabolic equivalents (METS) for blood type A 

and blood type O individuals respectively. Omega-3 (n-3) fatty acid intake at baseline 

was 0.16 to 2.24 grams in those with blood type A and 0.03 to 1.74 grams per day in 

those with blood type O. Baseline total cholesterol (TC) ranged from 124 to 266 mg/dL 

in those with blood type A and 95 to 282 mg/dL in those with blood type O. Baseline 

low-density lipoprotein cholesterol (LDL-C) was 39 to 179 mg/dL with blood type A and 

43 to 166 mg/dL with blood type O. Baseline high-density lipoprotein (HDL-C) was 51 

to 78 mg/dL in blood type A and 28 to 80 mg/dL in blood type O. Baseline triglyceride 

(TG) ranged from 35 to 281 mg/dL in blood type A individuals and 46 to 434 mg/dL in 

blood type O individuals. Baseline hemoglobin A1C (HbA1C) was 4.8 to 5.6 percent 

with blood type A and 4.9 to 5.6 percent with blood type O. Baseline C-reactive protein 

(CRP) for blood type A was 0.15 to 7.11 and 0.17 to 3.96 for blood type O. 

As shown in Table 5, there was no association or interaction between blood type 

and group for age, weight, body mass index (BMI), physical activity (PA), omega-3 (n-3) 

fatty acid intake, TC, LDL-C, HDL-C, serum TG, HbA1C, or hsCRP. 
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For the fish oil supplementation group, the percent change in weight for blood 

type A individuals ranged from -1% to +4% and -9% to +5% for blood type O 

individuals. Percent change in percent body fat ranged from -1% to +1% for blood type A 

and -14% to +8% for blood type O. Percent change in TC ranged from -9% to +3% for 

individuals with blood type A and -21% to +15% for individuals with blood type O. 

Percent change in LDL-C for blood type A ranged from -13% to +23% and O ranged 

from -25% to +15% Percent change in HDL-Cfor blood type A ranged from -13% to 

+2% and for blood type O, from -17% to +16%. Percent change in serum TG ranged 

from -19% to +77% for those with blood type A and -41% to +29% for those with blood 

type O. Percent change in HbA1C for blood type A ranged from -11% to -2% and for 

blood type O, from -6% to +9%. Percent change in hsCRP ranged from -90% to +147% 

for individuals with blood type A and -53% to +443% for individuals with blood type O.  

For the coconut oil supplementation group, the percent change in weight for blood 

type A individuals ranged from -5% to 0% and -3% to +2% for blood type O individuals. 

Percent change in TC ranged from -19% to +3% for individuals with blood type A and -

26% to +19% for individuals with blood type O. Percent change in LDL-C for blood type 

A ranged from -32% to +1% and for blood type O, from -25% to -5%. Percent change in 

HDL-C for blood type A ranged from -3% to +11% and for blood type O, from -34% to 

+32%. Percent change in serum TG for blood type A individuals ranged from -16% to 

0% and -17% to +64% for those with blood type O. HbA1C ranged from -2% to +2% for 

those with blood type A and -8% to +6% for those with blood type O. Percent change in 
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high-sensitivity hsCRP ranged from +25% to +127% in those with blood type A and -

81% to +197% in those with blood type O. 

As shown in Table 6, there was a significant difference in percent change in  

LDL-C between treatment groups (p=0.048).There were no significant  associations or 

interactions for blood type and group and percent change in weight, body fat, TC, HDL-

C, TG, HbA1C, or hsCRP. 
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Chapter 5 

DISCUSSION 

 This study represents a randomized, double-blind comparison of four groups of 

healthy individuals: one with blood type A that consumed fish oil supplements, one with 

blood type A that consumed coconut oil supplements, one with blood type O that 

consumed fish oil supplements, and one with blood type O that consumed coconut oil 

supplements. The impact of group and/or blood type for cardiovascular disease markers 

was examined. The biomarkers examined were total cholesterol (TC), low-density 

lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), serum 

triglycerides (TG), hemoglobin A1C (HbA1C), or high-sensitvity C-reactive protein 

(hsCRP). All are well established as indicators of cardiovascular disease risk. 

 The data show that after 8 weeks of coconut oil supplementation, a significant 

reduction in LDL-C was observed compared to the fish oil supplement treatment but this 

difference was not impacted by blood type. Conversely, there was a significant increase 

in LDL-C for blood type A after 8 weeks of fish oil supplementation. There was no 

significant change in weight, body fat, HDL-C, TC, serum TG, HbA1C, hsCRP in either 

blood type A or O with use of fish oil supplements. 

 The supplemental form of coconut oil has been used in several past studies that 

have also examined fish oil supplementation. Dosing was similar, if not identical, to that 

used in the current study (2000 mg/day). At this time, there has not been a documented 

change in the blood lipid profile when coconut oil is used in this manner. Its use in 

research has been quite limited, however, and many of the studies in which it has been 
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used have not actually measured blood lipids (Amminger et al, 2013; Karr, Grindstaff, & 

Alexander, 2012; Mozaffari-Khosravi, Yassini-Ardakani, Karamati, & Shariati-Bafghi, 

2013; Trepanowski, Kabir, Alleman, & Bloomer, 2012). Aside from the supplemental 

form, the dietary form of coconut oil has been studied for its impact on health. This 

tropical oil is known to be quite high in saturated fatty acids (90%) (Palazhy et al, 2012). 

However, the majority of these are medium-chain length (65%), meaning that they are 

absorbed directly into the bloodstream and transported to the liver. Medium-chain 

saturated fatty acids are metabolized by the liver to provide energy, while other fatty 

acids would be used for lipoprotein synthesis (DebMandal & Mandal, 2011). Because of 

this, it has been suggested that coconut oil should have a neutral impact on blood lipids. It 

has been proposed that a beneficial effect may be seen when coconut oil replaces other 

forms of saturated fat, along with trans fats. Some past studies that have demonstrated an 

adverse effect of coconut oil on lipid profiles have been critiqued for using a 

hydrogenated form of the oil (Kintanar, 1988). Studies that have used a non-

hydrogenated supplemental form have shown modest favorable changes in blood lipids. 

Animal studies have shown a decrease in total cholesterol and lipoproteins with coconut 

oil supplementation (Feranil, Duazo, Kuzawa, & Adair, 2011). Nevertheless, much of the 

research on coconut oil has focused on its use as part of the diet rather than as a 

nutritional supplement. Many studies have been non-experimental and have merely 

assessed the impact of individuals’ current dietary habits (i.e. cooking with coconut oil 

versus cooking with another oil) (Feranil, Duazo, Kuzawa, & Adair, 2011; Palazhy et al, 

2012). Also, these studies have involved the use of coconut oil in relatively large 
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amounts; some as high as 20% of total kilocalories (Nevin, 2008). Participants in the 

current study were only asked to take a daily dose of 2000 mg coconut oil and this was 

not intended to replace other fat in the diet. It is likely that the observed decrease in LDL-

C was due to extraneous factors, such as sample size and lifestyle changes. Further 

exploration of this potential association is warranted. 

Previous literature has shown that fish oil supplementation increases blood levels 

of LDL-C. While this would typically be considered an undesirable effect, it has been 

shown that the LDL particles become larger and more buoyant with fish oil use. These 

qualities make the LDL particles less atherogenic, or less likely to contribute to 

atherosclerosis (Chan & Cho, 2009; Dessi, Noce, & Di Daniele, 2013; Gazi et al, 2006). 

A significant increase in LDL-C was demonstrated in the current study, as expected 

based on this literature. 

The EPA and DHA content of the fish oil supplements taken by participants was 

600 mg per capsule. The capsules were to be taken twice a day to provide a total daily 

dose of 1200 mg EPA and DHA. According the United States Department of Agriculture 

(USDA), high omega-3 fish contain approximately 407 mg of EPA and DHA per ounce 

(2004). Using this information, it can be determined that the participants in this study 

consumed the equivalent of 20.6 ounces of high omega-3 fish per week. That is equal to 

five 4-ounce servings per week, or seven 3-oz servings per week. Based on previous 

literature, this dosing is adequate to produce a modest observable change in blood lipids. 

The current study was limited by a small and relatively uniform sample. The 

majority of the participants (22 of 24; 92%) in the study identified themselves as 
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Caucasian. The others (2 of 24; 8%) identified themselves as Hispanic. Because the 

Hispanic individuals resigned from the study before blood could be drawn, it is unclear 

whether ethnicity could have influenced the results of this study. This resulted in an 

ethnically homogenous sample (100% Caucasian). When considering those who 

completed the study, it is important to note that females were overrepresented in the 

sample (65%; 11 of 17), along with those who had blood type O (65%; 11 of 17). Age 

may have been a factor as well, given that the majority (82%; 14 of 17) of the participants 

was between the ages of 18 and 36 years old. Also, the length of time that the 

supplements were taken was relatively short. It may take several months for significant 

changes in blood lipids and hemoglobin A1C to occur. Another consideration is that past 

literature has demonstrated a more dramatic change in triglycerides when they are 

abnormally high. The current study’s participants did not have very high serum 

triglyceride levels (<500 mg/dL). Additionally, the blood draws were not specifically 

taken in a state of fasting. The number of participants who were and were not fasting is 

unknown, Although it has been shown that fasting blood is not necessary for measuring 

total cholesterol and lipoproteins, it is necessary for serum triglycerides which can vary 

depending on recent lipid intake. Further research studies with larger and more diverse 

samples may yield statistical significance, whereas the current study only shows trends 

for change in many parameters. 
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Chapter 6 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

 Aside from aforementioned increase in low-density lipoprotein (LDL) for blood 

type A, the results of the current study did not demonstrate a significant difference in 

cardiovascular disease markers between blood types A and O after consuming fish oil 

supplements relative to coconut oil supplements. However, the effect of fish oil 

supplementation on markers of cardiovascular disease, without consideration for blood 

type, has been thoroughly researched and documented in past studies. It is then feasible 

that a larger and more diverse sample may be enough to show a more definitive 

difference. 

Recommendation 

 Additional research that further explores the topic at hand is recommended to 

improve understanding of fish oil’s influence on cardiovascular disease risk for blood 

types A and O. Recruiting a larger and more diverse sample will be necessary to draw a 

stronger conclusion that can be generalized. It is recommended that blood draws are 

specifically conducted in a state of fasting so that serum triglycerides (TG) and LDL 

cholesterol (LDL-C) levels are more meaningful. Also, the fatty acid content of the 

coconut oil supplement is considerably greater when compared to that of the fish oil 

supplement. This may have influenced the difference in the change observed with the two 

supplements. Based on effective doses in previous research, it is recommended that a 

larger fish oil dose of 3000 to 5000 mg per day be used in future studies.  Finally, 
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conducting a study over a longer period of time may be necessary to see more significant 

results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 

REFERENCES 

 

 

Aburto, N. J., Ziolkovska, A., Hooper, L., Elliott, P., Cappuccio, F. P., &  

Meerpohl, J. J. (2013). Effect of lower sodium intake on health: Systematic 

review and meta-analyses. BMJ (Clinical Research Ed.), 346, f1326. 

doi:10.1136/bmj.f1326  

 

Albert, B. B., Cameron-Smith, D., Hofman, P. L., & Cutfield, W. S. (2013). 

Oxidation of marine omega-3 supplements and human health. BioMed Research 

International, 2013, 464921. doi:10.1155/2013/464921; 10.1155/2013/464921 

 

Alpert, P. T. (2004). New and emerging theories of cardiovascular disease:  

Infection and elevated iron. Biological Research for Nursing, 6(1), 3-10. 

doi:10.1177/1099800404264777  

 

American Diabetes Association. (2010). Diagnosis and classification of  

diabetes mellitus. Diabetes Care, 33(suppl 1), S62.  

 

American Heart Association. (2013). Heart and Stroke Statistics---2014  

Update: A Report from the American Heart Association. 

 

Amminger, G. P., Chanen, A. M., Ohmann, S., Klier, C. M., Mossaheb, N., Bechdolf, 

A., Nelson, B., Thompson,A., McGorry, P. D., Yung, A. R., & Schafer, M. R. 

(2013). Omega-3 fatty acid supplementation in adolescents with borderline 

personality disorder and ultra-high risk criteria for psychosis: A post hoc 

subgroup analysis of a double-blind, randomized controlled trial. Canadian 

Journal of Psychiatry.Revue Canadienne De Psychiatrie, 58(7), 402-408.  

Anderson, B. M., & Ma, D. W. (2009). Are all n-3 polyunsaturated fatty  

acids created equal? Lipids in Health and Disease, 8, 33-511X-8-33. 

doi:10.1186/1476-511X-8-33; 10.1186/1476-511X-8-33  

 

Angerer, P., & von Schacky, C. (2000). N-3 polyunsaturated fatty acids  

and the cardiovascular system. Current Opinion in Lipidology, 11(1), 57-63.  

 

Appel, L. J., Miller, E. R.,3rd, Seidler, A. J., & Whelton, P. K. (1993). Does  

supplementation of diet with 'fish oil' reduce blood pressure? A meta-analysis of 

controlled clinical trials. Archives of Internal Medicine, 153(12), 1429-1438. 

 

 

 

 

 



64 
 

Arunima, S. S. (2014). Influence of virgin coconut oil-enriched diet on the  

transcriptional regulation of fatty acid synthesis and oxidation in rats – a 

comparative study. British Journal of Nutrition, 111(10), 1782; 1782-1790; 

1790. 

 

Athyros, V. G., Tziomalos, K., & Mikhalidis, D. P. (2011). Dyslipidaemia of  

obesity, metabolic syndrome and type 2 diabetes mellitus: the case for residual 

risk reduction after statin treatment. The Open Cardiovascular Medicine 

Journal, 5: 24–34. doi:10.2174/1874192401105010024 
 

Baillie, R., Takada, R., Nakamura, M., & Clarke, S. (1999). Coordinate  

induction of peroxisomal acyl-CoA oxidase and UCP-3 by dietary fishoil: A 

mechanism for decreased body fat deposition. Prostaglandins Leukot. Essent. 

Fatty Acids, 60, 351-356. 

 

Balk, E. M., Lichtenstein, A. H., Chung, M., Kupelnick, B., Chew, P., & Lau,  

J. (2006). Effects of omega-3 fatty acids on serum markers of cardiovascular 

disease risk: A systematic review. Atherosclerosis, 189(1), 19-30. doi:S0021-

9150(06)00069-4 

 

Belalcazar, L. M., Reboussin, D. M., Haffner, S. M., Reeves, R. S.,  

Schwenke, D. C., Hoogeveen, R. C., Pi-Sunyer, F. X., Ballantyne, C. M., Look 

AHEAD (Action for Health in Diabetes) Obesity, Inflammation, and 

Thrombosis Research. (2010). Marine omega-3 fatty acid intake: Associations 

with cardiometabolic risk and response to weight loss intervention in the look 

AHEAD (action for health in diabetes) study. Diabetes Care, 33(1), 197-199. 

doi:10.2337/dc09-1235; 10.2337/dc09-1235  

 

Belzung, F., Raclot, T., & Groscolas, R. (1993). Fish oil n-3 fatty acids  

selectively limit the hypertrophy of abdominal fat depots in growing rats fed 

high-fat diets. Am. J. Physiol. 1993, 264, R1111-R1118. 

 

Bhattacharya, S., Dey, D., & Roy, S. S. (2007). Molecular mechanism of  

insulin resistance. Journal of Biosciences, 32(2), 405-413.  

 

Bitzur, R., Cohen, H., Kamari, Y., Shaish, A., & Harats, D. (2009).  

Triglycerides and HDL cholesterol: Stars or second leads in diabetes? Diabetes 

Care, 32(2), doi:10.2337/dc09-S343 

 

Bjerregaard P., & Johansen L. G. (1987). Mortality pattern in Greenland. An  

analysis of potential years of life lost 1968-83. Arctic Medical Research, 

46(2):71-7. 

 

 



65 
 

Browning, L. M., Krebs, J. D., Moore, C. S., Mishra, G. D., O'Connell, M. A.,  

& Jebb, S. A. (2007). The impact of long chain n-3 polyunsaturated fatty acid 

supplementation on inflammation, insulin sensitivity and CVD risk in a group 

of overweight women with an inflammatory phenotype. Diabetes, Obesity & 

Metabolism, 9(1), 70-80. doi:DOM576 

 

Bucher, H. C., Hengstler, P., Schindler, C., & Meier, G. (2002). N-3  

polyunsaturated fatty acids in coronary heart disease: A meta-analysis of 

randomized controlled trials. The American Journal of Medicine, 112(4), 298-

304. doi:S0002934301011147 

 

Buckley, J. D., & Howe, P. R. C. (2010). Long-Chain Omega-3  

Polyunsaturated Fatty Acids May Be Beneficial for Reducing Obesity—A 

Review. Nutrients, 2(12), 1212-1230. doi:0.3390/nu2121212 
 

Burr, M. L., Fehily, A. M., Gilbert, J. F., Rogers, S., Holliday, R. M.,  

Sweetnam, P. M.,  Elwood, P. C., & Deadman, N. M. (1989). Effects of changes 

in fat, fish, and fibre intakes on death and myocardial reinfarction: Diet and 

reinfarction trial (DART). Lancet, 2(8666), 757-761. doi:S0140-

6736(89)90828-3 

 

Calder, P. C. (2013). Omega-3 polyunsaturated fatty acids and inflammatory  

processes: nutrition or pharmacology? British Journal of Clinical 

Pharmacology, 75(3), 645–662. doi: 10.1111/j.1365-2125.2012.04374.x 

 

Calo, L., Bianconi, L., Colivicchi, F., Lamberti, F., Loricchio, M. L., de Ruvo,  

E., Meo, A., Pandozi, C., Staibano, M., & Santini, M. (2005). N-3 fatty acids for 

the prevention of atrial fibrillation after coronary artery bypass surgery: A 

randomized, controlled trial. Journal of the American College of Cardiology, 

45(10), 1723-1728. doi:S0735-1097(05)00687-X 

 

Calviello, G. (2013). Experimental evidence of ω-3 polyunsaturated fatty  

acid modulation of inflammatory cytokines and bioactive lipid mediators: Their 

potential role in inflammatory, neurodegenerative, and neoplastic diseases. 

BioMed Research International, 2013(7), 743171.  

 

Carter, J. R., Schwartz, C. E., Yang, H., & Joyner, M. J. (2012). Fish oil and 

neurovascular control in humans. American Journal of Physiology. Heart and 

Circulatory Physiology, 303(4), H450-6. doi:10.1152/ajpheart.00353.2012; 

10.1152/ajpheart.00353.2012  

 

Ceccatelli, S., Daré, E., & Moors, M. (2010). Methylmercury-induced  

neurotoxicity and apoptosis. Chemico-biological interactions, 188(2), 301 - 8. 

doi:10.1016/j.cbi.2010.04.007 



66 
 

 

Chan E. J., & Cho L. (2009). What can we expect from omega-3 fatty acids?  

Cleveland Clinical Journal of Medicine, 76(4), 245-51. 

doi:10.3949/ccjm.76a.08042. 

 

Chan, D. C., Watts, G. F., Nguyen, M. N., & Barrett, P. H. (2002). European  

Journal of Clinical Investigation, 32(6), 429-436. 

 

Chowdhury, R., Stevens, S., Gorman, D., Pan, A., Warnakula, S.,  

Chowdhury, S., Ward, H., Johnson, L., Crowe, F., Hu, F. B., & Franco, O. H. 

(2012). Association between fish consumption, long chain omega 3 fatty acids, 

and risk of cerebrovascular disease: Systematic review and meta-analysis. BMJ 

(Clinical Research Ed.), 345, e6698. doi:10.1136/bmj.e6698  

 

Cunnane, S.. McAdoo, K., & Horrobin, D. (1986). n-3 essential fatty acids  

decrease weight gain in genetically obese mice. Br. J. Nutr., 56, 87-95. 

 

DebMandal, M., & Mandal, S. (2011). Coconut (cocos nucifera L.:  

Arecaceae): In health promotion and disease prevention. Asian Pacific Journal 

of Tropical Medicine, 4(3), 241-247. doi:10.1016/S1995-7645(11)60078-3 [doi] 

 

Deckelbaum, R. J., & Torrejon, C. (2012). The omega-3 fatty acid  

nutritional landscape: Health benefits and sources. The Journal of Nutrition, 

142(3), 587S-591S. doi:10.3945/jn.111.148080; 10.3945/jn.111.148080 

 

de Lorgeril, M., & Salen, P. (2012). New insights into the health effects of  

dietary saturated and omega-6 and omega-3 polyunsaturated fatty acids. BMC 

Medicine, 10, 50-7015-10-50. doi:10.1186/1741-7015-10-50; 10.1186/1741-

7015-10-50  

 

Dentali, F., Sironi, A. P., Ageno, W., Crestani, S., & Franchini, M. (2014).  

ABO blood group and vascular disease: An update. Seminars in Thrombosis 

and Hemostasis, 40(1), 49-59. doi:10.1055/s-0033-1363460; 10.1055/s-0033-

1363460  

 

Dessi, M., Noce, A., & Di Daniele, N. (2013). Atherosclerosis, Dyslipidemia,  

and Inflammation: The Significant Role of Polyunsaturated Fatty Acids. 2013, 

191823. doi:10.1155/2013/191823 

 

 

 

 

 

 



67 
 

Dewell, A., Marvasti, F. F., Harris, W. S., Tsao, P., & Gardner, C. D.  

(2011). Low- and high-dose plant and marine (n-3) fatty acids do not affect 

plasma inflammatory markers in adults with metabolic syndrome. The Journal 

of Nutrition, 141(12), 2166-2171. doi:10.3945/jn.111.142240; 

10.3945/jn.111.142240  

 

Djousse, L., Gaziano, J. M., Buring, J. E., & Lee, I. M. (2011). Dietary  

omega-3 fatty acids and fish consumption and risk of type 2 diabetes. The 

American Journal of Clinical Nutrition, 93(1), 143-150. 

doi:10.3945/ajcn.110.005603; 10.3945/ajcn.110.005603 

 

Dwyer, J. H., Allayee, H., Dwyer, K. M., Fan, J., Wu, H., Mar, R., Lusis, A.J.,  

& Mehrabian, M. (2004). Arachidonate 5-lipoxygenase promoter genotype, 

dietary arachidonic acid, and atherosclerosis. The New England Journal of 

Medicine, 350(1), 29-37. doi:10.1056/NEJMoa025079 

 

Edmonds, M. J., Crichton, T. J., Runciman, W. B., & Pradhan, M. (2004).  

Evidence-based risk factors for postoperative deep vein thrombosis. ANZ 

Journal of Surgery, 74(12), 1082-1097. doi:10.1111/j.1445-1433.2004.03258.x  

 

Eussen, S. R., Geleijnse, J. M., Giltay, E. J., Rompelberg, C. J., Klungel,  

O. H., & Kromhout, D. (2012). Effects of n-3 fatty acids on major 

cardiovascular events in statin users and non-users with a history of myocardial 

infarction. European Heart Journal, 33(13), 1582-1588. 

doi:10.1093/eurheartj/ehr499; 10.1093/eurheartj/ehr499 

 

Faralli, A., Bigoni, M., Mauro, A., Rossi, F., & Carulli, D. Noninvasive  

strategies to promote functional recovery after stroke. Neural Plast, 2013: 

854597. 

 

Feranil, A. B., Duazo, P. L., Kuzawa, C. W., & Adair, L. S. (2011). Coconut  

oil is associated with a beneficial lipid profile in pre-menopausal women in the 

Philippines. Asia Pacific Journal of Clinical Nutrition, 20(2), 190-195. 

 

Filion, K. B., El Khoury, F., Bielinski, M., Schiller, I., Dendukuri, N., &  

Brophy, J. M. (2010). Omega-3 fatty acids in high-risk cardiovascular patients: 

A meta-analysis of randomized controlled trials. BMC Cardiovascular 

Disorders, 10, 24-2261-10-24. doi:10.1186/1471-2261-10-24; 10.1186/1471-

2261-10-24  

 

Flegel W.A. (2013). ABO genotyping: the quest for clinical applications.  

Blood Transfus, 11(1):6-9. 

 

 



68 
 

Gazi, I., Liberopoulos, E. N., Saougos, V. G., & Elisaf, M. (2006).  

Beneficial effects of omega-3 fatty acids: The current evidence. Hellenic 

Journal of Cardiology, 47(4), 223-231.  

 

Geleijnse, J. M., de Goede, J., & Brouwer, I. A. (2010). Alpha-linolenic  

acid: is it essential to cardiovascular health? Current Atherosclerosis Reports, 

12(6), 359-367. doi:10.1007/s11883-010-0137-0; 10.1007/s11883-010-0137-0 

 

Geleijnse, J. M., Giltay, E. J., Grobbee, D. E., Donders, A. R., & Kok, F. J.  

(2002). Blood pressure response to fish oil supplementation: Metaregression 

analysis of randomized trials. Journal of Hypertension, 20(8), 1493-1499. 

 

Gingras, A. White, P., Chouinard, P., Julien, P., Davis, T., Dombrowski, L.,  

Couture, Y., Dubreuil, P., Myre, A., Bergeron, K., Marette, A., & Thivierge, M. 

(2007). Long-chain omega-3 fatty acids regulate bovine whole-body protein 

metabolism by promoting muscle insulin signalling to the Akt-mTOR-S6K1 

pathway and insulin sensitivity. Journal of Physiology, 579, 269-284 

 

Golomb, BA, & Evans, MA. (2008). Statin adverse effects: a review of  

the literature and evidence for a mitochondrial mechanism. American Journal of 

Cardiovascular Drugs, 8(6): 373–418. 

 

Hainault, I., Carlotti, M., Hajduch, E., Guichard, C., & Lavau, M. (1993). Fish  

oil in a high lard diet prevents obesity, hyperlipidemia, and adipocyte insulin 

resistance in rats. Ann. N. Y. Acad. Sci., 683, 98-101. 

 

Hara, M., Sakata, Y., Nakatani, D., Suna, S., Usami, M., Matsumoto, S.,  

Hamasaki, T., Doi, Y., Nishino, M., Sato, H., Kitamura, T., Nanto, S., Hori, M., 

Komuro, I., & Osaka Acute Coronary Insufficiency Study (OACIS) 

Investigators. (2013). Low levels of serum n-3 polyunsaturated fatty acids are 

associated with worse heart failure-free survival in patients after acute 

myocardial infarction. Circulation Journal : Official Journal of the Japanese 

Circulation Society, 77(1), 153-162. 

 

Harris, W. S. (1997). N-3 fatty acids and serum lipoproteins: Human studies.  

The American Journal of Clinical Nutrition, 65(5 Suppl), 1645S-1654S. 

 

Harris, W. S., Ginsberg, H. N., Arunakul, N., Shachter, N. S., Windsor,  S. L.,  

Adams, M., Berglund, L., & Osmundsen, K. (1997). Safety and efficacy of 

Omacor in severe hypertriglyceridemia. Journal of Cardiovascular Risk, 4(5-6): 

385-391.  

 

 

 



69 
 

He, M., Wolpin, B., Rexrode, K., Manson, J. E., Rimm, E., Hu, F. B., & Qi, L.  

(2012). ABO blood group and risk of coronary heart disease in two prospective 

cohort studies. Arteriosclerosis, Thrombosis, and Vascular Biology, 32(9):2314-

20. doi: 10.1161/ATVBAHA.112.248757 

 

Houston, M. (2014).The role of nutrition and nutraceutical supplements in  

the treatment of hypertension. 6(2), 38–66. doi:10.4330/wjc.v6.i2.38 

 

Itariu, B. K., Zeyda, M., Hochbrugger, E. E., Neuhofer, A., Prager, G.,  

Schindler, K., Bohdjalian, A., Mascher, D., Vangala, S., Schranz, M., Krebs, 

M., Bischof, M. G., & Stulnig, T. M. (2012). Long-chain n-3 PUFAs reduce 

adipose tissue and systemic inflammation in severely obese nondiabetic 

patients: A randomized controlled trial. The American Journal of Clinical 

Nutrition, 96(5), 1137-1149. doi:10.3945/ajcn.112.037432; 

10.3945/ajcn.112.037432  

 

Jenkins, D. J., & Josse, A. R. (2008). Fish oil and omega-3 fatty acids.  

CMAJ : Canadian Medical Association Journal, 178(2), 150. 

doi:10.1503/cmaj.071754; 10.1503/cmaj.071754  

 

Judge, E. P., Phelan, D., & O'Shea, D. (2010). Beyond statin therapy: A  

review of the management of residual risk in diabetes mellitus. Journal of the 

Royal Society of Medicine, 103(9), 357-362. doi:10.1258/jrsm.2010.100033; 

10.1258/jrsm.2010.100033 

 

Jump, D. B., Depner, C. M., & Tripathy, S. (2012). Omega-3 fatty acid  

supplementation and cardiovascular disease. Journal of Lipid Research, 53(12), 

2525-2545. doi:10.1194/jlr.R027904; 10.1194/jlr.R027904  

 

Kalupahana, N. S., Claycombe, K. J., & Moustaid-Moussa, N. (2011).  

(n-3) fatty acids alleviate adipose tissue inflammation and insulin resistance: 

Mechanistic insights. Advances in Nutrition, 2(4), 304-316. 

doi:10.3945/â€‹an.111.000505; 10.3945/an.111.000505 

 

Karr, J. E., Grindstaff, T. R., & Alexander, J. E. (2012). Omega-3  

polyunsaturated fatty acids and cognition in a college-aged population. 

Experimental and Clinical Psychopharmacology, 20(3), 236-242. 

doi:10.1037/a0026945; 10.1037/a0026945  

 

Keenan, A. H., Pedersen, T. L., & Newman, J. W. (2012). Basal omega-3  

fatty acid status affects fatty acid and oxylipin responses to high-dose n3-HUFA 

in healthy volunteers. Journal of Lipid Research, 53(8), 1662–1669. 

 

 



70 
 

Kelley, D. S., Siegel, D., Fedor, D. M., Adkins, Y., & Mackey, B. E. (2009). 

DHA supplementation decreases serum C-reactive protein and other markers of 

inflammation in hypertriglyceridemic men. The Journal of Nutrition, 139(3), 

495-501. doi:10.3945/jn.108.100354; 10.3945/jn.108.100354 

 

Kelly, R. B. (2010). Diet and exercise in the management of  

hyperlipidemia. American Family Physician, 81(9), 1097-1102.  

 

Ketch, T. R., Turner, S. J., Sacrinty, M. T., Lingle, K. C., Applegate, R. J.,  

Kutcher, M. A., & Sane, D. C. (2008). ABO blood types: influence on infarct 

size, procedural characteristics and prognosis. Thrombosis Research, 123(2), 

200-205. doi:10.1016/j.thromres.2008.02.003; 10.1016/j.thromres.2008.02.003 

 

Kintanar, Q. Is coconut oil hypercholesterolemic and atherogenic? A focused  

review of the literature. Transactions of the Academy of Science and 

Technology, 10, 371-414  

 

Kiso, Y. (2011). Pharmacology in health foods: Effects of arachidonic acid  

and docosahexaenoic acid on the age-related decline in brain and cardiovascular 

system function. Journal of Pharmacological Sciences, 115(4), 471-475.  

 

Klop, B., Else, J. W. F., & Cabezas, M.C. (2013). Dyslipidemia in obesity:  

mechanisms and potential targets. 5(4): 1218–1240. doi:10.3390/nu5041218 

 

Kotwal, S., Jun, M., Sullivan, D., Perkovic, V., & Neal, B. (2012). Omega 3  

fatty acids and cardiovascular outcomes: Systematic review and meta-analysis. 

Circulation.Cardiovascular Quality and Outcomes, 5(6), 808-818. 

doi:10.1161/CIRCOUTCOMES.112.966168; 

10.1161/CIRCOUTCOMES.112.966168  

 

Kromhout, D., Giltay, E. J., Geleijnse, J. M., & Alpha Omega Trial Group.  

(2010). N-3 fatty acids and cardiovascular events after myocardial infarction. 

The New England Journal of Medicine, 363(21), 2015-2026. 

doi:10.1056/NEJMoa1003603; 10.1056/NEJMoa1003603 

 

Kromhout, D., Yasuda, S., Geleijnse, J. M., & Shimokawa, H. (2012).  

Fish oil and omega-3 fatty acids in cardiovascular disease: Do they really work? 

European Heart Journal, 33(4), 436-443. doi:10.1093/eurheartj/ehr362; 

10.1093/eurheartj/ehr362 

 

 

 

 

 



71 
 

Kusunoki, M., Tsutsumi, K., Nakayama, M., Kurokawa, T., Nakamura, T.,  

Ogawa, H., Fukuzawa, Y., Morishita, M., Koide, T., & Miyata, T. (2007). 

Relationship between serum concentrations of saturated fatty acids and 

unsaturated fatty acids and the homeostasis model insulin resistance index in 

japanese patients with type 2 diabetes mellitus. The Journal of Medical 

Investigation : JMI, 54(3-4), 243-247. doi:JST.JSTAGE/jmi/54.243 

 

Landmark, K., & Alm, C. S. (2012). Fish and omega-3 fatty acids and  

heart failure. Tidsskrift for Den Norske Laegeforening: Tidsskrift for Praktisk 

Medicin, Ny Raekke, 132(20), 2281-2284. doi:10.4045/tidsskr.11.1302; 

10.4045/tidsskr.11.1302 

 

Lands, B. (2012). Consequences of essential fatty acids. Nutrients, 4(9),  

1338-1357. doi:10.3390/nu4091338; 10.3390/nu4091338  

 

Leaf, A., Albert, C. M., Josephson, M., Steinhaus, D., Kluger, J., Kang, J. X.,  

Cox, B., Zhang, H., Schoenfeld, D., & Fatty Acid Antiarrhythmia Trial 

Investigators. (2005). Prevention of fatal arrhythmias in high-risk subjects by 

fish oil n-3 fatty acid intake. Circulation, 112(18), 2762-2768. doi:112/18/2762 

 

Lee, S. M, & An, W. S. (2013). Cardioprotective effects of ω -3 PUFAs in  

chronic kidney disease. BioMed Research International, 2013(2), 712949.  

 

Lee, S. H., Park, G., Yang, Y. G., Lee, S. G., & Kim, S. W. (2009). Rapid  

ABO genotyping using whole blood without DNA purification. The  

Korean Journal for Laboratory Medicine, 29(3):231-7. 

doi:10.3343/kjlm.2009.29.3.231. 

 

Lenihan-Geels, G., Bishop, K. S., & Ferguson, L. R. (2013). Alternative  

sources of omega-3 fats: Can we find a sustainable substitute for fish? Nutrients, 

5(4), 1301-1315. doi:10.3390/nu5041301; 10.3390/nu5041301 

 

Liu, Q., Sun, L., Tan, Y., Wang, G., Lin, X., & Cai, L. (2009). Role of iron 

deficiency and overload in the pathogenesis of diabetes and diabetic 

complications. Current Medicinal Chemistry, 16(1), 113-129. 

 

Macchia, A., Romero, M., D'Ettorre, A., Tognoni, G., & Mariani, J. (2013). 

Exploratory analysis on the use of statins with or without n-3 PUFA and major 

events in patients discharged for acute myocardial infarction: An observational 

retrospective study. PloS One, 8(5), e62772. doi:10.1371/journal.pone.0062772; 

10.1371/journal.pone.0062772 

 

 

 



72 
 

Mahaffey, K. K. R. (2008). Methylmercury and omega-3 fatty acids: Co- 

occurrence of dietary sources with emphasis on fish and shellfish. 

Environmental Research, 107(1), 20; 20-29; 29. 

 

Manson, J. E., Bassuk, S. S., Lee, I. M., Cook, N. R., Albert, M. A., Gordon,  

D., Zaharris, E., Macfadyen, J. G., Danielson, E., Lin, J., Zhang, S. M., & 

Buring, J. E. (2012). The VITamin D and OmegA-3 TriaL (VITAL): Rationale 

and design of a large randomized controlled trial of vitamin D and marine 

omega-3 fatty acid supplements for the primary prevention of cancer and 

cardiovascular disease. Contemporary Clinical Trials, 33(1), 159-171. 

doi:10.1016/j.cct.2011.09.009; 10.1016/j.cct.2011.09.009  

 

Martin de Santa Olalla, L., Sanchez Muniz, F. J., & Vaquero, M. P. (2009). 

n-3 fatty acids in glucose metabolism and insulin sensitivity. Nutricion 

Hospitalaria, 24(2), 113-127. 

 

Matsuzaki, M., Yokoyama, M., Saito, Y., Origasa, H., Ishikawa, Y., Oikawa,  

S., Sasaki, J., Hishida, H., Itakura, H., Kita, T., Kitabatake, A., Nakaya, N., 

Sakata, T., Shimada, K., Shirato, K., & Matsuzawa, Y.; JELIS Investigators. 

(2009). Incremental effects of eicosapentaenoic acid on cardiovascular events in 

statin-treated patients with coronary artery disease. Circulation Journal, 73(7), 

1283-90 

 

Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A., Treacher,  

D. F., & Turner R.C. (1985). Homeostasis model assessment: insulin resistance 

and beta-cell function from fasting plasma glucose and insulin concentrationsin 

man. Diabetologia, 28: 412–419. 

 

MedLine Plus. ESR. (2012). National Institutes of Health. Bethesda, MD. 

Web. Accessed December 17, 2012. 

 

Mensink, M., Corpeleijn, E., Feskens, E. J., Kruijshoop, M., Saris, W. H.,  

de Bruin, T. W., & Blaak, E. E. (2003). Study on lifestyle-intervention and 

impaired glucose tolerance maastricht (SLIM): Design and screening results. 

Diabetes Research and Clinical Practice, 61(1), 49-58. 

 

Michas, G., Micha, R., & Zampelas, A. (2014). Dietary fats and  

cardiovascular disease: Putting together the pieces of a complicated puzzle. 

Atherosclerosis, 234(2), 320-328. doi:S0021-9150(14)00162-2 

 

Miller, C. H., Haff, E., Platt, S. J., Rawlins, P., Drews, C. D., Dilley,  

A. B., & Evatt, B. (2003). Measurement of von willebrand factor activity: 

Relative effects of ABO blood type and race. Journal of Thrombosis and 

Haemostasis, 1(10), 2191-2197.  



73 
 

Montegaard, C., Tulk, H. M., Lauritzen, L., Tholstrup, T., & Robinson,  

L. E. (2010). Acute ingestion of long-chain (n-3) polyunsaturated fatty acids 

decreases fibrinolysis in men with metabolic syndrome. The Journal of 

Nutrition, 140(1), 38-43. doi:10.3945/jn.109.111427; 10.3945/jn.109.111427 

 

Morris, M. C., Sacks, F., & Rosner, B. (1993). Does fish oil lower blood  

pressure? A meta-analysis of controlled trials. Circulation, 88(2), 523-533. 

 

Mozaffarian, D. (2011). Circulating long-chain ω-3 fatty acids and incidence  

of congestive heart failure in older adults: The cardiovascular health study: A 

cohort study. Annals of Internal Medicine, 155(3), 160; 160-70; 170. 

 

Mozaffarian D., Micha R., & Wallace S. K. (2010). Effects on coronary heart  

disease of increasing polyunsaturated fat in place of saturated fat: a systematic 

review and meta-analysis of randomized controlled trials. PLoS Medicine, 

7(3):e1000252. doi: 10.1371/journal.pmed.1000252. 

 

Mozaffarian, D., & Wu, J. H. (2012). (n-3) fatty acids and cardiovascular  

health: Are effects of EPA and DHA shared or complementary? The Journal of 

Nutrition, 142(3), 614S-625S. doi:10.3945/jn.111.149633; 

10.3945/jn.111.149633  

 

Mozaffari-Khosravi, H., Yassini-Ardakani, M., Karamati, M., &  

Shariati-Bafghi, S. E. (2013). Eicosapentaenoic acid versus docosahexaenoic 

acid in mild-to-moderate depression: A randomized, double-blind, placebo-

controlled trial. European Neuropsychopharmacology : The Journal of the 

European College of Neuropsychopharmacology, 23(7), 636-644. 

doi:10.1016/j.euroneuro.2012.08.003; 10.1016/j.euroneuro.2012.08.003  

 

Muniyappa, R., Lee, S., Chen, H., & Quon, M. J. (2008). Current  

approaches for assessing insulin sensitivity and resistance in vivo: advantages, 

limitations, and appropriate usage. American Journal of 

Physiology.Endocrinology and Metabolism, 294(1), E15-26. 

doi:10.1152/ajpendo.00645.2007  

 

Murakami, M. (2011). Lipid mediators in life science. Experimental  

Animals / Japanese Association for Laboratory Animal Science, 60(1), 7-20.  

 

National Institutes of Health. (2001). ATP III guidelines at-a-glance quick  

desk reference. NIH Publication No. 01-3305. 

 

 

 

 



74 
 

Nevin, K. G. K. G. (2008). Influence of virgin coconut oil on blood  

coagulation factors, lipid levels and LDL oxidation in cholesterol fed Sprague–

Dawley rats. E-SPEN, the European e-Journal of Clinical Nutrition and 

Metabolism, 3(1), e1; e1-e8; e8. 

 

Newens, K. J., Thompson, A. K., Jackson, K. G., Wright, J., & Williams,  

C. M. (2011). DHA-rich fish oil reverses the detrimental effects of saturated 

fatty acids on postprandial vascular reactivity. The American Journal of Clinical 

Nutrition, 94(3), 742-748. doi:10.3945/ajcn.110.009233; 

10.3945/ajcn.110.009233 

 

Nilsson, A., Radeborg, K., Salo, I., & Bjorck, I. (2012). Effects of  

supplementation with n-3 polyunsaturated fatty acids on cognitive performance 

and cardiometabolic risk markers in healthy 51 to 72 years old subjects: A 

randomized controlled cross-over study. Nutrition Journal, 11, 99-2891-11-99. 

doi:10.1186/1475-2891-11-99; 10.1186/1475-2891-11-99 

 

Ohira, T., Cushman, M., Tsai, M. Y., Zhang, Y., Heckbert, S. R., Zakai, N.A.,  

Rosamond, W. D., & Folsom, A. R. (2007). ABO blood group, other risk 

factors and incidence of venous thromboembolism: the Longitudinal 

Investigation of Thromboembolism Etiology (LITE). J Thromb Haemost, 

5(7):1455-1461. 

 

O'Keefe, J. H., Carter, M. D., & Lavie, C. J. (2009). Primary and secondary  

prevention of cardiovascular diseases: A practical evidence-based approach. 

Mayo Clinic Proceedings, 84(8), 741-757. doi:10.1016/S0025-6196(11)60525-

9; 10.1016/S0025-6196(11)60525-9  

 

Paciaroni M, & Bogousslavsky J. (2010). Primary and secondary prevention  

of ischemic stroke. Eur Neurol, 63(5):267-278. 

 

Palazhy, S., Kamath, P., Rajesh, P. C., Vaidyanathan, K., Nair, S. K., &  

Vasudevan, D. M. (2012). Composition of plasma and atheromatous plaque 

among coronary artery disease subjects consuming coconut oil or sunflower oil 

as the cooking medium. Journal of the American College of Nutrition, 31(6), 

392-396. doi:31/6/392 [pii] 

 

Pase, M. P., Grima, N. A., & Sarris, J. (2011). The effects of dietary and  

nutrient interventions on arterial stiffness: A systematic review. The American 

Journal of Clinical Nutrition, 93(2), 446-454. doi:10.3945/ajcn.110.002725; 

10.3945/ajcn.110.002725 

 

 

 



75 
 

Patel, J. V., Tracey, I., Hughes, E. A., & Lip, G. Y. (2009). Omega-3  

polyunsaturated fatty acids: A necessity for a comprehensive secondary 

prevention strategy. Vascular Health and Risk Management, 5, 801-810. 

 

Pirillo, A., Norata, G. D., & Catapano, A. L. (2013). High-density  

lipoprotein subfractions--what the clinicians need to know. Cardiology, 124(2), 

116-125. doi:10.1159/000346463; 10.1159/000346463  

 

Polidori, M.C. (2003). Antioxidant micronutrients in the prevention of  

age-related diseases. Journal of Postgraduate Medicine, 49(3):229-35. 

 

Poppitt, S. D., Howe, C. A., Lithander, F. E., Silvers, K. M., Lin, R. B.,  

Croft, J., Ratnasabapathy, Y., Gibson,R.A., & Anderson, C. S. (2009). Effects 

of moderate-dose omega-3 fish oil on cardiovascular risk factors and mood after 

ischemic stroke: A randomized, controlled trial. Stroke; a Journal of Cerebral 

Circulation, 40(11), 3485-3492. doi:10.1161/STROKEAHA.109.555136; 

10.1161/STROKEAHA.109.555136  

 

Pownall, H. J., Brauchi, D., Kilinc, C., Osmundsen, K., Pao, Q., Payton-Ross,  

C., Gotto, A. M., Jr,  & Ballantyne, C. M. (1999). Correlation of serum 

triglyceride and its reduction by omega-3 fatty acids with lipid transfer activity 

and the neutral lipid compositions of high-density and low-density lipoproteins. 

Atherosclerosis, 143(2), 285-297. doi:S0021915098003013 

 

Raatz, S. K., Silverstein, J. T., Jahns, L., & Picklo, M. J. (2013). Issues of fish  

consumption for cardiovascular disease risk reduction. Nutrients, 5(4), 1081-

1097. doi:10.3390/nu5041081; 10.3390/nu5041081 

 

Raitt, M. H., Connor, W. E., Morris, C., Kron, J., Halperin, B., Chugh, S. S.,  

McClelland, J., Cook, J., MacMurdy, K., Swenson, R., Connor, S. L., Gerhard, 

G., Kraemer, D. F., Oseran, D., Marchant, C., Calhoun, D., Shnider, R., & 

McAnulty,  J. (2005). Fish oil supplementation and risk of ventricular 

tachycardia and ventricular fibrillation in patients with implantable 

defibrillators: A randomized controlled trial. JAMA : The Journal of the 

American Medical Association, 293(23), 2884-2891. doi:293/23/2884 

 

Risk and Prevention Study Collaborative Group, Roncaglioni, M. C.,  

Tombesi, M., Avanzini, F., Barlera, S., Caimi, V., Longoni, P., Marzona, I., 

Milani, V., Silletta, M. G., Tognoni, G., & Marchioli, R. (2013). n-3 fatty acids 

in patients with multiple cardiovascular risk factors. The New England Journal 

of Medicine, 368(19), 1800-1808. doi:10.1056/NEJMoa1205409; 

10.1056/NEJMoa1205409 

 

 



76 
 

Ritter-Gooder, P. K., Lewis, N. M., Heidal, K. B., & Eskridge, K.M. (2006).  

Validity and Reliability of a Quantitative Food Frequency Questionnaire 

Measuring Omega-3 Fatty Acid Intakes in Cardiac Patients in the Midwest. 

Journal of the American Dietetic Association, 106(8):1251-1255 

 

Roumen, C., Feskens, E. J., Jansen, E. H., Saris, W. H., & Blaak, E. E.  

(2008). Changes in transferrin are related to changes in insulin resistance: The 

SLIM study. Diabetic Medicine : A Journal of the British Diabetic Association, 

25(12), 1478-1482. doi: 10.1111/j.1464-5491.2008.02589.x  

 

Rudkowska, I. (2012). Lipid lowering with dietary supplements: Focus on  

diabetes. Maturitas, 72(2), 113-116. doi:10.1016/j.maturitas.2012.03.001 

 

Ruzickova, J., Rossmeisl, M., Prazak, T., Flachs, P., Sponarova, J., Veck, M.,  

Tvrzicka, E., Bryhn, M., & Kopecky, J. (2004). Omega-3 PUFA of marine 

origin limit diet-induced obesity in mice by reducing cellularity of adipose 

tissue. Lipids, 39, 1177-1185. 

 

Salisbury, A. C., Harris, W. S., Amin, A. P., Reid, K. J., O'Keefe, J. H.,Jr,  

& Spertus, J. A. (2012). Relation between red blood cell omega-3 fatty acid 

index and bleeding during acute myocardial infarction. The American Journal of 

Cardiology, 109(1), 13-18. doi:10.1016/j.amjcard.2011.07.063; 

10.1016/j.amjcard.2011.07.063  

 

Samson Y. (2010). Reducing post-stroke disability in diabetic patients.  

Diabetes Metab, 36 Suppl 3:S88-93. 

 

Sanders, T. A., Hall, W. L., Maniou, Z., Lewis, F., Seed, P. T., &  

Chowienczyk, P. J. (2011). Effect of low doses of long-chain n-3 PUFAs on 

endothelial function and arterial stiffness: A randomized controlled trial. The 

American Journal of Clinical Nutrition, 94(4), 973-980. 

doi:10.3945/ajcn.111.018036; 10.3945/ajcn.111.018036 

 

Sauder, K. A., Skulas-Ray, A. C., Campbell, T. S., Johnson, J. A.,  

Kris-Etherton, P. M., & West, S. G. (2013). Effects of omega-3 fatty acid 

supplementation on heart rate variability at rest and during acute stress in adults 

with moderate hypertriglyceridemia. Psychosomatic Medicine, 75(4), 382-389. 

doi:10.1097/PSY.0b013e318290a107; 10.1097/PSY.0b013e318290a107 

 

Sarmento, R. A., Silva, F. M., Sbruzzi, G., Schaan, B. D., & Almeida, J. C.  

Antioxidant micronutrients and cardiovascular risk in patients with diabetes: a 

systematic review. Arq Bras Cardiol. 2013;101(3):240-248. 

 

 



77 
 

Schmidt, S., Stahl, F., Mutz, K. O., Scheper, T., Hahn, A., & Schuchardt, J. P.  

(2012). Different gene expression profiles in normo- and dyslipidemic men after 

fish oil supplementation: Results from a randomized controlled trial. Lipids in 

Health and Disease, 11, 105-511X-11-105. doi:10.1186/1476-511X-11-105; 

10.1186/1476-511X-11-105 

 

Scholl, J. (2012).Traditional Dietary Recommendations for the Prevention  

of Cardiovascular Disease: Do They Meet the Needs of Our Patients? 

Cholesterol, 2012: 367898. doi:  10.1155/2012/367898 

 

Seino, S., Shibasaki, T., & Minami, K. (2011). Dynamics of insulin secretion  

and the clinical implications for obesity and diabetes. The Journal of Clinical 

Investigation, 121(6), 2118-2125. doi: 10.1172/JCI45680; 10.1172/JCI45680 

 

Sharma, M. D., Farmer, J. A., & Garber, A. (2011). Type 2 diabetes and  

cardiovascular risk factors. Current Medical Research and Opinion, 27 Suppl 3, 

1-5. doi: 10.1185/03007995.2011.620083; 10.1185/03007995.2011.620083 

 

Sharma, R. K., Singh V. N., & Reddy, H.K. (2009). Thinking beyond  

low-density lipoprotein cholesterol: Strategies to further reduce cardiovascular 

risk. Vascular Health and Risk Management, 5, 793-9 

 

Singh, R. B., Niaz, M. A., Sharma, J. P., Kumar, R., Rastogi, V., & Moshiri,  

M. (1997). Randomized, double-blind, placebo-controlled trial of fish oil and 

mustard oil in patients with suspected acute myocardial infarction: The indian 

experiment of infarct survival--4. Cardiovascular Drugs and Therapy / 

Sponsored by the International Society of Cardiovascular Pharmacotherapy, 

11(3), 485-491. 

 

Skerrett, P. J., & Willett, W. C. (2010). Essentials of Healthy Eating: A Guide.  

Journal of Midwifery & Women’s Health. 55(6): 492–501. 

doi:10.1016/j.jmwh.2010.06.019 

 

Sode, B. F., Allin, K. H., Dahl, M., Gyntelberg, F., & Nordestgaard, B. G.  

(2013). Risk of venous thromboembolism and myocardial infarction associated 

with factor V leiden and prothrombin mutations and blood type. Canadian 

Medical Association Journal, 185(5), E229-37. doi:10.1503/cmaj.121636; 

10.1503/cmaj.121636  

 

Sonni, S., & Thaler, D. E. (2013). Transient ischemic attack: omen and  

opportunity. Cleve Clin J Med, 80(9):566-576. 

 

 

 



78 
 

Souto, J. C., Almasy, L., Muñiz-Diaz, E., Soria, J. M., Borrell, M., Bayén, L.,  

Mateo, J., Madoz, P., Stone, W., Blangero, J., & Fontcuberta, J. (2000). 

Functional effects of the ABO locus polymorphism on plasma levels of von 

willebrand factor, factor VIII, and activated partial thromboplastin time. 

Arteriosclerosis, Thrombosis, and Vascular Biology, 20(8), 2024-8 

 

Spencer, M., Finlin, B. S., Unal, R., Zhu, B., Morris, A. J., Shipp, L. R.,  

Lee, J., Walton, R. G., Adu, A., Erfani, R., Campbell, M., McGehee,  

R. E., Jr, Peterson, C. A., & Kern, P. A. (2013). Omega-3 fatty acids reduce 

adipose tissue macrophages in human subjects with insulin resistance. Diabetes, 

62(5), 1709-1717. doi:10.2337/db12-1042; 10.2337/db12-1042  

 

Stirban, A., Nandrean, S., Gotting, C., Tamler, R., Pop, A., Negrean, M.,  

Gawlowski, T., Stratmann, B., &Tschoepe, D. (2010). Effects of n-3 fatty acids 

on macro- and microvascular function in subjects with type 2 diabetes mellitus. 

The American Journal of Clinical Nutrition, 91(3), 808-813. 

doi:10.3945/ajcn.2009.28374; 10.3945/ajcn.2009.28374 

 

Swanson, D., Block, R., & Mousa, S. A. (2012). Omega-3 fatty acids EPA  

and DHA: Health benefits throughout life. Advances in Nutrition, 3(1), 1-7. 

doi:10.3945/an.111.000893; 10.3945/an.111.000893  

 

Sylaja P. N., & Hill, M. D. (2009). Transient ischemic attacks--definition, risk  

prediction and urgent management. Neurol India, 57(3):252-256. 

 

Takaki, A., Umemoto, S., Ono, K., Seki, K., Ryoke, T., Fujii, A., Itagaki, T.,  

Harada, M., Tanaka, M., Yonezawa, T., Ogawa, H., Matsuzaki, M., & ELIA 

study group. (2011). Add-on therapy of EPA reduces oxidative stress and 

inhibits the progression of aortic stiffness in patients with coronary artery 

disease and statin therapy: A randomized controlled study. Journal of 

Atherosclerosis and Thrombosis, 18(10), 857-866. 

 

Tayyebi-Khosroshahi, H., Houshyar, J., Dehgan-Hesari, R., Alikhah, H.,  

Vatankhah, A. M., Safaeian, A. R., & Zonouz, N. R. (2012). Effect of treatment 

with omega-3 fatty acids on C-reactive protein and tumor necrosis factor-alfa in 

hemodialysis patients. Saudi Journal of Kidney Diseases and Transplantation: 

An Official Publication of the Saudi Center for Organ Transplantation, Saudi 

Arabia, 23(3), 500-506. 

 

Thies, F., Garry, G. M. C, Yaqoob, P., Rerkasem, K., Williams, J., Shearman,  

C. P., Gallagher, P. J., Calder, P. C., & Grimble, R. F. (2003). Association of n-

3 polyunsaturated fatty acids with stability of atherosclerotic plaques: a 

randomised controlled trial. Lancet, 361(9356):477-85. 

 



79 
 

Todoric, J., Löffler, M., Huber, J., Bilban, M., Reimers, M., Kadl, A., Zeyda,  

M., Waldhäusl, W., & Stulnig, T. (2006). Adipose tissue inflammation induced 

by high-fat diet in obese diabetic mice is prevented by n-3 polyunsaturated fatty 

acids. Diabetologia, 49, 2109-2119. 

 

Tong, H., Rappold, A. G., Diaz-Sanchez, D., Steck, S. E., Berntsen, J.,  

Cascio, W. E., Devlin, R. B., & Samet, J. M. (2012). Omega-3 fatty acid 

supplementation appears to attenuate particulate air pollution-induced cardiac 

effects and lipid changes in healthy middle-aged adults. Environmental Health 

Perspectives, 120(7), 952-957. doi:10.1289/ehp.1104472; 10.1289/ehp.1104472  

 

Tonkin A, & Byrnes A. (2014). Treatment of dyslipidemia. F1000Prime  

Rep, 6:17. 

 

Trepanowski, J. F., Kabir, M. M., Alleman, R. J.,Jr, & Bloomer, R. J. (2012).  

A 21-day daniel fast with or without krill oil supplementation improves 

anthropometric parameters and the cardiometabolic profile in men and women. 

Nutrition & Metabolism, 9(1), 82-7075-9-82. doi:10.1186/1743-7075-9-82 

 

Triplitt, C. L. (2012). Examining the mechanisms of glucose regulation. The  

American Journal of Managed Care, 18(1 Suppl), S4-10. 

 

United States Department of Agriculture. (2004). High Omega-3 Fish  

Analysis. Nutrition and Your Health: Dietary Guidelines for Americans. 

 

Vecka, M., Dusejovska, M., Stankova, B., Zeman, M., Vavrova, L.,  

Kodydkova, J., Slaby, A., & Zak, A. (2012). N-3 polyunsaturated fatty acids in 

the treatment of atherogenic dyslipidemia. Neuro Endocrinology Letters, 33 

Suppl 2, 87-92.  

 

Vischer, U. (2006). von Willebrand factor, endothelial dysfunction, and  

cardiovascular disease. Journal of thrombosis and haemostasis, 4(6):1186; 

1186-1193; 1193. 

 

Voulgari, C., Papadogiannis, D., & Tentolouris, N. (2010). Diabetic  

cardiomyopathy: from the pathophysiology of the cardiac myocytes to current 

diagnosis and management strategies 

 

Vors, C., Pineau, G., Gabert, L., Drai, J., Louche-Pelissier, C., Defoort,  

Lairon, D., Desage, M., Danthine, S., Lambert-Porcheron, S., Vidal, H., Laville, 

M. C., & Michalski, M. C. (2013). Modulating absorption and postprandial 

handling of dietary fatty acids by structuring fat in the meal: A randomized 

crossover clinical trial. The American Journal of Clinical Nutrition, 97(1), 23-

36. doi:10.3945/ajcn.112.043976; 10.3945/ajcn.112.043976  



80 
 

Weitz, D., Weintraub, H., Fisher, E., & Schwartzbard, A. (2010). Fish oil for  

the treatment of cardiovascular disease. Cardiology in Review, 18(5),  

258–263. doi:10.1097/CRD.0b013e3181ea0de0 

 

Whitehouse, A., & Tisdale, M. (2001). Downregulation of ubiquitin- 

dependent proteolysis by eicosapentaenoic acid in acute starvation Biochem. 

Biophys. Res. Commun. 2001, 285, 598-602. 

 

Wing, S, & Goldberg, A. (1993). Glucocorticoids activate the ATP-ubiquitin- 

dependent proteolytic system in skeletal muscle during fasting. American 

Journal of Physiology, 264, E668-E676. 

Witte, K. K., & Clark, A. L. (2009). Marine polyunsaturated fatty acids in  

heart failure. are the theoretical benefits matched by the clinical data? Polskie 

Archiwum Medycyny Wewnetrznej, 119(3), 162-169.  

 

Wu, O., Bayoumi, N., Vickers, M. A., & Clark, P. (2008). ABO(H) blood  

groups and vascular disease: A systematic review and meta-analysis. Journal of 

Thrombosis and Haemostasis, 6(1), 62-69. doi:JTH2818 

 

Wyke, S. & Tisdale, M. (2005). NF-kB mediates proteolysis-inducing factor  

induced protein degradation and expression of the ubiquitin-proteasome system 

in skeletal muscle. Br. J. Cancer 2005, 92, 711-721. 

 

Xu, A., Xu, R., Lu, C., Yao, M., Zhao, W., Fu, X., Guo, J., Xu, Q., & Li,  

D. (2012). Correlation of von willebrand factor gene polymorphism and 

coronary heart disease. Modular Medicine Reports, 6(5), 6(5):1107-10. doi: 

10.3892/mmr.2012.1037 

 

Zhang, H., & Zhang, C. (2012). Vasoprotection by dietary supplements and  

exercise: Role of TNFalpha signaling. Experimental Diabetes Research, 2012, 

972679. doi:10.1155/2012/972679; 10.1155/2012/972679  

 

 

 

 

 

 

 

 

 

 

 

 

 



81 
 

APPENDIX A 

 

PRE-STUDY DOCUMENTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



82 
 

 

 



83 
 

 

 



84 
 

 

 



85 
 

  

 

 

 



86 
 

APPENDIX B 

 

METHODOLOGY DOCUMENTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



87 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screening 
(Visit 1) 

-Informed consent 
-Health history questionnaire 

-Food frequency questionnaire 
-Blood type check 

Baseline - Week 0 
(Visit 2) 

-First venous blood 
sample to assess 

baseline biomarkers                             
-Distribute supplements 

Week 8 
(Visit 3) 

-Post-intervention  
-Second venous blood sample 
-Pill count and calendar check 

-24 hour recall 
-Debriefing 
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Puritan’s Pride Organic Coconut Oil 1000 mg Supplement Facts 

Serving Size 2 Softgels 
 

Servings Per Container 60 
 

Amount Per Serving % Daily Value 
 

Calories 25 
 

 

Calories from Fat 25 
 

 

Total Fat 2.5 g 4%* 
 

Saturated Fat 2.5 g 12%* 
 

Protein <1 g * 
 

Organic Coconut Oil 2,000 mg (2 g) ** 

  (Cocos nucifera) (fruit) 
 

which typically contains: 
 

 

Lauric Acid 880 mg ** 
 

Myristic Acid 260 mg ** 
 

Caprylic Acid 106 mg ** 
 

Palmitic Acid 150 mg ** 
 

Capric Acid 90 mg ** 
 

Oleic Acid 100 mg ** 
 

Stearic Acid 20 mg ** 
 

Linoleic Acid 20 mg ** 
 

*Percent Daily Values are based on a 2,000 calorie diet. 
 

 

**Daily Value not established. 
 

 

EnergyFirst OmegaEnergy Fish Oil 1000 mg Supplement Facts 

Serving Size 1 Softgel 
 

Servings Per Container 60 
 

Amount Per Serving % Daily Value 
 

Calories 10 
 

 

Calories from Fat 10 
 

 

Total Fat 1 g 2%** 
 

Polyunsaturated Fat 0.5 g* 
 

Vitamin E 2 IU 7% 
 

Fish Oil 1000 mg* 
 

     EPA (Eicosapentaenoic Acid) 400 mg 
 

     DHA (Docosahexaenoic Acid) 200 mg 

**Percent Daily Values are based on a 2000 calorie diet. 
*Daily Value not established. 
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Calculations 

BMI = weight (kg)/height (m
2
) 

Friedewald Equation: LDL-C = TC - (HDL-C + TG/5) 

 

 

 


