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ABSTRACT 

OMEGA-3 FATTY ACIDS AND VITAMIN D3 SUPPLEMENTATION IN THE 

TREATMENT OF METABOLIC SYNDROME RISK FACTORS 

Robert Bradley Thomas Advisor: 
University of Guelph, 2012 Dr. Kelly A. Meckling 

This purpose of this thesis was to develop a pilot study to determine if omega-3 fatty 

acids and vitamin D3 will improve body weight loss and improve risk factors for Metabolic 

Syndrome within a weight loss program.  Risk factors include obesity, hypertension, 

hyperglycemia, and dyslipidemia.  Thirty-five men and women between 18 and 65 years of age 

with risk factors for Metabolic Syndrome were recruited for this study.  All participants followed 

an energy-restricted, low glycemic-index based diet and exercise program for 16 weeks.  Half of 

these participants received omega-3 fatty acid and vitamin D3 supplements.  In those that 

received these supplements, it was seen that their serum 25-hydroxyvitamin D2/D3 levels and 

incorporation of docosahexaenoic acid and eicosapentaenoic acid into red blood cell 

phospholipids improved.  The effect of supplementation on changes to body weight and risk 

factors for Metabolic Syndrome did not reach significance (p<0.05).  It was however 

demonstrated, that an energy-restricted, low glycemic index diet with exercise was effective in 

inducing weight loss and improving Metabolic Syndrome risk factors with a 50% reduction in 

participants who had the criteria for diagnosis of Metabolic Syndrome by week 16. 
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I. THESIS INTRODUCTION 

 Metabolic Syndrome (MetS) is a collection of risk factors (central adiposity, 

hypertension, hyperglycemia, and dyslipidemia) that put an individual at a higher risk for 

cardiovascular and metabolic diseases than these risk factors alone.  People with MetS are three 

times as likely to have a stroke or heart attack, five times as likely to develop type 2 diabetes 

mellitus (T2DM), and two times as likely to die from a heart attack or stroke than people who do 

not have MetS (1).  In Canada, it is estimated that the prevalence of MetS in adults is 23.2% (2). 

The main objective for treating MetS is to reduce body weight, as this will impact upon 

all other risk factors.  As body weight decreases, insulin sensitivity improves, inflammation 

decreases, dyslipidemia becomes less severe, and blood pressure (BP) decreases.  Aside from 

treating risk factors through weight loss, improvements can be made through pharmaceuticals 

and lifestyle changes such as diet and exercise. 

It is proposed within this study that an energy-restricted diet, low on the glycemic index 

(GI), will alleviate the severity of MetS risk factors.  The GI is a measure of how quickly a 

carbohydrate source is absorbed and eating foods lower on the GI has been shown to improve 

MetS risk factors (3).  Supplementation with omega-3 fatty acids and vitamin D3 will also be 

investigated as a means to improving MetS risk factors.  Justification for this lies in that it has 

been observed that omega-3 fatty acids have beneficial effects upon cardiovascular health.  

Several epidemiological studies have observed a significantly lower incidence of cardiovascular 

disease (CVD) in those who had high fish consumption compared to those who did not (4-7).  

Lastly, research into the MetS has found strong evidence linking certain MetS risk factors to 

insufficient vitamin D status and Canadians are not receiving enough vitamin D to maintain 
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sufficiency (8-10).  It is thought that by increases vitamin D3 intake, MetS risk factors may by 

improved. 
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II. LITERATURE REVIEW 

1. The Metabolic Syndrome 

a. Defining the Metabolic Syndrome 

Metabolic Syndrome (MetS) was first characterised in 1988 by Reaven who grouped 

several risk factors of disease namely, high blood pressure (BP) (hypertension), 

hyperinsulinemia, hypertriglyceridemia, and low high-density lipoprotein (HDL)-cholesterol 

(11,12).  At the same time, DeFronzo showed a triad of abnormalities in skeletal muscle, liver, 

and !-cells (13).  Later on, another factor of abnormal lipolysis would be added to form a 

“Harmonious Quartet” (13).  Reaven’s work on syndrome X looked to insulin resistance (IR) as 

being the cause for these pathologies, thus overlooking adiposity as a factor in the syndrome 

(11). 

In 1998, the World Health Organisation (WHO) wanted to create a standard set of criteria 

for epidemiological research and created their own set of cutoffs and criteria for this syndrome.  

IR was the focus of this definition and so IR was measured as well as one needed to have two 

other criteria to receive a diagnosis.  Terming this “Metabolic Syndrome” they established the 

criteria for IR (as measured hyperinsulinemic euglycemic clamp), impaired fasting glucose 

(IFG), impaired glucose tolerance (IGT) or diabetes, hypertension (" 140/90 mm Hg), obesity 

(BMI > 30 kg/m2), and microalbuminuria (11,14). 

Another definition of MetS came from the European Group for the Study of IR in 1999.  

They termed it “Insulin Resistance Syndrome”.  Criteria for this classification included a fasting 

insulin value above the 75th percentile for the population, central adiposity as measured by waist 

circumference (" 94 cm for males and " 80 cm for females), hypertension (" 140/90 mm Hg), 

serum triglycerides (TG) (" 2.0 mmol/L) and/or HDL-cholesterol (# 1.01 mmol/L).  To be 
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classified as having this syndrome one needed to be hyperinsulinemic and posses 2 or more of 

the other criteria.  Diabetics were excluded because of the complexity of their disease with 

regards to its interaction with the measure of IR (11). 

The next definition came in 2001 with the National Cholesterol Education Program 

(NCEP) Adult Treatment Panel III (ATP III).  The “Metabolic Syndrome” was used once again 

and the focus was taken off of measures of IR.  The criteria for MetS were assigned as follows: 

waist circumference (! 102 cm for males and ! 88 cm for females), hypertension (! 130/85 mm 

Hg), fasting glucose (> 6.1 mmol/L), serum TG (! 1.69 mmol/L), and HDL-cholesterol (< 1.03 

mmol/L for men and < 1.30 mmol/L).  Diabetes was included in this definition and patients were 

required to have three of the five criteria (11,14). 

The International Diabetes Federation (IDF) created the next set of criteria in 2005.  The 

IDF criteria did not use the requirement of IR and required abdominal obesity as measured by 

waist circumference or having BMI ! 30 kg/m2 as a prerequisite to diagnosis of MetS followed 

by meeting two of the other four criteria.  The cutoffs for these criteria included waist 

circumference (! 94 cm for men and ! 80 cm for women), hypertension (! 130 mm Hg systolic 

BP and/or 85 mm Hg diastolic BP), fasting glucose (! 5.6 mmol/L), serum TG (! 1.7 mmol/L), 

and HDL-cholesterol (<1.03 mmol/L in males and <1.29 mmol/L in females) (1,11,14).  A 

person could also be receiving treatment (pharmacological) or have a doctor diagnose one of the 

criteria and this would count as being positive for that risk factor.  Also unique to this definition 

was the assignment of ethnic and geographic cutoffs for waist circumference, recognising that 

some ethnicities can be metabolically healthy while being larger than other ethnicities (1,11). 

Waist cutoffs were debated because the evidence for them was lacking and many found 

them to be arbitrary assignments based on a paucity of data (2).  The American Heart 
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Association/National Heart, Lung, and Blood Institute (AHA/NHLBI) used the same criteria as 

the IDF except they did not require abdominal obesity as a necessary factor.  They also used the 

NCEP ATP III definitions for abdominal obesity (11,14).  It was also seen that the NCEP ATP 

III definition closely approximated a BMI of 30 whereas the IDF cutoffs approximated a BMI of 

25 (14). 

There was yet to be harmonisation amongst different clinical definitions leading to 

difficulty in understanding epidemiological trends.  In 2009, the IDF and the AHA/NHLBI 

released the most recent definition of MetS by attempting to bring together the IDF 2005 and the 

NCEP ATP III 2001 definitions.  The diagnostic criteria for MetS would use similar cutoffs from 

the IDF 2005 definition and central adiposity was no longer a prerequisite to a diagnosis of 

MetS.  Additionally, waist circumference cutoffs could not be agreed upon due to a lack of data 

so either the IDF or NCEP ATP III cutoffs would be acceptable for Europids and the IDF ethnic-

specific cutoffs were to be used for non-Europids.  Using the lower cutoffs in the United States 

resulted in more people being diagnosed with MetS but the differences are small (14).  With the 

criteria established as best as they could be, one would need three of the five risk factors for a 

diagnosis of MetS (14). The definition of what classifies MetS will continue to change as more 

long-term data become available.  Additionally, non-Europid ethnic definitions for waist 

circumference will be changed as more data become available (14). 
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Table 2.1. Changing definitions of the metabolic syndrome1 

Group Year Obesity Serum TG BP HDL-Chol Glycemia Microalb Notes 
WHO 1998 BMI > 30 ! 1.7 mmol/L ! 140/90  " 0.90 mmol/L m diabetes, ! 20 µg/min marker of hyperglycemia 
  WHR > 0.9 m  mm Hg " 1.00 mmol/L f IGT, IFG, or  required plus 2 additional risk 

  WHR > 0.85 f    HOMA-IR  factors for diagnosis. 

EGIR 1999 ! 94 cm m ! 2.0 mmol/L ! 140/90  < 1.0 mmol/L ! 6.1 mmol/L  hyperinsulinemia required 
  ! 80 cm f  mm Hg  25th percentile  plus 2 additional risk factors 

      fasting insulin  for diagnosis. 

NCEP ATP  2001 ! 102 cm m ! 1.7 mmol/L ! 130/85  < 1.0 mmol/L m ! 6.1 mmol/L  presence of 3 of 5 risk 
III  ! 88 cm f  mm Hg < 1.3 mmol/L f glucose  factors required for  
        diagnosis. 
AHA/ 2005 ! 102 cm m ! 1.7 mmol/L ! 130/85  < 1.03 mmol/L m ! 5.6 mmol/L  presence of 3 of 5 risk 
NHLBI  ! 88 cm f  mm Hg < 1.29 mmol/L f glucose  factors required for  

        diagnosis. 

IDF 2005 ! 94 cm m ! 1.7 mmol/L ! 130/85  < 1.03 mmol/L m ! 5.6 mmol/L  presence of abdominal 
  ! 80 cm f  mm Hg < 1.29 mmol/L f glucose  obesity required 
        plus 2 additional risk factors 
        for diagnosis. 

IDF/AHA/ 2009 ! 94 cm m ! 1.7 mmol/L ! 130/85  < 1.0 mmol/L m ! 5.6 mmol/L  presence of 3 of 5 risk factors 
NHLBI  ! 80 cm f  mm Hg < 1.3 mmol/L f glucose  required for diagnosis. 
 

1Abbreviations used: WHO=World Health Organisation, EGIR=European Group for the Study of Insulin Resistance, NCEP ATP III=the National Cholesterol 
Education Program Adult Treatment Panel III, AHA/NHLBI=American Heart Association/National Heart, Lung, and Blood Institute, IDF=International 
Diabetes Federation, BMI=body mass index, WHR= waist:hip ratio, m=male, f=female, TG=triglycerides, BP=blood pressure, HDL-Chol=high-density 
lipoprotein cholesterol , Microalb=microalbuminuria, IGT=impaired glucose tolerance, IFG=impaired fasting glucose, HOMA-IR=homeostatic model 
assessment-insulin resistance.



! "!

b. Prevalence and Impact 

The intent for the creation of MetS was to better identify people who are at risk for the 

development of diabetes, heart disease, and other related pathologies.  When one is diagnosed 

with diabetes, a MetS diagnosis can also be used to measure the severity and risk for cardiac 

events (14).  Although IR does factor into the etiology of MetS, obesity has become the focus of 

MetS as it is closely associated with the development of type 2 diabetes mellitus (T2DM), 

neoplasms, cardiovascular disease, hepatic steatosis or non-alcoholic fatty liver disease 

(NAFLD), respiratory diseases, pancreatitis, and other related diseases (15,16). 

Worldwide, the IDF estimates that 20-25% of people have MetS (1).  With regards to 

Canada, Riediger and Clara (2) estimated the prevalence of MetS to be about one in five people.  

Using the ATP III criteria the prevalence was 17.7%, with the 2009 unified criteria while using 

the waist circumference cutoffs prevalence was estimated at 19.1%, and with the lower waist 

circumference cutoffs, prevalence was estimated at 23.2%.  In the first two instances, women 

were several percentage points higher than men in prevalence but when using the lower waistline 

cutoff, men were higher in prevalence by 0.5 percentage points (2).  It was also seen that the 

incidence of MetS increases with increasing age.  It is estimated that 17% of people 18-39 years 

old and 39% of those 70-79 years old have MetS(2). 

People with MetS are three times as likely to have a stroke or heart attack, five times as 

likely to develop T2DM, and two times as likely to die from a heart attack or stroke than people 

who do not have MetS (1).  T2DM accounts for 90% of those living with diabetes worldwide.  It 

is one of the most common chronic diseases in developing countries and is also quite prevalent 

within developed countries.  The WHO estimates 50% of people with diabetes will die from 

cardiovascular disease (CVD) (1).  Living with diabetes increases the risk of neuropathy in the 
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extremities, blindness or visual impairment, and limb amputation (1).  The health care burden 

that metabolic syndrome and diabetes presents to the world is estimated to be in the range of 

100s of billions of international dollars annually (1). 

 

c. Etiology 

i. Obesity and Insulin Resistance 

The actual causes of MetS have yet to be determined but there are several theories as to 

what causes it.  With what has been seen, the most likely answer is IR but even how this happens 

is still uncertain.  What is known is that it begins with body fat accumulation.  In modern society, 

a calorie dense diet and an increasingly sedentary lifestyle are some factors at play for the 

increasing prevalence of obesity (17).  Obesity is associated with an increased risk of chronic 

disease however imaging studies have identified those with visceral (abdominal) adiposity as the 

subgroup with the greatest risk for the development of chronic disease (13). 

Under normal metabolic circumstances, as blood glucose rises in response to 

consumption of carbohydrates, it stimulates pancreatic !-cells to release the hormone insulin.  

Insulin interacts with the insulin receptor on the plasma membrane and this causes a signaling 

cascade within the cell. Existing vesicles containing glucose transporter (GLUT) 4 are recruited 

to the cell surface and the synthesis of new GLUT 4 is upregulated.  This increase in GLUT 4 

allows more glucose to be shuttled into the cell for energy storage and use (18).  As this occurs 

along with suppression of hepatic gluconeogenesis, blood glucose levels decrease to a 

homeostatic setpoint.  This insulin-mediated glucose uptake occurs in muscle, liver, and in 

adipose tissue (11,19). 
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Excess fat is frequently stored in subcutaneous sites, expanding their volume, however it 

can also be stored in visceral adipose tissue.  Visceral fat deposition (ectopic fat) builds up in 

skeletal muscle, the liver, the greater omentum, and other visceral organs (11).  This is the 

beginning of IR.  Normally, insulin regulates the growth and differentiation of adipocytes, 

glucose uptake within adipocytes, and triglyceride formation.  It also inhibits lipolysis with 

adipose tissue (19).  As the adipose tissue becomes resistant to insulin’s action, it increases its 

rate of lipolysis of stored triglycerides releasing large amounts of non-esterified fatty acids 

(NEFA) into circulation (17,20).   These NEFAs are taken up by skeletal muscle where 

increasing levels of intramuscular diacylglycerols (a fat storage intermediate) causes 

phosphorylation of intracellular Insulin Receptor Substrates 1 and 2 (11,17,21,22).  Disruption of 

these molecules prevents insulin from sending the required signal to translocate GLUT 4 to the 

cell surface (22).  Within the liver, similar mechanisms come into play as large amounts of 

NEFAs are absorbed into liver cells.  A liver resistant to insulin will increase gluconeogenesis 

and increase its output of glucose into systemic circulation.  This further exacerbates the 

hyperglycemia seen in IR (17,19,23). 

The postprandial insulin response is lost in IR leading to hyperglycemia and a large 

second-phase response by insulin (11).  The higher insulin output (hyperinsulinemia) requires !-

cell hyperplasia, which eventually leads to cellular apoptosis (15), insulin receptor 

downregulation, and desensitising post-receptor pathways (24).  As !-cells become 

dysfunctional, fasting glucose levels increase.  Eventually, as glucose control is lost, one will be 

diagnosed with T2DM and with !-cell apoptosis–insulin-dependent T2DM (11).  The higher 

levels of circulating glucose in T2DM may lead to increased tissue glycation.  Glycation causes 

vascular damage first seen in the small vessels, including those of the eye, leading to permanent 
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blindness and eventually escalating to larger blood vessels, progressing to CVD, tissue necrosis, 

gangrene, amputation, nephropathy, heart attack, and stroke (1,15). 

Adipose tissue is not an inert storage site but is an endocrine organ.  Many chemicals are 

released by fat, especially inflammatory molecules.  Some of these are tumour necrosis factor-

alpha (TNF-!), interleukin-6 (IL-6), and resistin (17,25).  These cytokines interfere with insulin 

signaling which creates adipose IR.  With resistance, there is a lowered inhibition of tissue 

lipolysis as mediated by insulin, leading to higher output of NEFAs.  Adipose tissue will also 

have macrophage, mast cell, and natural-killer cell infiltration, which is another source of 

inflammatory mediators (11,15,17).  This phenomenon leads to a classical symptom of MetS, 

which is a low-grade chronic inflammation (1,17,21). 

 

ii. Atherogenic Dyslipidemia 

A marked characteristic of MetS is dyslipidemia.  This is a result of IR and is perpetuated 

in a cyclical fashion with IR.  Dyslipidemia is characterised by elevated low-density lipoprotein 

(LDL)-cholesterol, elevated serum TG, and decreased HDL-cholesterol.  Insulin-resistant 

adipose tissue has an increased rate of lipolysis.  As a result, NEFAs are dumped into the 

systemic circulation where they reach the liver.  The liver takes up these NEFAs and packages 

them into very low-density lipoprotein (VLDL)-cholesterol particles(17).  The triglyceride 

overabundance along with hyperglycemia drives the oversecretion of VLDL particles into the 

systemic circulation (16,20,25). 

Within the circulation, VLDL particles undergo lipolysis via lipoprotein lipase (LPL) to 

intermediate-density lipoprotein (IDL)-cholesterol.  IDL is further metabolised by hepatic lipase 

(HL) into LDL particles.  At this point, LDL and IDL can be taken up by the liver for 
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degradation and recycling.  Recognition of LDL and IDL particles by the liver is accomplished 

by apolipoprotein B (ApoB)-100 being on the surface of these particles.  An insulin-resistant 

liver will have decreased expression of LDL receptors and a reduced clearance of IDL and LDL 

particles.  Hepatic lipase is upregulated in this state and will target lipid rich LDL particles for 

hydrolysis, making them small dense LDL particles.  These dense particles are more difficult for 

the liver to clear and are very atherogenic (16,24).  Additionally, LPL is downregulated, leading 

to a reduced clearance of VLDL particles (24). 

HDL particles are responsible for reverse cholesterol transport.  They acquire cholesterol 

from the periphery and return it to the liver.  An elevated HDL-cholesterol level has been shown 

to be cardioprotective (24).  With the upregulation of HL in IR, HDL particles are degraded 

quicker as they are the preferred substrate to IDL particles (16).  Therefore, in an obese state, 

HDL-cholesterol will be reduced, further increasing atherosclerotic risk. 

Considering these factors, the insulin-resistant states drives higher levels of NEFAs in 

circulation, which leads to higher levels of serum TGs, decreased HDL-cholesterol, increased 

LDL-cholesterol and especially small dense LDL-cholesterol particles.  These factors lead to 

deposition of fat in the walls of blood vessels, oxidative stress, infiltration by immune cells, and 

development of foam cells and atherosclerotic plaques (16). 

 

iii. Hypertension 

The prevalence of hypertension amongst obese participants is about six times that of non-

obese individuals.  It is believed that obesity increases vascular resistance, total blood volume, 

and cardiac output (11,26,27).  There is also an increase in sympathetic activity and filling 

pressure in the heart.  As a result, systemic BP increases (26).  Atherosclerosis may also 
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contribute to hypertension.  The NEFA flux associated with obesity leads to fatty acids being 

deposited into arteries promoting endothelial dysfunction (28).  As the arteries harden, they are 

less elastic which prevents them from being able to relax and lower vascular resistance. 

The effects of hypertension are clearly associated with an increased risk of mortality.  

Additionally, hypertension may lead to comorbidities such as left ventricular hypertrophy, heart 

remodeling, atrial fibrillation, coronary heart disease, heart failure, stroke, heart attack, and renal 

failure (11,26-28). 

 

2. Lifestyle Treatment Options for the Metabolic Syndrome 

a. Weight Loss 

 As described in the previous section it is clear that obesity can bring about a great many 

changes to metabolism, which creates comorbidities that can endanger people’s lives.  The main 

objective for treating MetS is to reduce body weight, as this will have a large impact upon all of 

the other factors.  As body weight decreases, insulin sensitivity improves, inflammation 

decreases, dyslipidemia becomes less severe, and BP decreases.  Weight loss it is not always 

immediately achievable and so pharmacological and nutritional intervention can control 

comorbidities until the cause of these abnormalities can be treated. 

 There are many different strategies to lose weight and many of them do not deliver what 

they promise and some are actually detrimental to one’s health.  For most people, their bodies 

respond to the stimuli for weight loss and the body does indeed drop in weight but one of the 

greatest criticisms to be leveled at dieting is that approximately 90% of participants on diets will 

regain the lost body weight and usually gain more than what they lost once the diet is ended (29).  

There are many reasons as to why people will regain weight and this will be discussed next. 
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The human body has many different mechanisms whereby to regulate energy 

consumption and metabolism, thus affecting body weight.  The goals of these pathways are to 

keep the body at a homeostatic set-point.  These pathways results from the input of genetics, 

behaviour, and the environment (30).  This set-point will usually be defended quite well (29).  If 

the body is not obtaining enough calories, then signals will cause the individual to seek more 

food.  If the body has an excess of nutrition, then the individual will seek less.  Obesity occurs 

when the set-point is lost and the weight maintenance mechanisms fail to deliver a strong enough 

impulse to stop.  The body becomes insensitive to these signals and in this modern obesogenic 

environment; it becomes quite easy for this to happen.  Some signals that will be released by the 

body will be leptin, ghrelin, neuropeptide Y, and Agouti-related peptide, which regulate hunger 

and feeding (29). 

As an obese individual seeks to lose this weight, this is accomplished through either 

energy-restriction or increasing caloric expenditure or a combination of the two.  Either way, the 

goal is to be expending more calories than one is consuming.  To make up for this deficit, the 

body will use its own stores of glucose, fat, and protein to sustain its daily activities (29).  The 

goal of course is that the body will mainly use the fat stores for energy and cause weight loss 

along with a decrease in associated comorbidities.  As this occurs, the body’s response is to 

increase sympathetic activity.  This increase will release glucose from glycogen stores and 

NEFAs from adipose tissue.  Leptin is secreted by adipose tissue to limit caloric intake but as 

this sympathetic activity increases, leptin secretion decreases, resulting in decreased activity in 

the body, lowering basal metabolic rate.  The basal metabolic rate will also be depressed by the 

lowering of thyroid hormones in the body (30).  This decrease in leptin also stimulates food 

seeking behaviour as regulated by chemicals like NPY (29).  Other systemic responses are to 



! "#!

increase ghrelin secretion from the stomach, which also increases one’s feelings of hunger.  

Jackman MR et al. found that rats had a depressed fat oxidation after weight loss and an 

increased propensity to store calories as fat during the weight regain period (31).   

With a depressed metabolism and a strong drive to eat, once the weight loss period is 

over it is simple to see how the body can be its own enemy in its efforts to regain weight the 

individual had lost.  As expected, most people will regain their weight within a year of 

completing their weight loss period.  Preventing the development of obesity in individuals would 

be the best option in stopping an obesity epidemic (29) but this has not yet happened.  Those 

who are obese need to be treated and so many different methods to stimulating weight loss and 

preventing recidivism have been and continue to be explored. 

 

b. Glycemic Index 

i. What is the Glycemic Index? 

The glycemic index is a measure of how quickly a carbohydrate source is absorbed 

through the small intestine and into the bloodstream (3,32,33).  There are people within the field 

of nutrition who view the quantity of carbohydrate to be what matters in designing a diet and 

disregard that the type of carbohydrate or rather its composition within food can impact glycemic 

control (34).  The glycemic index was first proposed in 1981, bringing about the differences 

amongst carbohydrate sources and this concept has continued to gain popularity (35).  To 

establish this scale, foods are categorised on a scale of 0 – 100 based upon the postprandial 

glycemic response. It is measured by comparing the area under the curve (AUC) of the 

postprandial glycemic response of the food consumed and compared to a standard such as 

glucose and calculating the food as a percentage of that standard’s AUC (35).   
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To establish a GI value for a food product, 50g of glucose is consumed and the AUC 

calculated.  Then the food product under investigation (in a quantity containing 50g of 

carbohydrate) is consumed and the AUC is calculated.  For example, if the test food product 

AUC is 70% of the glucose AUC then the test food product would receive a value of 70.  Bread 

is also used as a standard for comparison because it is more palatable for participants to 

consume.  For bread, the scale is still 0 – 100 except foods that are classified as being low-GI fall 

below a value of 70 whereas with the scale using glucose as the standard, low-GI foods are 

considered to be less than ~50(35). 

More recently, the glycemic load (GL) has been created as a more practical measure of 

carbohydrate consumption and it GI value.  The GL is the product of the GI value of a food and 

the total amount of available carbohydrate consumed of that food divided by 100 (35).  This 

more practical implication is that a food that may have a high GI value consumed in small 

amounts will not have a large impact on postprandial glycemia whereas a large amount of a low-

GI food may have a large impact on postprandial glycemia if consumed in large quantities. 

 

ii. Physiology 

The rating of a food on the GI has to do with its rate of absorption within the small 

intestine.  Carbohydrates begin to be broken down upon consumption into smaller 

polysaccharides.  As they enter the small intestine, enzymes within the brush border of the 

intestine break the bonds between sugars and these sugars are absorbed into circulation.  There is 

a rise in blood glucose in response to this absorption followed by a secretion of insulin to shuttle 

glucose into cells. 
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Carbohydrates can be consumed in many different matrices, and these different 

compositions have an impact upon how quickly this process of absorption occurs.  Foods that 

have higher levels of fibre slow down the process of digestion.  This means that carbohydrates 

are broken down into their monomers more slowly, which impacts the rate at which they can be 

taken up into circulation (35).  Other factors other than fibre that impact the rate at which glucose 

is absorbed include: the amount of cooking of foods (makes food easier to digest), acidity 

(affects gastric emptying), complexity of the carbohydrate (is it starch or simple sugars?), the 

type of sugar (glucose or maltose?), fat and protein content (affects gastric emptying), and 

physical properties such as water content (36). 

A longer period of digestion followed by a decreased rate of glucose absorption leads to 

slower gastric emptying (one stays full longer and consumes less), and lower rise in 

gastrointestinal hormones such as gastric inhibitory peptide, glucagons-like peptide-1, and 

incretins (35,36).  A significant result is that insulin secretion is reduced but is secreted for 

longer.   A longer secretion time at a low level suppresses NEFAs being released by adipose 

tissue.  It is also possible that with insulin’s ligogenic effects, a lower level of insulin secretion 

will prevent or decrease obesity (35).  Therefore, with this blunted response, blood glucose levels 

are better regulated, keeping closer to a consistent baseline (35). 

 

iii. Health Implications 

There are many benefits that have been attributed to consuming a diet that is low on the 

GI.  As mentioned before, a low-GI diet will result in slower digestion and gastric emptying.  

This will cause a lower consumption of calories within a day as the participant will feel full 

longer and be less hungry.  In many cases, restricting calories will cause many improvements in 
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CVD risk factors because of the associated weight loss that occurs.  Independent of weight loss, 

a low-GI diet can reduce the risk for disease by improving glycemic control, dyslipidemia, and 

CVD risk factors (36). 

The secretion of insulin affects glycemic control.  If there is a rapid rise in glucose, a 

large secretion of insulin will meet it.  This insulin spike causes glucose to be removed from 

circulation at such a rate that it results in hypoglycemia as blood glucose levels drop below the 

established baseline.  These low levels lead to upregulation of gluconeogenesis by the liver, and 

release of NEFAs even though the body has enough energy.  These factors lead to IR and 

obesity.  With a large spike in blood glucose, the high levels of glucose will cause glycation of 

vascular tissue and it is also directly toxic to !-cells (36).  Hyperglycemia and hyperinsulinemia 

eventually lead to !-cell failure and diabetes.  With low-GI foods, the glucose profile is 

tempered, and stays closer to the baseline value.  Without the large spikes, gluconeogenesis and 

NEFA release are suppressed, preventing IR (35).  Overall, a low-GI diet leads to greater insulin 

sensitivity and tighter control of blood glucose levels (35). 

Dyslipidemia is a product of IR and obesity.  As mentioned previously, the release of 

NEFAs from adipose tissue results from reduced glucose utilisation in tissues.  When glucose is 

no longer available, fatty acids are utilized via !-oxidation to provide energy to the body.  Insulin 

acts upon adipose tissue to prevent the release of NEFAs when there is a ready source of 

carbohydrate after a meal.  Insulin-resistant adipose tissue does not respond to insulin and will 

release NEFAs inappropriately (12).  Also, low glucose levels as a result of hyperinsulinemia 

will lead to NEFA release when not needed.  The high levels of circulating NEFAs lead to IR, 

high serum TGs and abnormal cholesterol profiles (12,13).  With low-GI foods, the insulin 

release is low and sustained.  This suppresses the release of NEFAs into circulation preventing 
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them from accumulating within skeletal muscle and abdominal organs thus preventing the 

disruption of their ability to function.  Therefore, with the NEFA secretion blunted, the abnormal 

TG and cholesterol profiles will improve (35). 

Atherosclerosis results from lipids being deposited into the vascular intima leading to 

oxidation of these fats, invasion of macrophages and plaque formation (37).  These plaques 

harden and narrow the arteries and may lead to plaque rupture and these freed fragments can 

occlude arteries in the lungs, heart, or brain resulting in pulmonary embolism, heart attack, or 

stroke, all which can be fatal or debilitating (38). 

 

c. Energy Restriction 

Energy restriction is one of the common methods for inducing weight loss.  This is 

achieved by restricting the amount of calories that one consumes in a day.  This restriction 

creates a negative energy balance within the body that is compensated for by utilising 

endogenous carbohydrate, fat, and protein for fuel.  With the consumption of endogenous energy 

stores comes a reduction in body weight. 

Energy restriction has been shown in many studies to be an effective way of inducing 

weight loss.  The degree of energy restriction in research varies, with some studies having drastic 

reductions, while others having smaller reductions. Over time, as the body is losing weight, 

compensatory mechanisms will create greater feelings of hunger and motivate the person to 

consume more food which could compromise long-term compliance. 
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d. Protein Intake 

Protein consumption brings several benefits to weight loss and treatment of MetS.  An 

increased protein intake has been associated with a greater loss of fat mass, body weight, reduced 

fasting glucose levels, reduced insulin levels, and a reduction in serum TGs (39).  There are 

several reasons why protein may have this effect.  Protein is more satiating than carbohydrate 

and this higher level of satiety may lead to a reduction in energy intake or increased compliance 

in an energy-restricted diet.  It is also thought that protein has a higher thermic effect of feeding.  

This means that metabolising consumed protein is less efficient than carbohydrate, resulting in 

more energy being lost as heat and therefore less available for storage (40). 

Replacing carbohydrates with protein may improve glucose tolerance because of 

carbohydrate restriction, which will also impact circulating NEFAs (40-42).  Higher protein diets 

have also been associated with improvements in BP and HDL-cholesterol (40,42).  Data 

regarding the impact that protein intake has upon the treatment of obesity and MetS is still 

inconclusive in some respects and more long term studies are needed to characterise the actual 

effects that it has upon the body (41) 

 

e. Exercise 

Exercise has been shown to be very important in treating MetS and in inducing weight 

loss.  Exercise provides a host of benefits that reduce body weight and risk factors for disease.  

Exercise works by creating a negative energy balance by causing additional calories to be used 

than would otherwise be utilised by an individual (43).  This deficit causes one to use stored 

energy to compensate for the difference and weight loss results. 
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Another aspect is that research has shown that exercise can increase resting metabolic 

rate (RMR) (44).  This higher RMR will help to compensate for a reduction in metabolism that 

results from weight loss (45) and it will enhance the negative energy balance that exercise 

induces (43). 

Exercise can be a useful tool for weight loss when the amount of work is intense enough 

and of a long enough duration (44,46) and weight loss will lower inflammatory markers such as 

c-reactive protein (CRP) (47).  It will not only impact body weight but will also affect fat mass 

and seems to affect abdominal fat over other stores which is beneficial to reducing CVD risk 

factors as well as those for MetS (45).  Reduction of blood lipids is also possible through 

exercise (48).  Certain biomarkers such as leptin will increase and insulin sensitivity will also 

improve with exercise (49). 

Studies in animal models have suggested that using exercise as part of the protocol better 

maintains weight loss after the intervention period ends and continuing exercise after a weight 

loss program will prevent substantial weight regain (43).  Work done by MacLean et al found 

that rats that were regularly aerobically exercised did not regain as much weight after induced 

weight loss primarily by reducing the amount of overfeeding that happens after the diet is over.  

Interestingly, the rats of the exercise and sedentary groups both had repressed metabolic signals 

but it appeared that the exercise group were more sensitive to these signals (43). In humans, 

Jakicic et al showed that exercise is important during the weight maintenance period to prevent 

weight regain after weight loss(50). 
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3. Omega-3 Fatty Acids 

a. History 

Omega-3 fatty acids have had a positive history in supporting and enhancing health.  

Several decades ago, it was noticed that in Inuit populations though they consumed a diet high in 

fat they did not have the adverse health issues that typically arise from a high fat diet (51).  They 

consumed a diet high in seafood, and sea-faring mammals.  Other positive associations between 

diet and health were found within Japanese populations, which consumed more fish than the 

average North American diet, and they were noticeably healthier on cardiovascular assessments.  

These benefits were investigated and it was determined that long-chain omega-3 fatty acids were 

primarily responsible for these beneficial dietary effects.  The long-chain omega-3 fatty acids are 

alpha-linolenic acid (ALA 18:3n-3), eicosapentaenoic acid (EPA 20:5n-3) and docosahexaenoic 

acid (DHA 22:6n-3) (52,53).  EPA and DHA are found almost exclusively within animal 

products, specifically fatty fish and marine animals that feed on these fish (54).  Significant 

sources of EPA and DHA are found within salmon, herring, mackerel, anchovy, and sardine 

(55).  ALA is the omega-3 fatty acid found in plant matter.  It is contained in significant 

quantities within canola oil, walnuts, and flax seed (53).  ALA is different from EPA and DHA 

in that its purported benefits are different. 
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Figure 2.1. Structure of omega-3 and 6 fatty acids (55) 

Most of the recognition that omega-3 fatty acids receive is due to the effects seen within 

EPA and DHA.  ALA can be converted into EPA, which can then be converted into DHA.  This 

is accomplished through a series of elongation and desaturation reactions.  This process allows 

EPA and DHA to be generated within the body, as a North American diet is deficient in these 

nutrients.  Within humans, this series of reactions to produce EPA and DHA from ALA is not 

efficient, with a conversion rate of approximately 5-15% (52).  This conversion process can also 

be inhibited by high intakes of the omega-6 fatty acid linoleic acid (LA) as it competes for the 

same enzyme as ALA (Δ-6 desaturase), which is the rate-limiting step for conversion to EPA 

and DHA for ALA (55).  The North American diet tends to be quite high in LA as it is found in 

vegetable oils, corn, and soybeans (55).  All of these are used heavily in food processing and 

production.  It is estimated that the ratio of consumption of omega-6 fatty acids to omega-3 fatty 
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acids is 8:1 where the ratio is recommended to be closer to 4:1 (56).  With limited conversion 

ability, EPA and DHA need to be consumed in order for daily requirements to be met. 

Intake of fatty fish (the source of EPA and DHA in the diet) is lower than what current 

recommendations are for consumption.  With little consumption of fatty fish, western 

populations are chronically deficient in EPA and DHA.  The AHA estimates that people in the 

United States consume about 1.4 g/d ALA and 0.1 to 0.2 g/d of EPA and DHA.  Health Canada 

recommended that ALA consumption be 1.2% of energy consumption (1.3 – 2.7 g/d based on a 

2000 kcal diet).  The AHA recommended that healthy individuals consume 2 fish meals per 

week and that those with CVD consume ~1 g/d of EPA and DHA (6). 
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Figure 2.2. Conversion pathway for omega-3 and 6 fatty acids (57) 

Consumption of EPA and DHA has been shown to increase the percentage of omega-3 

fatty acids incorporated into the phospholipid membrane of erythrocytes.  Studies have been 

conducted to determine whether omega-3 fatty acids are being incorporated into the body.  Cao 

et al has shown in their work that consuming ~2.1 g of EPA and DHA per day lead to a 

significant increase in EPA and DHA in erythrocyte membranes (58).  Supplementation of ALA 
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mildly affected EPA concentrations and did not affect DHA concentrations in erythrocytes.  

Another interesting finding was the LA incorporation decreased as a result of supplementation 

with EPA and DHA meaning that there is less LA and conversion products such as arachidonic 

acid (AA) available. 

Innovations over the recent several years have seen products with EPA and DHA 

increase.  Omega-3 rich eggs were one of the first products to reach the marketplace, which are 

developed by feeding chickens a diet high in omega-3 fatty acids.  Chickens have a higher 

conversion ratio of ALA to EPA and DHA leading to accumulation of EPA and DHA in eggs. 

Microencapsulating EPA and DHA has also allowed it to be added into food products, spreads, 

milk, and orange juice without giving a “fishy” taste to the product.  Outside of fortified food 

and drink products, EPA and DHA have been refined from marine sources and packaged as an 

oil product or as capsules for supplementation.  Fish oils continue to increase in popularity and 

are attributed to being beneficial in many different ways. 

 

b. Benefits 

i. Brain Function, Behaviour, and Visual Acuity 

DHA is of particular importance to brain and eye health (59).  During fetal development, 

DHA concentrates within the brain and retina increasing during the third trimester (60).  This 

process continues after birth and DHA accumulation is critical during the first few months of 

development as the nervous system continues to develop (57).  Studies in rhesus monkeys have 

shown an association between low intake of omega-3 fatty acids, low levels of incorporation of 

DHA within the cerebral cortex and retina of infants, and visual, cognitive, and psychomotor 

aberrations (57).  Studies performed with newborn and infant children have demonstrated that a 
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nutritional deficiency in omega-3 fatty acids resulted in lower levels of DHA incorporation 

within the body and visual/behavioural/cognitive impairment (57). 

 

ii. Cardiovascular Health 

It has been observed that omega-3 fatty acids have beneficial effects upon cardiovascular 

health.  Cardiovascular health is an important factor in this study, as it comprises much of the 

risk for MetS.  Many industrialised countries are seeing an increase in the incidence of CVD but 

this is also occurring within countries that are still developing (56).  These countries are strained 

for resources and with the increase in disease and resultant disability it is becoming a large 

public health concern to them and the world.  Risk factors associated with CVD include cigarette 

smoking, hypertension, elevated cholesterol, poor diet, and diabetes (56).  Behind these risk 

factors lies higher intake of saturated and trans fatty acids, low physical activity, high sodium 

intake, excess caloric consumption, and low intake of omega-3 and 6 fatty acids (56).  These risk 

factors lead to the accumulation of fatty acids within the peritoneum, viscera, skeletal muscle, 

and arteries.  As these fatty acids accumulate and are oxidised within the arteries, plaques form 

and atherosclerosis develops.  Treatment of CVD has been focused on coronary bypass surgery, 

angioplasty, and drug therapy.  All of these solutions can lower the incidence of recurrent cardiac 

episodes and death but the cause of these symptoms began decades earlier when atherosclerosis 

began to develop.  Preventing the progression of atherosclerosis or treating the plaque-ridden and 

hardened arteries would also decrease the incidence of CVD (56). 

Several epidemiological studies have seen a significantly lower incidence of CVD in 

those who had high fish consumption (4-7).  Research has shown that Japanese participants had a 

thinner carotid artery thickness which is a marker for the degree of atherosclerosis (56).  Studies 
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by Yamagashi et al and Mozaffarian et al found an inverse relationship between omega-3 fatty 

acid intake and death from heart failure, ischemic heart disease, myocardial infarction, and high 

intake was associated with a lower resting heart rate (RHR) (a risk factor for sudden cardiac 

death) (61,62).  Another study by Mozaffarian et al found an inverse association between fish 

consumption and incidence of ischemic stroke but not hemorrhagic stroke (63).  Omega-3 fatty 

acid consumption has been shown to benefit BP (64), serum TG levels, inflammation and HDL-

cholesterol levels(42,65).   

Other benefits that have been seen with higher omega-3 fatty acid intake are decreased 

platelet activation and aggregation (52).  This decrease can reduce the incidence of stroke and 

myocardial infarction.  This benefit would also carry an increased time for bleeding but evidence 

has not shown this to be problematic and the benefits outweigh the cost for supplementation. 

Several mechanisms have been proposed for how omega-3 fatty acids, such as EPA and 

DHA, impact CVD risk.  As cell membranes take up more EPA and DHA, they will incorporate 

fewer phospholipids containing AA.  With regard to the antithrombotic effects of EPA and DHA, 

this is achieved by reducing the formation of thromboxane A2.  Thromboxane A2 is a 

proaggregatory eicosanoid formed from the conversion of AA catalysed by cyclooxygenase 

(COX) enzymes.  This causes platelets to coalesce and form a thrombus within arteries.  As AA 

is replaced in cell membranes, platelet stimulation (upon encountering and agonist) seeks to 

release AA from the cell membranes by phospholipases (66).  Since AA is in a lower 

concentration with a higher intake of omega-3 fatty acids, less thromboxane A2 is produced.  

EPA and DHA are also liberated upon platelet activation but these fatty acids inhibit the activity 

of COX, further reducing the production of thromboxane A2 (55). 
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Inflammation is another concern for CVD.  Inflammation can be present in response to 

infection, injury, and disease.  These stressors cause an acute phase response in inflammation but 

there is also chronic inflammation, which is more commonly found in stress and obesity (67).  

Acute inflammation will lead to increasing certain cytokines 100-fold and an organisation of 

tissue repair, or fighting off of a foreign presence in the body (67,68).  In a chronic state of 

inflammation, cytokines that mediate this response are present to a lesser degree than in acute 

inflammatory responses.  Cytokines commonly found upregulated in inflammation are TNF-!, 

IL-6, and CRP (68,69).  These and other inflammatory mediators are associated with 

cardiovascular problems such as myocardial infarction, hypertension, insulin resistance, 

dyslipidemia, and T2DM (69).  Omega-3 fatty acid supplementation has been found to be 

negatively associated with these cytokines.  It is believed that one of the ways that EPA and 

DHA act to suppress expression of inflammatory mediators is through suppression of the 

expression of nuclear factor kappa B (NF-"B) (68).  NF-"B is a transcription factor responsible 

for the inflammation generated by many of the cytokines.  EPA and DHA are also ligands for 

peroxisome proliferator-activated receptors (PPARs) (70).  Once activated, PPARs can act to 

suppress the expression of NF-"B (66).  Inflammation is also mediated by the expression of 

eicosanoids, which originate from AA.  In similar fashion to omega-3 fatty acid’s 

downregulation of thrombogenesis, EPA and DHA replace AA within cells leaving less AA to 

be converted into inflammatory mediators such as prostaglandin E2 (PGE2), leukotriene B4 

(LTB4), Thromboxane B2, 5-hydroxyeicosatetraenoic acid, and leukotriene E4 (LTE4) (69).  EPA 

and DHA also act upon enzymes such as COX, and Lipoxygenase, which form inflammatory 

mediators.  Another area of investigation is how omega-3 fatty acids can be converted into 

beneficial effectors themselves such as in resolvins or protectins (71).  These effects have shown 
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promise in reducing the risk of CVD risk factors associated with inflammation.  The implications 

extend beyond CVD and affect other disease risks such as cancer, inflammatory bowel disease, 

and rheumatoid arthritis (69). 

 

c. Treatment of Metabolic Syndrome Risk Factors 

Due to the research put into omega-3 fatty acids and CVD, by extension MetS has also 

been included in the scope of investigation.  In treating MetS with EPA and DHA, the most well 

established benefit is in reducing serum TG (64,65,72,73).  A meta-analysis by the Cochrane 

Collaboration published in 2008(74) analysed 23 randomised, controlled trials with diabetes 

patients where the average omega-3 fatty acids supplementation was 3.5 g/d  and the average 

trial duration was 8.9 weeks.  It was found after supplementation that there was a significant 

decrease in serum TG (-0.45 mmol/L) and VLDL cholesterol (0.11 mmol/L). 

It is not fully understood how EPA and DHA lower serum TG but it is thought that they 

reduce hepatic TG synthesis.  It is possible that this is accomplished by an upregulation of 

lipolysis and downregulation of lipogenesis.  As TG content in the body drops, and as less TG 

ends up in the liver, there is less for transporting throughout the body and so serum TG levels 

will decrease.  As the expansion of fat tissue is inhibited, any stored or absorbed fat will need to 

be used up to prevent it from depositing ectopically.  Carnitine palmitoyl transferase (CPT1) 

facilitates transport of fatty acids to the mitochondria for !-oxidation.  Studies in mice have 

shown that when consuming large quantities of omega-3 fatty acids, CPT1 increases several fold 

(75).  CPT1 is regulated by PPARs and it has been mentioned earlier that EPA and DHA act as 

ligands for PPARs.  EPA and DHA inhibit VLDL secretion, which in turn lowers the amount of 

circulating TG.  Other potential contributions could be made by decreasing activity of TG-
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synthesising enzymes such as diacylglycerol acyltransferase or increasing lipid utilisation 

through upregulation of LPL (76).  Along with the reduction in serum TG, there is a concomitant 

increase in HDL-cholesterol and an increase in the size of LDL particles, both of which are 

antiatherogenic (76). 

Omega-3 fatty acid supplementation has also been shown to be beneficial in treating 

hypertension.  Cicero et al found that after treating hypertriglyceridemic participants with 2 g/d 

of omega-3 fatty acids that systolic and diastolic BP, and RHR decreased by several points over 

the course of a year (77).  Pedersen et al found similar results after providing 1.5 g/d of omega-3 

fatty acids to adolescent overweight/obese boys.  Systolic and diastolic BP were significantly 

lower after the trial period of 16 weeks (78).  Animal studies have investigated the mechanism 

and it is thought that omega-3 fatty acids could antagonise angiotensin II receptors, inhibit renin 

secretion and angiotensin converting enzyme activity thus lower BP through vascular relaxation 

(75).  DHA and EPA incorporation into the endothelium may also play a role in improving 

vascular compliance (75). 

There is some data that omega-3 fatty acid supplementation reduces the severity of 

insulin resistance and improves glycemic control (79,80).  Most of this has been discovered 

through animal model studies but when transferred to human studies, the comparisons do not 

hold up (75).  Lastly, there is not strong evidence for omega-3 fatty acids having a significant 

impact on body weight but there is evidence that omega-3 fatty acids provide a greater degree of 

satiety and could therefore be utilised as a means of reducing caloric intake and spur weight 

reduction (81).  In conclusion, there is strong evidence for some aspects of omega-3 fatty acid 

use in treating MetS and hence why it continues to be studied.  The current data indicate that 

supplementation would be beneficial to reduce serum TG, reduce BP, with a possibility of 
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improving HDL-cholesterol and increasing LDL particle size.  Evidence for nutritional 

intervention for disease prevention and treatment continues and could be used to lessen the 

burden MetS is placing upon the ill and the healthcare system that treats them.  Omega-3 fatty 

acids are but one option in targeting the risk factors that comprise MetS. 

 

4. Vitamin D 

a. History 

In modern times, the impact of sun exposure on health in humans was identified in 19th 

century Europe.  Children living within inner city communities exhibited deformities and 

dysfunction within the musculoskeletal system.  Inner city children did not grow as well as rural 

dwellers and showed bowing in their legs.  This disease leading to permanent disability came to 

be known as rickets.  It had begun to show in children several centuries earlier as people 

gathered into cities (82).  The main cause behind rickets was attributed to the lack of sunlight.  

Sunlight was not able to penetrate the thick haze caused by the pollution from the burning of 

wood and coal.  Studies noted that there was a disparity in prevalence of rickets between children 

living within cities and those who lived rurally (83). 

Treatment consisted of exposure to sunlight or light from specific sources.  Symptoms of 

rickets amongst these treated children quickly resolved.  Cod liver oil became a common 

nutritional supplement in several countries for preventing rickets (82).  Food supplementation 

also began in the early 20th century.  Plant-based foods were exposed to ultraviolet (UV) 

radiation and these foods counteracted rickets effectively.  The next step involved adding 

synthetic vitamin D2 into dairy products.  These strategies effectively prevented rickets by the 

time of the Great Depression (83). 
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Nutrients have been traditionally attributed to preventing specific disease processes and 

so vitamin D became the “sunshine vitamin” for bone health (83,84).  Although important to 

bone metabolism, discoveries within the past several decades have shown this statement to be 

shortsighted (85).  Vitamin D is now associated with virtually the entire body.  It is involved in 

cellular signalling, immunity, cardiovascular processes, and suspected in many other roles that 

will be mentioned hereafter. 

 

 

b. What is Vitamin D? 

Vitamin D is a collection of several secosteroids.  The important forms of vitamin D are 

vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol) (86).  Ergocalciferol is derived from 

ergosterol, which is found in fungi, yeasts, invertebrates, and plankton.  Cholecalciferol is 

derived from 7-dehydrocholesterol, which is found in the skin of mammals and in the milk that 

they produce (86).  In all instances, vitamin D2 or D3 cannot be formed from its precursor 

without exposure to ultraviolet radiation. 

Figure 2.3. Structures of vitamin D3, 25-hydroxyvitamin D3, and 1,25-dihydroxyvitamin D3 

Vitamin D is not found in many foods.  Vitamin D can be found in oily fish and fish 

products such as salmon, mackerel, herring, cod liver oil, and sardine.  Other sources include 
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irradiated mushrooms and fortified dairy products (83,87).  Even given these sources, it is 

generally believed that large proportions of people of the world’s population are at risk of 

vitamin D deficiency or insufficiency (88). 

 

c. Metabolism 

Within humans, 7-dehydrocholesterol is found in the cell membrane of dermal fibroblasts 

and epidermal keratinocytes (83).  Sunlight produces UVB radiation (290 – 315 nm) which 

reacts with the 7-dehydrocholesterol B ring.  The absorbed energy opens the double-bond ring 

structure and causes a rearrangement of the ring forming pre-vitamin D3.  A thermodynamically 

favourable rearrangement occurs and pre-vitamin D3 becomes vitamin D3.  During this 

rearrangement, vitamin D3 is released from the skin cells where it is picked up by the vitamin D 

binding proteins and brought into circulation throughout the body.  Toxicity from overproduction 

of vitamin D caused by sunlight has never been seen because as pre-vitamin D3 and vitamin D3 

undergo conformation to various isomers which do not affect the body (82). 

As Vitamin D3 circulates, it is hydroxylated in the liver to its principle circulating form 

25-hydroxyvitamin D3 (calcidiol or 25(OH)D3). 25-hydroxylase activity was determined to be 

within the liver some 40 years ago, but the precise enzyme was uncertain.  The cytochrome p450 

enzyme CYP2R1 was later identified as the primary candidate performing this reaction with 

several other p450 family members also being capable of hydroxylating at the 25-carbon position 

(89). 

Bound to the vitamin D binding protein, this prehormone becomes activated after a 

secondary hydroxylation reaction.  At the kidney, 25(OH)D3 is transported to the proximal 
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tubule and hydroxylated to become 1!,25-dihydroxyvitamin D3 (calcitriol or 1,25(OH)2D3).  1!-

hydroxylation is accomplished by the enzyme 1!-hydroxylase also known as CYP27B1 (86). 

Figure 2.4. Synthesis of 1,25-dihydroxyvitamin D3 (84) 

1,25 dihydroxyvitamin D3 is produced in minute quantities compared to production of 

25(OH)D3 and exhibits the characteristics of a hormone, producing effects throughout the body.  

Once taken up by a cell, 1,25(OH)2D3 is transported to the cell nucleus where it binds to the 

vitamin D receptor (VDR), followed by heterodimerisation with the retinoic acid-X-receptor 

(RXR).  VDR is ligand-driven and will bind, once activated, to certain DNA sequences known as 

vitamin D response elements (VDREs) (86,90).  This process leads to classical gene transcription 
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modification to alter cellular activity but there are also vitamin D rapid response elements 

(VDRREs), which act by a different mechanism.  Within caveolae of the cellular membrane, 

VDRREs are activated by the VDR with 1,25(OH)2D3 and cause reactions in the body within 

minutes.  Processes mediated by VDRREs include hormonal stimulation of calcium absorption, 

opening and closing of calcium and chloride channels, and insulin secretion (90).  Several of 

these effects have only been shown in animal models but highlight how vitamin D may act 

within the body via different mechanisms.  The metabolic processes associated with benefits of 

vitamin D will be discussed later. 

 

d. Vitamin D Status 

1,25-dihydroxyvitamin D3 is a short-lived (4-6 h) hormone (8).  Measuring of this 

metabolite is difficult both because of its very low concentration and high lability.  For these 

reasons, 1,25(OH)2D3 was not chosen as the metabolite to measure in the study described in this 

thesis.  Instead 25(OH)D3 was chosen as the measurement standard (9).  It subsists within the 

body much longer (half-life of 2-3 weeks) and is found at about 1000 times higher concentration 

than 1,25(OH)2D3 (8).  Measuring this provides a picture of the combined intake and synthesis of 

vitamin D in an individual (9). 

25-hydroxyvitamin D3 levels are influenced by a variety of factors including level of 

exposure to sunlight, sunscreen use, degree of skin cover from clothing, time spent indoors, 

pregnancy, lactation, BMI, obesity, pharmaceutical usage, age, frequency of intake of vitamin D 

sources, and skin pigmentation (9,87,88).  Given these factors, research has shown that 

25(OH)D3 levels can vary greatly around the world. 
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In the most recent study by the National Health and Nutrition Examination Survey 

(NHANES) has shown a mean 25(OH)D3 concentration of 49.8 nmol/L in the US population.  

Previous work had shown that mean 25(OH)D3 levels were higher when measured in the 1988-

1994 NHANES study (75 nmol/L) and in the 2001-2004 NHANES study (60 nmol/L) (88,91). 

The most current research on Canadians comes from the 2007-2009 Canadian Health 

Measures Survey where 5306 participants 6-79 years of age participated.  In this survey the 

results showed that the sample mean 25(OH)D3 concentration was 67.7 nmol/L.  A U-shaped 

curve for concentration showed highest 25(OH)D3 levels in childhood and in old age.  The 

lowest 25(OH)D3 mean was found in men 20-39 years of age and the highest in boys 6-11 years 

of age.  Significant findings indicated that people who were of non-white ethnicities had a lower 

25(OH)D3 concentration and that those who consumed milk more than once per day had 

25(OH)D3 levels 12 nmol/L higher than those that consumed milk less than once per day.  25-

hydroxyvitamin D3 levels were also lower when measurements were taken between November 

and March as compared to those taken during the rest of the year (9).  In sample of ambulatory 

healthy Canadians in Calgary, AB, serum 25(OH)D3 levels were at 62.9 nmol/L in the winter, 

increased to 62.9 nmol/L in the spring, and further to 71.6 nmol/L in the summer, followed by a 

decline to 52.9 nmol/L in the fall (92). 

In Canada, certain groups are at risk for vitamin D deficiency, these include young 

children, older adults, institutionalised people, non-Western immigrants, pregnant women, obese 

people, Aboriginal people, and in general, people with darker skin pigmentation (9,88).  This 

apparent contradiction with high levels of vitamin D status being in the young and old while also 

being some of the populations at risk for vitamin D deficiency can be explained. These groups 

may be supplementing vitamin D3 into their diets, which is something the Canadian Health 
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Measures Survey didn’t report with the average value of vitamin D.  Additionally, the definition 

of what is deficient varies by time and by what group is making the definition.  With regard to 

vitamin D deficiency in the population used for the study presented in this thesis, the reason that 

obese people are thought to be at risk is because vitamin D is fat-soluble.  When large amounts 

of adipose tissue are available, vitamin D is sequestered within this tissue and is unavailable for 

use in the body (93). 

Acceptable levels of circulating 25(OH)D3 have been difficult to establish.  The 1997 

Institute of Medicine (IOM) report established 37.5 nmol/L 25(OH)D3 as a being sufficient for 

bone health and recommended an intake 200 IU/d of vitamin D3 (94).  Recently, the IOM in 

2010 released an updated report that recommended the RDA for vitamin D be 600 IU for the 

general population and that a level of 50 nmol/L 25(OH)D3 is adequate for maintaining bone 

health (95).  Citing insufficient evidence for non-skeletal benefits, these other kinds of studies 

were ignored.  The IOM report is moving in the right direction but given the evidence not 

considered by the IOM and internal inconsistencies, the recommendations fall short (96). 

Referring specifically to bone health, a level below 75 nmol/L 25(OH)D3 has been shown 

to be insufficient to prevent deficiency diseases such as osteomalacia.  For this reason, Priemel, 

et al recommended that 25(OH)D3 levels be kept above 75 nmol/L (97).  Evidence from others 

also suggest that in order to be vitamin D sufficient, 25(OH)D3 levels must stay at or above 75 

nmol/L (10). 

With regard to intake, the IOM recommends a recommended dietary allowance (RDA) of 

600 IU per day of vitamin D3; this runs contrary to the recommendation of 50 nmol/L of 

25(OH)D3.  Research has shown that on average, 100 IU of vitamin D3 will increase 25(OH)D3 

levels by approximately 2.5 nmol/L (98).  Taking the 2.5 nmol/L increase per 100 IU/d as fact, 
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an intake of 600 IU/d would give a 25(OH)D3 level of 15 nmol/L excluding contribution from 

UV exposure.  Thus, an RDA of 600 IU will fall short of meeting the 25(OH)D3 levels 

recommended for many people especially in populations higher in latitude such as Canadians.  

Webb et al found that in their in vitro work that at a latitude of 53˚N that no pre-vitamin D 

synthesis occurred in the skin during the months of October through March (99).  This means 

that during this time, 25(OH)D3 levels during these months is reliant upon consumption of 

vitamin D3 containing foods or supplements and vitamin D stores in the body created during the 

summer. 

An ideal intake of vitamin D is still debated with no clear consensus on what the 

minimum intake must be to ensure good health.  The tolerable upper limit as set by the IOM and 

adopted by Health Canada is 4000 IU/d (95) but studies that have supplemented much higher 

amounts of vitamin D than 4000 IU/d and have not reported any adverse effects (94).  In 

conclusion, the recommendations given by the IOM of 600 IU of vitamin D/d may be beneficial 

in healthy people, but there are many factors that can make this insufficient for an individual’s 

health.  With regard to the work put forth in this thesis, obese people and those with MetS may 

need to consume much more vitamin D per day if desirable 25(OH)D3 levels are to be achieved 

(10,87,100). 

 

e. Benefits 

i. Bone Metabolism 

Vitamin D’s classical role refers to its ability to regulate bone metabolism and function.  

Bone is composed of an extracellular matrix mineralised by calcium and phosphate.  A 

weakening in this matrix or the degree of mineralisation leads to increased risk of osteoporotic 
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fractures, rickets, and osteomalacia.  Once excess blood calcium is detected, more bone 

mineralisation takes place as well as increased excretion of calcium in urine.  When there is too 

little in the blood, this is detected by the parathyroid glands, which secrete parathyroid hormone 

(PTH).  This hormone acts upon the kidney to increase expression of 1!-hydroxylase and 

enhance the conversion of 25(OH)D3 to 1,25(OH)2D3.  Calcitriol is important in maintaining 

bone density also acts upon the small intestine, increasing calcium absorption from the diet 

through inducing the expression of calbindin (82). 

In a state of vitamin D insufficiency/deficiency calcium levels decrease and 

hyperparathyroidism can result leading to decreased bone density.  In childhood, this can lead to 

rickets, and in adulthood this can lead to osteomalacia.  Osteoporosis can result when bone 

resorption is not met by the same degree of bone deposition.  In a study conducted by Gallacher 

et al they found that 91.6% of those with hip fractures were vitamin D deficient (<50 nmol/L) 

and 97.8% had vitamin D levels <70 nmol/L (101). 

 

ii. Immunity 

Vitamin D has become associated with modulation of the immune system.  For example, 

a promising study done by Hyppoönen et al in Finland showed that children supplemented with 

2000 IU/d during the first year of life were ~80% less likely to develop type-I diabetes mellitus 

(T1DM) 25 years later when compared to children who did not have this degree of 

supplementation or not at all.  This link with immunity was noticed in that autoimmune diseases 

were less prevalent in regions lower in latitude where production of vitamin D in the skin was 

higher and more consistent year round (82). 
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Certain immune cells possess the ability to convert 25(OH)D3 to 1,25(OH)2D3 by action 

of the enzyme 1!-hydroxylase (85).  1,25-dihydroxyvitamin D3 in turn regulates the function and 

growth of these cells and the release of cytokines (82,83,85).  Overall vitamin D deficiency 

seems to be associated with a worsening of autoimmunity and a weakening of natural defenses 

against foreign invaders (86). 

 

iii. Possible Roles 

Vitamin D is being investigated within many different diseases and conditions.  Some of 

these include evidence in treating or preventing certain types of cancers, hypertension, 

hyperglycemia, cardiovascular disease, obesity, and in regulating brain development and 

function (83,87,102-107).  The reason for this diverse investigation is that VDRs are found in 

almost all cell types within the body. 

 

f. Treatment of Metabolic Syndrome Risk Factors 

Research into the MetS has found strong evidence linking certain risk factors to vitamin 

D status.  Epidemiologic studies have indicated this as well (8).  In the NHANES III study, 

participants were analysed based on 25(OH)D3 concentrations grouped into quintiles.  The study 

found that those with MetS had a mean serum 25(OH)D3 concentration of 67.1 nmol/L whereas 

those without MetS had a mean serum 25(OH)D3 concentration of 75.9 nmol/L.  The odds ratio 

for MetS decreased with each quintile increase in vitamin D status, and an inverse association 

was seen across each quintile of 25(OH)D3 and abdominal adiposity, hypertriglyceridemia, and 

hyperglycemia, all risk factors for MetS (108). 
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Regarding weight loss, Ortega et al in their preliminary findings, found that those with a 

better vitamin D status at baseline tended to respond better to a hypocaloric diet than those with a 

lower status (109).  The present research is not definitive on whether vitamin D status has an 

actual effect upon weight loss.  Although there is a relationship seen between degree of adiposity 

and vitamin D status, it is possible that other factors such as clothing worn, time spent indoors, 

and decreased mobility limiting sun exposure could be partly to blame for this finding (8).  

Research into another risk factor–dyslipidemia–has not been able to show a link with vitamin D 

status.  Additionally, there is no mechanism postulated whereby 1,25(OH)D3 could have an 

effect upon TGs or HDL-cholesterol (8).  To clarify this, studies incorporating investigation into 

dyslipidemia are necessary. 

In comparison to the work in dyslipidemia and vitamin D, the research into glucose 

homeostasis is more conclusive.  !-cells express the VDR as well as the 1"-hydroxylase enzyme 

and due to this, it is reasoned that vitamin D may have an effect upon !-cell functioning (110).  

Insulin release is stimulated by calcium influx so it is possible that vitamin D could act upon !-

cells and enhance insulin release and production (110).  An increased efficiency and sensitivity 

could improve the body’s glycemic response (8).  It is also observed that there is an increased 

risk of T2DM with a decreased vitamin D status (8,110).  Chiu et al hypothesised from their data 

that increasing 25(OH)D3 from 50 nmol/L to 75 nmol/L would improve insulin sensitivity by 

60% (111). 

Studies into preventing hypertension have shown a strong association with their being a 

benefit.  Blood pressure is regulated in part by the renin-angiotensin system, with an inverse 

association found between its plasma concentration and 25(OH)D3 concentration (107,112).  

Parathyroid hormone has been associated with endothelial toxicity and ventricular hypertrophy, 
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additionally CVD risk factors.  A high vitamin D status keeps circulating levels of PTH low and 

therefore could abate this problem (107,113).  Forman et al found an inverse relationship 

between vitamin D status and incident hypertension (114).  The NHANES III study showed that 

people with less than 37.5 nmol/L 25(OH)D3 that the risk of developing hypertension was 

between 3 to 6 times more likely than those with a better status.  The number of studies to look 

directly at vitamin D supplementation and its affect upon BP are few.  Most work has been 

observational and some studies show no association in normotensive people so it’s possible that 

vitamin D’s antihypertensive effects could be found in certain groups of people but this will 

require further investigation (107). 

 



! "#!

III. STUDY RATIONALE 

1. Rationale 

An energy-restricted diet that is low fat, moderate protein, and low on the GI has been 

chosen as the ideal diet for this study because current research and unpublished research from the 

Meckling lab suggests significant benefit.  Previous results include weight loss, abdominal fat 

loss, and improvements in MetS risk factors (115).  Additionally, exercise has been shown to 

promote weight loss and compliance to a weight loss program in participants.  It has also been 

shown to improve risk factors for MetS, RHR, and reduce the severity of IR. 

More recently, evidence that long-chain omega-3 fatty acids (EPA/DHA) improve 

various risk factors for MetS such as serum TG, BP, and cholesterol profiles has increased with 

research also showing a satiety-increasing effect upon those consuming EPA and DHA which 

could further reduce body weight in those taking EPA and DHA. 

Another problem seen in obesity and MetS is that these people tend to have a lower 

vitamin D status than people who are a healthy weight.  It is possible that the level of vitamin D 

within the body may affect one’s ability to lose weight, or maintain a healthy body weight in the 

long-term.  Canadians have limited exposure to the UV radiation necessary to synthesise vitamin 

D within the skin and so must obtain their vitamin D from dietary sources, which can be 

difficult.  With the widespread prevalence of vitamin D deficiency in Canada (92) and other parts 

of the world (91) this could have significant impact upon many different populations, especially 

populations that have a difficult time synthesising enough vitamin D from the available UV 

sunlight in this climate (91).  Data on the relationship between body weight and vitamin D status 

is still controversial and more research is needed within this area. 



! ""!

This intervention examined the benefits of a hypocaloric low-glycemic index diet with or 

without omega-3 fatty acid and vitamin D3 supplementation on the remediation of risk factors 

and related markers for MetS. 

 

2. Hypothesis 

Supplementation of omega-3 fatty acids and vitamin D3 into the prescribed weight loss 

program will result in greater weight loss in these participants than in the group not taking these 

supplements.  Those taking the supplements will also have a greater improvement in risk factors 

for MetS than those who are not supplemented. 
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IV. METHODS 

1. Recruitment and Screening 

Male and female participants between 18 and 65 years of age were recruited between 

April 2011 and July 2011 from the University of Guelph and the City of Guelph community.  

Recruitment materials consisted of advertisements in the local newspaper, online classified ads at 

kijiji.ca, posters in public places and doctor’s offices, and lastly, Dr. Anna Isakoff-Meller  (a 

family physician) was used as a source of recruitment.  Study entry for participants was 

staggered and they were screened in batches monthly.  Ninety-eight people expressed interest in 

participating via email or by telephone and were interviewed by the study coordinator and asked 

to complete an initial screening questionnaire (Appendix A).  Of those that were interested, 55 

qualified for an in-person screening session.  At this appointment, potential participants 

completed a health questionnaire (Appendix A), and were provided with a detailed written 

explanation of the study protocol, including potential benefits and risks to themselves for 

participating.  Qualified personnel answered any questions that they may have had.  After 

providing informed consent (Appendix A), potential participants went through a screening 

process where height, body weight, waist circumference, hip circumferences, BP, RHR, body 

composition, fasting glucose, insulin, glycosylated hemoglobin (HbA1c), CRP, total cholesterol, 

HDL-cholesterol, and serum TG were measured.   

To be included in this study, participants needed to meet the 2005 IDF definition for 

MetS as described earlier.  This meant meeting the cutoff for central adiposity and 2 of the other 

4 criteria for MetS (refer to table 1 for 2005 IDF criteria).  Participants were excluded if they 

were currently smoking, were pregnant or had been pregnant or breastfeeding in the past 6 

months, currently taking anticoagulants, aspirin, magnesium containing antacids, or omega-3 
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fatty acid and vitamin D3 supplements at dosages comparable to what the study protocol was 

providing.  Participants who were consuming omega-3 fatty acid or vitamin D3 tablets at 

comparable dosages had the option of going through an 8-week washout period before starting 

the trial.  After receiving the screening data, the study coordinator used the participant screening 

form to ensure that potential participants that qualified for the study met the requirements.  

Participants who qualified were notified by the study coordinator and asked to obtain consent 

from their family physician so that they could clear the participant for exercise.  This was done 

as a precaution in case certain participants were not physically fit enough to participate. 

 

a. Height, Body Weight, and BMI 

Height was measured using a standard stadiometer mounted to a base resting upon the 

floor.  Participants were measured without footwear, standing on the base of the stadiometer with 

their back to the meter, standing with shoulders back and feet flat.  The sliding head piece was 

moved until it made contact with the participant’s head and the meter was read to the nearest 0.5 

cm. 

Body weight was measured using an electronic scale measuring in kg.  Participants 

removed footwear, and stepped onto the scale wearing light clothing.  Once the reading 

stabilised, body weight was recorded to the nearest 0.05 kg.  BMI was calculated using the 

equation BMI=[weight (kg)] / [height (m)]2. 

 

b. Waist and Hip Circumference 

Waist and hip circumference was measured using a body measuring tape.  Participants 

were measured standing erect, abdomen relaxed, arms at sides, feet shoulder width apart, and in 
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their clothing with heavier items removed.  Waist circumference was measured at the top of the 

iliac crest and hip circumference at the height of the greater trochanter.  Measurements were 

recorded to the nearest 0.5 cm. 

 

c. Resting Heart Rate and Blood Pressure 

Resting heart rate, and BP were measured using an automated BP monitor (Omron® 

IntelliSense™ HEM-907XL).  Participants sat on an examination bed with arm resting at heart 

level for 5 minutes.  The BP cuff was secured to the left arm and 2 readings separated by 1 min 

were taken.  The average of these 2 readings was then used to create the BP and RHR values for 

the participant.  Blood pressure was recorded in mmHg and RHR in beats per minute (BPM). 

 

d. Blood Collection 

All participants who came in for the in-person screening were asked to fast (no food or 

drink except water) for 8-12 hours prior to coming in for their appointment.  Blood was collected 

by venipuncture at the antecubital region of the arm by a certified phlebotomist.  Two gold-

topped serum separator tube (SST) vacutainers were filled followed by two lavender-topped 

ethylenediamine tetra-acetic acid (EDTA) vacutainers.  All tubes were mixed by gentle inversion 

and the SST tubes were allowed to coagulate for 30 min.  Both SST vacutainers and one EDTA 

vacutainer were centrifuged for 15 min at 4˚C and then prepared for analysis.  Serum from the 

SST tubes was pipetted into two other tubes where one would be used to analyse glucose, total 

cholesterol, HDL-cholesterol, and triglycerides and the other for insulin.  One EDTA vacutainer 

was refrigerated “as is” for HbA1c analysis.  The last EDTA vacutainer had the serum pipetted 

into two aliquots and the red blood cell (RBC) component pipetted into another tube.  These 
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samples were frozen an -80˚C for later analysis.  Blood collected from both SST and one EDTA 

vacutainer were sent to LifeLabs® Medical Laboratory Services for analysis. 

 

2. Study Design 

a. Participants 

The sample size (15 to complete all 16 weeks in both study arms, 30 participants) was 

calculated to achieve 80% power to detect a 10% change in body weight (the primary outcome).  

The sample size exceeds that for an 80% power and 10% change in the majority of secondary 

outcomes too, thus the primary outcome was used to determine sample size. 

Based upon the screening procedure, 35 participants qualified to participate in the 

research study.  Participants were randomised to either be assigned the supplement intervention 

or to not receive this intervention (Sup vs. NSup).  Those not receiving the intervention did not 

receive a placebo.  There was an attempt to have the ratio of male to female participants between 

groups equal while randomising but more male participants dropped out of the non-

supplemented group than the supplemented group by week 16.  For further information refer to 

figure 5.1. 

 

b. Diet Intervention 

Before starting the study, participants were given binders that contained information on 

the diet protocol, supplements, methods of measurement, exercise, and how to fill out records 

accurately.  Participants also received instruction from assistant study coordinators on filling out 

diet records (Appendix A).  Participants were required to fill out a 7-day food record prior to 
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study commencement.  This information was used to calculate baseline caloric consumption, 

average GI for foods consumed in a day, and macronutrient distribution. 

At study commencement, participants were instructed to begin consuming foods 

according to the study protocol.  Each participant’s goal was to consume their macronutrients in 

the following percentages of total calories: 47% from carbohydrates, 30% from fat, and 23% 

from protein.  The target GI for foods consumed in a day was to be less than 50 and with this 

increase in consumption of foods lower on the GI, it was expected that participants would 

spontaneously restrict energy consumption by ~25% of daily totals.  All foods and beverages 

consumed in a day were recorded on daily diet records provided to participants. 

Participants met weekly with assistant study coordinators where they returned filled out 

diet records from the previous week and received new ones to fill out.  These nutritional 

counseling meetings were utilised to help participants with compliance to the study protocol.  

Assistants reviewed participant diet records and entered the data into The Food Processor® (Esha 

Research, Inc.) to determine if participants were meeting the study goals.  Daily averages for the 

GI were also calculated from these data.  The data allowed assistant study coordinators to advise 

participants if they needed to improve compliance.  These meetings were also an opportunity for 

participants to express any concerns or ask questions that they may have had. 

 

c. Exercise Intervention 

All participants were required to participate in an exercise program.  This involved 

exercising at the University of Guelph Athletic Centre 3 times per week for the 16 weeks of the 

study.  Exercise at the gym consisted of a multiple station circuit.  Participants would use a 

resistance-type piece of equipment and perform 12-15 repetitions, after which, they would 
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perform 1 minute of cardiovascular activity.  Another piece of resistance-based equipment would 

follow.  This pattern was followed for the prescribed circuit and the entire circuit was completed 

twice by participants.  This would take participants about an hour to accomplish.  Typical 

exercises involved using equipment such as the chest press, leg press, dumbbells, Bosu balls, 

spin bicycles, and spring boards.  During the 16-week trial period, exercises can become 

monotonous so the study coordinator with the help of Amy Curtis modified the training circuit 

intermittently throughout the trial. 

The initial visit to the Athletic Centre was used for participants to register with the gym 

and receive instruction and an orientation from the study coordinator who is also a certified 

personal trainer.  Participants were shown proper use of the equipment and any questions that 

participants may have had were answered.   

Participants had target heart rates calculated by the study coordinator and participants 

were instructed to stay within this range which had them exercising at ~70% intensity.  

Participants wore heart rate monitors (Polar) and wristwatches that allowed monitoring of their 

exertion.  Safety while exercising was important and involved monitoring participants, making 

sure that they were hydrated, and monitoring their heart rates.  The study coordinator also 

watched participants to ensure that correct form was used throughout each type of exercise 

performed. 

 

d. Supplement Intervention 

Half of the initial participants received the supplementation intervention.  Participants 

were instructed to consume 2 tablets (2000 IU total) of vitamin D3 (Vitamin D, Jamieson 

Laboratories, Ltd.) and 3 capsules (400mg EPA/200 mg DHA per capsule, 1.8 g EPA+DHA 
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total) of omega-3 fatty acids (Omega-3 Complete, Jamieson Laboratories, Ltd.) per day.  

Jamieson Laboratories, Ltd. donated all supplements.  The dosage for omega-3 fatty acids was 

the on-label recommendation and the dosage for vitamin D3 was higher than that listed on the 

label and was the highest dosage the research ethics board at the University of Guelph would 

allow. 

Participants received bottles of supplements and would bring them in to their nutritional 

counselling sessions to be weighed as a measure of compliance.  Once a bottle of supplements 

was consumed, a new bottle was given to the participants. 

 

e. Measurements 

Weekly measurements were body weight, BP, RHR, waist, and hip circumference.  In 

addition to regular measurements, at weeks 0 (screening), 8, and 16, fasting glucose, insulin, 

HbA1c, cholesterol, serum TG, serum 25-hydroxyvitamin D2/D3 and RBC fatty acid composition 

of phospholipids were measured.  Participant compliance was estimated by examining RBC fatty 

acid composition for incorporation of EPA and DHA into RBC membranes, serum 25-

hydroxyvitamin D2/D3 levels, interviews, weighing of supplement bottles, and analysis of diet 

records.  Seven-day diet records were analysed for weeks 0, 4, 8, 12, and 16, to estimate 

compliance with the diet protocol over time. 

 

i. Phospholipid Analysis 

Red blood cell phospholipids were analysed through a process of lipid extraction from 

the RBC fraction of blood samples, separation and extraction of phospholipids, and methylation 

with BF3-MeOH.  The final product was analysed via gas chromatography and the various mol 
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% of each fatty acid was recorded to measure compliance with the supplementation protocol and 

to determine the degree of incorporation of EPA and DHA into RBC phospholipids. 

 

ii. Vitamin D Analysis 

Vitamin D was analysed using the 25-hydroxyvitamin D 125I radioimmunoassay kit 

(DiaSorin Inc. kit#68100E).  Serum samples frozen at -80˚C were thawed and used in the assay 

essentially as described in the manufacturer's instructions.  The assay is a two-step procedure 

involving extracting hydroxylated metabolites (including 25(OH)D2/D3) and then assaying them.  

After extraction, samples were incubated with antibody and the 125I tracer.  After phase 

separation, the sample was precipitated with a second antibody precipitating complex.  The 

liquid fraction of the samples was poured off and samples were dried.  After drying was 

completed, samples were placed into a scintillation counter and activity was measured.  Counts 

from samples and standards were recorded.  This data was then transformed logarithmically to 

derive the ng/mL concentration of 25(OH)D2/D3.  Concentrations were converted into nmol/L. 

 

f. Statistics 

Participant data were analysed in SPSS 19 (IBM, Inc.).  The primary outcome was body 

weight lost.  Secondary outcomes were changes to MetS risk factors.  Measurements at fixed 

time points (weeks 0, 8, 16) were checked for normality with the Shapiro-Wilk test and an 

independent t-test was used to evaluate differences between groups with normally distributed 

data.  Mann-Whitney U test was used for non-normally distributed data.  Changes within a group 

were analysed with paired t-tests for normally distributed data and wilcoxon signed rank test for 
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non-normally distributed data.  Normality of data is reported in chapter 5.  Significance was 

assumed at P<0.05 in a one-tail test.   

Participants that did not complete at least 8 weeks of the study were excluded from 

analysis at week 8 and considered dropouts.  Participants that did not complete the full 16 weeks 

were also excluded from analysis at week 16 and considered dropouts.  Analysis at week 8 was 

carried out on 24 participants and week 16 was carried out on 20 participants.  Specific 

participant data was omitted from analysis if they were taking medication or had a disease that 

would affect that specific measurement.  Numbers of subjects included for each measure 

reported in tables 5.3, 5.4, 5.5 and 5.6. 
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V. RESULTS 
1. Participant Dropouts 

After advertising, 98 people were interested in study participation.  Of these, 55 

completed the in-person screening and 35 were eligible to participate.  In total, 14 participants 

dropped out of the study.  Since 3 different groups of participants started at different times, they 

were categorised as cohorts.  Within Cohort 1, 2 participants dropped out due to losing contact 

with them, 1 dropped out after moving to a different city, 1 broke her arm at home and could not 

continue, 1 injured their tailbone, and 1 felt that work was too busy to allow them time to 

participate.  Within Cohort 2, 1 participant dropped out due to a death in the family, and 2 

dropped out because they felt that they did not have enough time to participate.  Before 

commencement of the study period for Cohort 3, 1 participant dropped out for unknown reasons, 

as they were unable to be contacted.  During the study period for Cohort 3, 1 participant dropped 

out due to being too busy at work, 1 injured their back, 1 because of being diagnosed with a life-

changing illness, and 1 because of needing to be with their sick family member.  These results 

are summarised in table 5.1.  The flow of participant participation and withdrawal is outlined in 

figure 5. 

Table 5.1. Reasons for participants dropping out of study split between groups1,2 

 NSup Sup 
Unable to Make Time Commitment 3 1 
Illness/Injury3   4 0 
Illness/Issues in Family  1 1 
Non-Compliance  0 0 
Stopped Returning Phone Calls/Emails 3 0 
Moved Out of City   0 1 
Total     11 3 

1Values are reported as number of participants 

2Abbreviations used: NSup=non-supplemented group, Sup=supplemented group 

3Illness/injury unrelated to study 
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Figure 5.1. Flowchart for participant participation and withdrawal1,3 
1Abbreviations used: NSup=non-supplemented group, Sup=supplemented group 
 
2Seventeen participants randomised to Sup and 18 randomised to NSup 
 
3Drop out rate of 40% by week 16 

 

Responded to Advertisement n=98 

Completed In-Person Screening 
n=55 

Eligible for Study 
n=352 

Dropped Out of Study 
n=14 

Completed Study 
n=21 

NSup Group n=7 

Sup Group n=14 

After Study Start 
n=13 

 
!

Before Study Start 
n=1 
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2. Participant Characteristics 

a. Age/Gender 

The mean age of participants in the NSup group was 48.2±3.5 at weeks 0 and 8, and 

49±4.9 at week 16.  The mean age of participants in the Sup group was 45.6±3.8 at weeks 0 and 

8, and 47.5±3.5 at week 16.  (Values reported with ± standard error means).  There was no 

significant difference in age between the groups.  The study included 27 females and 8 males at 

week 0.  The male:female ratio for NSup was 4:14 at week 0, 2:8 at week 8, and 1:6 at week 16.  

The male:female ratio for Sup was 4:13 at week 0, 4:11 at week 8, and 4:10 at week 16. 

 

3. Participant Compliance 

a. Experimental Diet 

At baseline, participant diets were not significantly different.  At week 8, energy intake 

had changed by -23.0% for NSup and -17.8% for Sup (p=0.659).  At week 16, energy intake had 

changed by -3.1% for NSup and -16.5% for Sup (p=0.214).  The glycemic index throughout the 

study was an average of 40.8 for NSup and 43.0 for Sup.  Between group differences for average 

GI were not significant. 
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Table 5.2. Means for diet composition of participants in NSup and Sup at weeks 0, 8, and 161,2 

 NSup Sup 

 
BL 
(n=9) 

W8 
(n=8) 

W16 
(n=6) 

BL 
(n=14) 

W8 
(n=13) 

W16 
(n=12) 

Energy  1624.10 ± 
116.26 

 1253.59 ± 
73.38 

 1574.31 ± 
121.54 

 1599.87 ± 
137.88 

 1315.78 ± 
98.42 

 1336.29 ± 
114.07 (kcal) 

Carbohydrate 44.28 ± 2.66 45.23 ± 3.71 47.73 ± 1.37 47.68 ± 1.14 50.05 ± 1.69 48.12 ± 1.70 
(% energy) 
Protein 19.50 ± 1.42 23.05 ± 1.37 19.93 ± 0.42 19.23 ± 1.27 21.78 ± 1.15 22.67 ± 1.34 
(% energy) 
Fat 36.17 ± 2.23 32.18 ± 3.18 33.21 ± 1.84 32.99 ± 1.37 28.35 ± 1.22 29.23 ± 1.21 
(% energy) 

1Abbreviations used: NSup=non-supplemented group, Sup=supplemented group, BL=baseline measurement (week 
0), W8=week 8 measurement, W16=week 16 measurement, PUFAs=polyunsaturated fatty acids 
 

2Values are means ± SEM. 
 

b. Gym Attendance 

At week 8, NSup participants had attended the gym for 74.98% of workout sessions.  Sup 

had attended 80.90% of workout sessions.  At week 16, NSup had attended 73.50% of workout 

sessions.  Sup had attended 74.60% of workout sessions.  There was no significant difference 

between groups percentage of gym attendance (p=0.315 at week 8 and p=0.865 at week 16). 

 

c. Supplementation 

i. EPA and DHA 

Participant compliance was estimated based upon the weight of the supplement bottles 

weighed at each visit.  For week 8, participants had consumed an average of 102.58% of the 

recommended dosage.  At week 16, participants had consumed an average of 100.77% of the 

recommended dosage. 

 

 

 



! "#!

ii. Vitamin D 

For Vitamin D supplementation, participants at week 8 had consumed an average of 

100.31% of the recommended dosage.  For week 16, participants had consumed an average of 

95.92% of the recommended dosage. 

 

4. Anthropometry 

a. Distribution 

Anthropometric data were analysed for normal distribution.  Shapiro-Wilk tests were 

used to determine whether data were normally distributed.  A p<0.05 indicated that the data were 

not normally distributed.  When the changes for a biomarker were used it was found that body 

weight and hip circumference changes were not normally distributed whereas BMI, waist 

circumference, systolic/diastolic BP, and RHR changes were normally distributed. 

When the actual values for biomarkers (used to calculate intragroup changes and baseline 

values) were used it was found that body weight, diastolic BP, and RHR were not normally 

distributed whereas BMI, waist circumference, hip circumference, and systolic BP values were 

normally distributed. 

 

b. Baseline Measures 

At baseline measurements, there were no significant differences between NSup and Sup 

for body weight, BMI, waist circumference, hip circumference, systolic BP, diastolic BP, and 

RHR.  See table 5.3 for within group comparisons. 
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c. Body Weight/BMI 

Body weight changes from baseline at week 8 were -3.83 kg for NSup and -3.15 kg for 

Sup.  At week 16 body weight had changed from baseline by -7.49 kg for NSup and -3.60 kg for 

Sup.  Body weight changes for these time points between groups were found to not be significant 

(p=0.782 at week 8 and p=0.997 at week 16).  See table 5.3 for within group comparisons. 

 

d. Waist/Hip Circumference 

Waist and hip circumference changes for NSup at week 8 were -4.90 cm and -3.25 cm.  

Sup waist and hip circumference changes were -4.64 cm and -2.32 cm.  At week 16 waist and 

hip circumference changes for NSup were -10.00 cm and -6.85 cm.  Sup waist and hip 

circumference changes were -6.69 cm and -6.85 cm.  Waist and hip circumference changes 

between groups for week 8 were found to not be significant (p=0.551 and p=0.864).  Likewise, 

week 16 changes between groups were also not significant (p=0.273 and p=0.275).  See table 5.3 

for within group comparisons. 

 

e. Blood Pressure/Resting Heart Rate 

At week 8, systolic and diastolic BP for NSup had changed by -7.75 mmHg and -9.50 

mmHg respectively.  For Sup, systolic and diastolic BP had changed by -6.11 mmHg and -11.33 

mmHg.  At week 16, systolic and diastolic BP for NSup had changed by -6.60 mmHg and -5.40 

mmHg.  For Sup, systolic and diastolic BP changed by -7.63 mmHg and -11.88 mmHg.  

Changes at week 8 and 16 for systolic and diastolic BP between groups were not significant 

(p=0.321 and p=0.239 for week 8 and p=0.402 and p=0.083 for week 16). 
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At week 8, RHR for NSup had changed by -0.63 beats per minute (bpm) and Sup 

changed by -5.89 bpm.  At week 16, NSup had changed by -2.80 bpm and Sup had changed by -

4.75 bpm.  Changes at week 8 and 16 between groups for RHR were not significant (p=0.052 

and p=0.276).  See table 5.3 for within group comparisons.
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Table 5.3. Changes for anthropometric measures for NSup and Sup at weeks 0, 8, and 161,2 

 Nsup Sup 
 W8 W16 W8 W16 
Body Weight -3.83 ± 0.88a (n=7) -7.49 ± 1.60a (n=7) -3.15 ± 0.67a (n=14) -3.60 ± 1.20a (n=13) 
(kg) 
BMI  -1.30 ± 0.28a (n=10) -2.54 ± 0.48a (n=7) -1.17 ± 0.25a (n=14) -1.32 ± 0.43a (n=13) 
(kg/m2) 
Waist 

-4.90 ± 1.46a (n=10) -10.00 ± 1.35a (n=7) -4.64 ±1.34a (n=14) -6.69 ± 2.00a (n=13) Circumference 
(cm) 
Hip 

-3.25 ± 1.33a (n=10) -8.57 ± 2.06a (n=7) -2.32 ± 0.99a (n=14) -6.85 ± 2.24a (n=13) Circumference 
(cm) 
Systolic Blood 

-7.75 ± 2.35a (n=8) -6.60 ± 0.68a (n=5) -6.11 ± 2.50a (n=9) -7.63 ± 3.93a (n=8) Pressure 
(mmHg) 
Diastolic Blood 

-9.50 ± 1.07a (n=8) -5.40 ± 1.57a (n=5) -11.33 ± 2.26a (n=9) -11.88 ± 3.98a (n=8) Pressure 
(mmHg) 
Resting Heart -0.63 ± 1.59a (n=8) -2.80 ± 2.22a (n=5) -5.89 ± 2.49a (n=9) -4.75 ± 2.26a (n=8) 
Rate (bpm) 

1Abbreviations used: NSup=non-supplemented group, Sup=supplemented group, BL=baseline measurement (week 0),  
W8=week 8 measurement, W16=week 16 measurement, BMI=body mass index 
 
2Values are means ± SEM.  Values in a row not sharing the letter “a” have differences that are significant (p<0.05) 
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Table 5.4. Means for anthropometric measures for NSup and Sup at weeks 0, 8, and 161,2 

 NSup Sup 
 BL W8 W16 BL W8 W16 
Body Weight 102.52 ± 5.18a 

(n=10) 
98.70 ± 4.92b  
(n=10) 

94.31 ± 4.96b  
(n=7) 

101.87 ± 6.70a 
(n=14) 

98.71 ± 6.80b 
(n=14) 

99.67 ± 6.81b 
(n=13) (kg) 

BMI  35.95 ± 1.75a  
(n=10) 

34.65 ± 1.77b  
(n=10) 

33.03 ± 1.62b  
(n=7) 

36.73 ± 2.04a 
(n=14) 

35.56 ± 2.07b 
(n=14) 

35.81 ± 2.07b 
(n=13) (kg/m2) 

Waist 
109.90 ± 4.74a 
(n=10) 

105.10 ± 5.10b 
(n=10) 

96.71 ± 4.78b  
(n=7) 

114.43 ± 4.78a 
(n=14) 

109.79 ± 4.50b 
(n=14) 

107.85 ± 4.84b 

(n=13) Circumference 
(cm) 
Hip 

123.90 ± 4.61a 
(n=10) 

120.70 ± 4.18b 
(n=10) 

114.71 ± 3.77b 
(n=7) 

125.07 ± 4.11a 
(n=14) 

122.79 ± 4.30b 
(n=14) 

119.23 ± 3.95b 
(n=13) Circumference 

(cm) 
Systolic Blood 

129.50 ± 5.38a  
(n=8) 

121.75 ± 4.64b  

(n=8) 
118.40 ± 2.77b 
(n=5) 

134.22 ± 4.78a 
(n=9) 

128.11 ± 5.00b  

(n=9) 
128.75 ± 4.61b 
(n=8) Pressure 

(mmHg) 
Diastolic Blood 

89.75 ± 3.80a  
(n=8) 

80.25 ± 3.30b  
(n=8) 

78.60 ± 1.12b  
(n=5) 

93.22 ± 5.62a 

 (n=9) 
81.89 ± 4.40b  
(n=9) 

82.38 ± 4.52b  
(n=8) Pressure 

(mmHg) 
Resting Heart 77.50 ± 2.84a  

(n=8) 
76.88 ± 2.41a  
(n=8) 

77.00 ± 4.20a  
(n=5) 

75.56 ± 2.67a  
(n=9) 

62.56 ± 7.22b  

(n=9) 
70.75 ± 2.00b 

 (n=8) Rate (bpm) 
1Abbreviations used: NSup=non-supplemented group, Sup=supplemented group, BL=baseline measurement (week 0), W8=week 8 measurement, W16=week 16 
measurement, BMI=body mass index 
 
2Values are means ± SEM.  Values in a row not sharing the letter “a” have changes that are significant from their respective baseline (p<0.05) 
 

 

!
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5. Biochemical Analysis 

a. Distribution 

Biochemical data was analysed for normal distribution.  Shapiro-Wilk tests were used to 

determine if data was normally distributed.  A p<0.05 indicated that the data were not normally 

distributed.  When the changes for a biomarker were used it was found that fasting glucose, 

HbA1c, serum TG, EPA, and vitamin D were not normally distributed whereas fasting insulin, 

HDL-cholesterol, and DHA changes were normally distributed. 

When the actual values for biomarkers were used it was found fasting glucose, fasting 

insulin, HbA1c, HDL-cholesterol, EPA, and vitamin D were not normally distributed whereas 

serum TG and DHA values were normally distributed. 

 

b. Baseline Measures 

At baseline, there were no significant differences between NSup and Sup for fasting 

glucose, fasting insulin, HbA1c, HDL-cholesterol, serum TG, EPA, DHA, and vitamin D 

measurements.  See table 5.4 for within group comparisons. 

 

c. Glucose/Insulin/HbA1c 

At week 8, fasting glucose had changed by -0.22 mmol/L for NSup and -0.10 mmol/L for 

Sup.  At week 16, fasting glucose had changed by -0.05 mmol/L for NSup and -0.40 mmol/L for 

Sup.  These changes were not significant when comparing between groups (p=0.900 for week 8 

and p=0.481 for week 16). 
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Week 8 changes for fasting insulin were -9.78 nmol/L for NSup and 0.82 nmol.L for Sup.  

At week 16, fasting insulin had changed by 0.50 nmol/L for NSup and -9.18 nmol/L for Sup.  

The intergroup differences were not significant (p=0.757 for week 8 and p=0.311 for week 16). 

At week 8, HbA1c had changed -0.0006 for NSup and -0.0024 for Sup.  At week 16, 

HbA1c changed 0.0003 for NSup and -0.0009 for Sup.  Differences between the groups were not 

significant (p=0.166 for week 8 and p=0.481 for week 16).  See table 5.4 for within group 

comparisons. 

 

d. HDL-Cholesterol 

At week 8, HDL-cholesterol had changed -0.04 mmol/L for NSup and -0.06 mmol/L for 

Sup.  At week 16 HDL-cholesterol had changed 0.02 mmol/L for NSup and 0.05 mmol/L for 

Sup.  Differences between NSup and Sup were not significant (p=0.500 for week 8 and p=0.256 

for week 16).  See table 5.4 for within group comparisons. 

 

e. Serum Triglycerides 

At week 8, serum TG had changed -0.37 mmol/L for NSup and -0.23 mmol/L for Sup.  

At week 16, serum TG had changed -0.31 mmol/L for NSup and -0.32 mmol/L for Sup.  

Differences between groups were not significant (p=0.500 for week 8 and p=0.404 for week 16).  

See table 5.4 for within group comparisons. 

 

f. EPA/DHA 

At week 8, EPA and DHA had changed 0.05 and 0.29 % mol for NSup and 1.25 and 1.11 

% mol for Sup.  At week 16, EPA and DHA had changed 0.22 and 0.55 % mol for NSup and 
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1.47 and 1.36 % mol for Sup.  The difference between groups was significant at week 8 for EPA 

and DHA (p=0.000 for EPA and p=0.011 for DHA).  The difference between groups at week 16 

was significant for EPA but not DHA (p=0.000 for EPA and p=0.063 for DHA).  See table 5.4 

for within group comparisons. 

 

g. Vitamin D2/D3 

At week 8, 25(OH)D2/D3 had changed 4.3 nmol/L for NSup and 21.7 nmol/L for Sup.  

By week 16, 25(OH)D2/D3 had changed 6.1 nmol/L for NSup and 22.6 nmol/L for Sup.  There 

was a significant difference between groups at week 8 (p=0.018) but it was not significant at 

week 16 (p=0.197).  See table 5.4 for within group comparisons.
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Table 5.5. Changes for biochemical measures for NSup and Sup at weeks 0, 8, and 161,2 

 Nsup Sup 
 W8 W16 W8 W16 
Glucose -0.22 ± 0.15a (n=9) -0.05 ± 0.16a (n=6) 5.65 ± 0.24a (n=11) -0.40 ± 0.35a (n=11) 
(mmol/L) 
Insulin  -9.78 ± 11.61a (n=9) 0.50 ± 26.27a (n=6) 85.27 ± 17.78a 

(n=11) -9.18 ± 42.59a (n=11) 
(pmol/L) 
HBA1C -0.0006 ± 0.001a (n=9) 0.0003 ± 0.001a (n=6) 5.8 ± 0.1b (n=11) -0.0009 ± 0.001a (n=11) 
(%) 
HDL-Chol -0.04 ± 0.05a (n=9) 0.02 ± 0.15a (n=6) 1.18 ± 0.09a (n=9) 0.05 ± 0.08a (n=9) 
(mmol/L) 
Serum 

-0.37 ± 0.23a (n=9) -0.31 ± 0.35a (n=6) 1.52 ± 0.23a (n=9) -0.32 ± 0.13a (n=9) Triglycerides 
(mmol/L) 
EPA 0.05 ± 0.08a (n=14) 0.22 ± 0.14a (n=13) 1.25 ± 0.10b (n=14) 1.47 ± 0.15b (n=13) 
(mol %) 
DHA 0.29 ± 0.11a (n=14) 0.55 ± 0.32a (n=13) 1.11 ± 0.22b (n=14) 1.36 ± 0.32a (n=13) 
(mol %) 
Vitamin D 4.3 ± 3.03a (n=14) 6.1 ± 3.53a (n=13) 21.7 ± 5.59b (n=14) 22.6 ± 8.94a (n=13) 
(nmol/L) 

1Abbreviations used: NSup=non-supplemented group, Sup=supplemented group, BL=baseline measurement (week 0),  
W8=week 8 measurement, W16=week 16 measurement, HbA1c=glycosylated hemoglobin, HDL-Chol=high-density  
Lipoprotein cholesterol, EPA=eicosapentaenoic acid, DHA=docosahexaenoic acid, Vitamin D=25-hydroxyvitamin D2/D3 
 
2Values are means ± SEM.  Values in a row not sharing the letter “a” have differences that are significant (p<0.05) 
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Table 5.6. Means for biochemical measures for NSup and Sup at weeks 0, 8, and 161,2 

 NSup Sup 
 BL W8 W16 BL W8 W16 
Glucose 5.48 ± 0.13a (n=9) 5.26 ± 0.10a (n=9) 5.53 ± 0.13a (n=6) 5.75 ± 0.32a (n=11) 5.65 ± 0.24a (n=11) 5.55 ± 0.21a (n=11) 
(mmol/L) 
Insulin  107.89 ± 34.85a 

(n=9) 
96.67 ± 27.36a 
(n=9) 

81.83 ± 19.67a 
(n=6) 

84.45 ± 21.83a 
(n=11) 

85.27 ± 17.78a 
(n=11) 

76.90 ± 19.74a 
(n=11) (pmol/L) 

HBA1C 5.8 ± 0.1a (n=9) 5.7 ± 0.1a (n=9) 5.8 ± 0.1a (n=6) 6.1 ± 0.002a (n=11) 5.8 ± 0.1b (n=11) 5.9 ± 0.1a (n=11) 
(%) 
HDL-Chol 1.17 ± 0.05a (n=9) 1.15 ± 0.06a (n=9) 1.22 ± 0.08a (n=6) 1.24 ± 0.10a (n=9) 1.18 ± 0.09a (n=9) 1.25 ± 0.13a (n=9) 
(mmol/L) 
Serum 

1.95 ± 0.33a (n=9) 1.56 ± 0.22a (n=9) 1.64 ± 0.30a (n=6) 1.75 ± 0.25a (n=9) 1.52 ± 0.23a (n=9) 1.55 ± 0.28b (n=9) Triglycerides 
(mmol/L) 
EPA 0.83 ± 0.15a (n=7) 0.88 ± 0.20a (n=7) 1.05 ± 0.20a (n=7) 0.81 ± 0.11a (n=14) 2.06 ± 0.15b (n=14) 2.30 ± 0.19b (n=13) 
(mol %) 
DHA 3.81 ± 1.10a (n=7) 4.10 ± 0.35a (n=7) 4.36 ± 0.57a (n=7) 4.07 ± 0.29a (n=14) 5.18 ± 0.25b (n=14) 5.44 ± 0.28b (n=13) 
(mol %) 
Vitamin D 64.2 ± 4.46a (n=7) 68.4 ± 3.32a (n=7) 70.2 ± 5.56a (n=7) 57.5 ± 6.27a (n=14) 79.2 ± 2.54b (n=14) 77.0 ± 3.30b (n=13) 
(nmol/L) 

1Abbreviations used: NSup=non-supplemented group, Sup=supplemented group, BL=baseline measurement (week 0), W8=week 8 measurement, W16=week 16 
measurement, HbA1c=glycosylated hemoglobin, HDL-Chol=high-density lipoprotein cholesterol, EPA=eicosapentaenoic acid, DHA=docosahexaenoic acid, 
Vitamin D=25-hydroxyvitamin D2/D3 
 

2Values are means ± SEM.  Values in a row not sharing the letter “a” have changes that are significant from their respective baseline (p<0.05)!



! "#!

6. The Metabolic Syndrome 

At baseline, all participants were considered to have MetS.  By week 8, 58% of 

participants still met the criteria for MetS and at week 16, 50% of participants still met the MetS 

criteria.  The criteria were based upon the 2005 IDF standards (1).  Results are displayed in 

figures 5.2 and 5.3. 

!
Figure 5.2. Percentage of participants who meet 2005 IDF criteria for MetS1,2 

1Abbreviations used: NSup=Non-supplemented group, Sup=supplemented group, BL=baseline measurement (week 
0), W8=week 8 measurement, W16=week 16 measurement  
 
2Group totals (those with and with out risk factors for MetS for NSup+Sup at BL (n=24), W8 (n=24), W16 (n=20); 
NSup BL (n=10), W8 (n=10), W16 (n=7); Sup BL (n=14), W8 (n=14), W16 (n=13) 
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Figure 5.3. Percentage of participants who meet 2009 harmonised criteria for MetS1,2 

1Abbreviations used: NSup=Non-supplemented group, Sup=supplemented group, BL=baseline measurement (week 
0), W8=week 8 measurement, W16=week 16 measurement  
 
2Group totals (those with and with out risk factors for MetS for NSup+Sup at BL (n=24), W8 (n=24), W16 (n=20); 
NSup BL (n=10), W8 (n=10), W16 (n=7); Sup BL (n=14), W8 (n=14), W16 (n=13) 
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VI. DISCUSSION 

1. Evidence for the Hypothesis 

Based upon analysis of body weight changes we were unable to reject the null primary 

hypothesis. Also, based upon analysis of changes to MetS risk factors we were unable to reject 

the null secondary hypothesis. 

 

2. Body Weight and Metabolic Syndrome Risk Factors 

The most important positive finding of this research project is that a low GI-based diet, 

containing a moderate amount of protein and a low amount of fat combined with exercise was 

effective in reducing MetS risk factors.  By the end of the 16-week trial, only half of the subjects 

still had the criteria for diagnosis of MetS.  This is positive in that this research was able to 

intervene with a lifestyle modification that effectively reduced the risk that these subjects would 

develop CVD, T2DM, and other diseases.  Previous work in this lab has shown this type of 

intervention to be successful and so this study is able to contribute to that body of evidence 

(115).  The reductions in risk factors were generally positive for all subjects but specifically 

looking at the differences between Sup and NSup became difficult.    

 

a. Body Weight/Waist Circumference 

In this study it was seen that NSup lost more weight than Sup.  It was expected that if 

supplementation provided no benefit that both groups would have at least lost the same amount 

of weight.  It is possible that given the small number of participants that completed, a few 

participants who did very well could skew the mean.  In NSup there was one participant who lost 

considerably more weight than the rest of the participants. 
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b. Hypertension 

Both groups had significant (p<0.05) improvements in systolic and diastolic BP at weeks 

8 and 16.  Of note, is that RHR decreased significantly only in Sup at both time points.  

Decreases ranged from approximately 6-8 mm Hg for systolic BP and 5-12 mm Hg for diastolic 

BP.  This is consistent with past research in weight loss interventions (115).  Omega-3 fatty acids 

have been shown to decrease RHR, which may be what was responsible for this decrease in Sup. 

 

c. Hyperglycemia/Insulin Resistance 

Control over blood glucose was not problematic for these participants due to the mean 

fasting blood glucose being less than the cutoff for MetS (<5.6 mmol/L).  There were a few 

participants that had high blood glucose and several of them were diabetic (T1DM and T2DM) 

but those taking medication for this condition or had a diagnosis of diabetes could not be 

included in the analysis, which is what led to lower values being reported.  It was expected that a 

low GI diet should lower fasting blood glucose and insulin but it’s possible that the low GI diet 

may have more favourably affected those that were excluded from the analysis of these values 

(34). 

 

d. HDL-Cholesterol 

There were slight positive changes in HDL-cholesterol by week 16 for NSup and Sup but 

not enough to be significant.  Slight changes in HDL-cholesterol can make dramatic 

improvements upon cardiovascular risk factors but without the necessary statistical power it 

could not be seen if any effects were the result of the intervention (116).  Omega-3 fatty acids 
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have been identified with increasing HDL-cholesterol measures but this could not be determined 

in this study (75).  On average, the participants were not drastically lower in HDL-cholesterol so 

it is possible that had the means been closer to 1.00 mmol/L as opposed to the starting values of 

1.17 mmol/L for NSup and 1.24 mmol/L for Sup, an increase may have been more noticeable. 

 

e. Serum Triglycerides 

The intervention likely had a beneficial effect upon both groups for reducing serum TG 

levels.  Although not significant, there is suggestion from the data (1.64 vs. 1.55 mmol/L for 

NSup and Sup) that the omega-3 fatty acid supplement improved the serum TG risk factor for 

MetS beyond that done by the diet and exercise intervention.  Previous studies have shown that 

there is a TG lowering effect associated with consuming omega-3 fatty acids (6,73,75). 

 

f. Analysis of Risk Factors 

In order to analyse MetS risk factors certain conditions had to be controlled.  Participants 

admitted to the study were considered under the 2005 IDF definition of MetS (see table 2.1) (1).  

Within these criteria, participants could meet the risk factor requirements by reaching the cutoff 

values, being diagnosed with the condition, or by taking medication for this condition.  The 

intent of allowing medicated participants into the study was to increase recruitment of 

individuals into the study and to enhance the applicability of results to our population at large.  

Had medicating a condition been exclusionary it is likely that not enough participants would 

have been recruited as those who are more likely to take part are generally more health conscious 

and likely being treated for health conditions.  To make the results more reliable, certain 

participants had to be excluded for some measures.  For example, a participant taking a statin 
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drug for high cholesterol could not be included in results to analyse whether there was an effect 

of the supplement on serum TG because the statin drug could confound this result.  Likewise, 

insulin changes would be difficult to analyse if people who do not endogenously produce insulin 

were included for that measure. 

 

g. Recommendations 

This intervention for people with MetS has shown promise in treating the risk factors for 

MetS by reducing the severity of cardiac and metabolic dysfunction as well as reducing body 

weight.  The goals of MetS interventions are to reduce body weight and the diet and exercise 

intervention of this study was able to demonstrate its ability to do this.  The supplementation 

portion of the intervention was less clear in whether it reduced MetS risk factors and some 

reasons could be that there were not enough subjects to detect statistical significance, and the 

dosages for the supplements were too low. 

To increase the likelihood of detecting a significant difference in future studies, more 

participants are needed so that the sample mean may be more precise.  The other option is to 

increase the dosage as this has also been shown to produce significant results (74).  As a 

significant difference was not detected in this project, it is possible that the dosage was not high 

enough to elicit the desired effects.  A higher dosage seems to be common in studies seeking to 

improve MetS risk factors (74).  Therefore, future studies seeking to test the effectiveness of 

omega-3 fatty acids on MetS markers should use a higher dosage, preferably at least 3 g/d of 

DHA and EPA (74).  For vitamin D3 it is possible that a higher dosage would be necessary to 

produce a pharmacologic effect beyond bone health.  If this were to be attempted, blood calcium 

levels could be monitored to prevent the possibility of hypercalcemia in participants (112). 
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3. Participant Compliance 

a. Diet 

By week 16, Sup was consuming ~264 less kcal per day than NSup.  It is possible that 

this difference may have been attributable to the intake of omega-3 fatty acids.  Some research 

has shown an association with increasing satiety so perhaps omega-3 fatty acids could help in 

maintaining energy restriction during weight loss (81).  Measuring energy restriction and 

macronutrient distribution from food records was difficult in some respects because participants 

would not always fill out their records correctly, and sometimes not at all.  It is expected that 

energy restriction should have been primarily responsible for the weight lost but given that it was 

not always a large difference from baseline values, it could have been the increase in activity that 

could explain some of the weight loss in these groups. 

Participants followed the GI quite well as average GI values over the course of the study 

were below the cutoff of 55 for low GI foods.  Prior to beginning this study, they received lists of 

foods and what their respective GI values were.  There did not seem to be any difficulties with 

participants following these recommendations and avoiding high GI foods.  The values reported 

are averages for the day’s intake so that does not necessarily mean that participants did not eat 

high GI foods, just that they did not eat a large portion of the their day’s carbohydrates from this 

category. 

 

b. Exercise 

Dieting will make a large impact on the weight lost but exercise can improve compliance 

and reduce attrition of participants (117).  During weight loss, the body will sacrifice lean mass 

along with fat mass and depress its metabolism (118).  Exercise decreases the amount of lean 



! %+!

mass lost during dieting, improving BMR, and maintaining bone mineral density (118).  This 

could help prevent recidivism and weight regain after the weight loss period ends.  During the 

exercise portion of the study, most participants were enthusiastic about attending their sessions.  

Exercise was monitored and injuries were prevented.   

The planning of the exercise was made somewhat complex due to the many different 

health conditions that participants had.  In general, most participants were sedentary and had 

been for some time, which required an acclimatisation period for exercise to prevent 

overstressing their bodies.  Considerations had to be made for participants with osteoarthritis to 

prevent aggravating their condition.  Certain types of activities such as high impact motions like 

running had to be avoided so they used exercise bikes instead.  This lead to a variation in what 

each participant did for exercise but each participant was motivated to keep his or her heart rate 

in the exercising range throughout the hour.  The program was designed to take an hour to 

complete but some participants took longer to adjust to this schedule. Several participants would 

initially take upwards of 1.5 hours to complete the circuit while others would finish slightly less 

than one hour.  Further on into the study, those who were initially slower did become quicker at 

completing the circuit. 

Exercise sessions were conducted at the University of Guelph Athletic Centre.  After 

negotiations with the facility, a small fee was charged for each participant enrolled in the study.  

During the summertime there were not many students, which made it quite easy for participants 

to have the space that they needed to exercise.  In September, with the return of undergraduate 

students, the facility became far busier than would be ideal.  This was not too much of an issue 

for those who exercised during the morning and into the middle of the afternoon but it became 
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very busy after 4:00pm.  For those who came at this time, some adaptations to the fitness 

program had to be made to accommodate the space that was available.   

Participation over the 16-week study was approximately 74%.  This is seen as being 

fairly good.  This is probably due to there being supervision during exercise sessions.  Some 

participants commented that they came on particularly exhausting days because they knew that 

someone was there at the gym waiting for them.  The exercises performed at the gym were 

changed approximately every month to help participants to not become acclimatised to their 

workouts and also to prevent monotony, which could lower participant attendance.  When 

sessions were missed it was usually due to vacations during the summer.  Had it not been for 

participants taking vacation time it is likely that the attendance rate would have been higher.  

Had participants not been allowed to take 1-2 weeks of vacation time it is likely that fewer 

people would have been able to participate within the study. 

 

c. Supplementation 

A higher dosage for both supplements was initially proposed for the study design, which 

it was felt would have been high enough to yield results and still be lower than the upper limit 

established by Health Canada.  The Research Ethics Board of the University of Guelph did not 

approve these higher levels, as approval had not been sought from Health Canada first.  Instead, 

the on-label dosage for omega-3 fatty acids of 1.8 g/d of EPA/DHA and 2000 IU vitamin D3 

were used. 

Participants were given a bottle of each supplement to start and instructed on how many 

they were to take at a time.  Supplement bottles were weighed on an electronic balance at the 

first nutritional counselling session and thereafter every time they came back.  Participants were 



! %%!

to bring their bottles for each weekly appointment but this did not always happen.  Bottles were 

sometimes forgotten and one participant never brought their bottles in meaning that it was not 

known if they took the supplement at all.  For this reason, this participant was excluded from 

analysis.  The data showed that participants were very good at taking their supplements and in 

some instances probably taking more than required due to higher than 100% compliance for 

omega-3 fatty acids.  This is possibly a calculation error on our part due to using bottle weights 

as the method of assessment. 

It was found that the mean concentration of 25(OH)D2/D3 in Sup changed to a greater 

extent than NSup.  There were however non-significant differences between groups at week 16.   

Both groups had similar concentrations at week 16 with Sup having a slightly higher mean.  The 

supplemented group started with a lower mean concentration so it is possible that the 

supplementation effect was not noticeable at the end of the trial due to this.  Looking at 

individual data within Sup it seemed apparent that certain people were vitamin D deficient before 

the study and quickly became sufficient from supplementation.  For others, there did not seem to 

be any effect from vitamin D3 supplementation upon their blood concentration of 25(OH)D2/D3.   

The results can be further complicated by not being able to control for sun exposure.  The 

first cohort of participants started in May during a time where 25-hydroxyvitamin D2/D3 

concentrations are traditionally lower and then rise during the summer.  It is expected that sun 

exposure would impact everyone’s vitamin D status.  Without knowing individual sun exposure 

it leads to a possible confounding factor.  It has been noted earlier in this work that obese people 

have a problem with synthesising vitamin D3 within the skin and that vitamin D3 can sequester 

within the fat stores of the body (93). 
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Overall, it can be seen that supplementing 1.8 g/d of EPA and DHA in the form of fish oil 

capsules does significantly increase the concentration of EPA and DHA found within RBC 

phosplipid membranes.  Therefore, the body will absorb and utilise omega-3 fatty acids delivered 

through a supplement. 

 

d. Recommendations 

There were difficulties with processing food records in a timely manner to provide 

feedback to participants.  It is possible that further training of those handling these records, 

making records easier to fill out, or requiring participants to fill out 3-day records instead of 7-

day could speed up the turnover from filling the record out to getting feedback.  The largest 

limitation on exercise was not having enough space for participants to exercise.  The facilities at 

the Athletic Centre are currently being added to and renovated.  In the next several years when 

this work is completed, it is expected that space will be less of an issue, which will allow 

enrollment of more participants for future studies.  Having more space would also allow the time 

periods that subjects could come to exercise to be made shorter.  Reducing the number of hours a 

day that a study investigator would need to be at the gym could reduce the possibility of burnout 

and help maintain the high standards required for a clinical trial. 

For supplementation, had it been known earlier that Health Canada approval was 

necessary, it would have been obtained but the turnover from application to approval at the 

Natural Health Product Directory could take between 3-12 months and that would have 

prevented this study from having been completed in time.  Future studies should seek to have 

approval in place before any other work is done to allow timely completion of the project.  

Measuring compliance was not as accurate as it should have been and so packaging each day’s 
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supplements and giving a few weeks supply at a time would allow better measurement and more 

control over whether participants were taking their supplements correctly. 

 

4. Study Design 

This study was designed based upon the most recent findings in weight loss/MetS 

interventions (78,115,119).  The goal of this study was to build upon what has been discovered 

and experimenting with nutritional supplements in order to see if there is an additive benefit by 

further reducing risk factors for MetS.  Omega-3 fatty acids have an established role in treating 

dyslipidemia and thus their role is quite obvious in why such a supplement should be utilised in 

treating MetS (76).  Levels of 25(OH)D3 have been shown to be lower in obese people and it is 

thought that increasing one’s 25(OH)D3 level could impact weight loss, insulin sensitivity, BP, 

and possibly help in other areas of health too (8,111,120,121).  This study is unique in that it 

investigated the effect of omega-3 fatty acids and vitamin D3 combined into a diet and exercise 

program designed to treat MetS risk factors.  Designing the study so that all participants received 

the nutritional and exercise interventions was done for several reasons.  It was designed to 

compare the effects of the supplement on MetS risk factors assuming that both the NSup and Sup 

groups followed the diet and exercise portions of the study to the same degree which it is 

believed that they did.  Lastly, a low glycemic index based diet and exercise have already been 

shown to improve MetS risk factors and so a study that used these interventions with combining 

supplementation was ideal (34,36,119).  The study was carried out successfully and has revealed 

information that could enhance and improve the effectiveness of further studies with additional 

funding to allow a larger scope and duration of investigation. 
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a. Participation 

With 35 participants recruited to participate in this study, the program saw 21 people 

complete it.  This put the study’s retention rate at 60%.  This is not uncommon to see in diet 

interventions (115).  The lower number of participants can be attributed to several different 

factors.  A lack of external funding greatly reduced the initial scope of this study.  In considering 

costs, the number of participants we aimed to recruit was halved.  The duration over which the 

study would be conducted was also reduced.  Recruiting did not go as well as expected with 

potential people contacting the study at a slow rate.  This could be attributed to the time of the 

year that this study was run.  People are generally more inclined to improve their health and lose 

weight at the beginning of the year.  This desire however, rapidly wanes.  This study began 

recruiting in April and so there may have been no additional motivation for people to join than 

would be expected at another time of the year.  With summer also approaching, it is possible that 

people did not want the study interfering with their vacations and other summertime activities.  

These are likely the reasons for recruiting being more difficult than in past studies.   

Participant dropouts led to twice as many Sup members completing the study.  This may 

have happened because this study was not blinded.  Participants knew whether they were 

receiving supplements or not.  For those who did not, they may have believed that their 

participation would not have been beneficial and thus they would have been less likely to be 

motivated to continue the program.  Certain aspects of the study could have been stressful to 

participants.  Filling out daily food records was required to allow calculation of compliance with 

the diet protocol.  Many participants expressed this as wearisome to do throughout the 16-week 

study though most were diligent in filling them out.  This could be seen as a stressor that would 

encourage attrition.  Lastly, several of the dropouts from the NSup group were due to 
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injuries/illness not related to the study in any way.  To overcome these barriers to completing the 

study, better one-on-one interaction through nutritional counselling could resolve concerns and 

build motivation to continue. 

 

b. Recommendations 

Participant dropouts are one of the main reasons for complicating the results of this study.  

As participant numbers dropped, statistical power decreased.  The ability of this study to handle 

larger numbers at the same time was also impaired due to limited resources for counselling as 

well as space at the athletic facility.  A longer recruiting time would allow limited resources to be 

more effective by not reaching past the capacity of facilities and staff in handling participants.  

This could also address participant dropouts by allowing more people to be recruited to replace 

dropping numbers. 

Reducing stress on participants could also arise from using 3-day food records instead of 

7-day.  If participants felt less stress then it would be expected that the costs of the study would 

be less significant to them and result in more people completing the intervention.  Participant 

vacation time compromised participation rates at the gym and compliance with the diet.  

Running the study outside of the summer would bring different issues to handle but subjects 

leaving for vacation would not be one. 

Future studies would also benefit from better training of those who interact with 

participants.  Participants did not feel that they were getting as much as they expected out of the 

nutritional counselling sessions.  They felt that they were not receiving effective feedback in how 

they were complying with the diet and they would have liked more structured meal plans so that 

they knew what to make and how much to eat of it.  If participants felt that this part of the study 
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was not as helpful as it could be, it could have led to them feeling unmotivated to continue the 

program.  Better suggestions for dietary changes, physical activity habits, and training staff on 

how to handle subjects would likely increase participant satisfaction and retention.  Such advice 

could be sought from professionals such as registered dietitians and personal trainers.  Utilising 

these suggestions as well as having additional funding to make use of more resources could 

increase the number of participants from which data could be gathered. 

 

5. Study Strengths and Limitations 

This clinical trial had several strengths worth noting.  The participants had plenty of 

support available to them through interaction with the study coordinator or other assistants at the 

gym, through email, or at the nutritional counselling sessions.  This allowed the participants to 

feel motivated and accountable for the effort they put into the program.  Participants also had 

study manuals to provide them with pertinent information on how to fill out diet records, what 

methods of collection we would use for data, lists of low GI foods, and so forth.  This 

information was designed to empower participants, increase their accountability, and make the 

study more convenient than it otherwise would have been for them. 

At exercise sessions, having a personal trainer conduct the supervision increased the 

quality of the exercise performed.  Having the personal trainer as part of the research team also 

significantly reduced the costs of running the exercise portion of the study.  The personal trainer 

was able to ensure that people exercised as best as they were able and that they did not develop 

any damage to their musculoskeletal system.  Having supervision through the research 

coordinator and assistants was also important in retention of participants and being able to 

measure their compliance for this part of the study.  
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Limitations to the study were in part due to a limited budget to operate on.  The number 

of potential participants and the timeframe for the study were reduced and this affected the 

number of participants that would complete the study and as a result, this lead to difficulty in 

finding significance in changes between the groups’ MetS risk factors and other measures.  

Another result of having to reduce the number of participants was that there would not be enough 

participants to look at the supplements separately.  Combining the two supplements limited the 

ability to determine what each supplement is capable of doing in reducing MetS risk factors. 

Along with having a small number of participants complete the study is that many 

participants could not be used in analysing certain measures due to the presence of confounding 

medical conditions.  Having more participants would have overcome this problem and may have 

even allowed the grouping of participants with these conditions into a separate analysis. 

 

6. Future Work 

To reiterate, a future study should utilise more resources to allow a longer period of 

recruitment and running of the intervention.  With enough time before the start of the study, 

approval should be sought from the Natural Health Product Directorate allowing the use of 

higher dosages of vitamin D3 and omega-3 fatty acid supplements.  It would also be important to 

have 4 different groups of participants so that the supplements could be given to participants 

individually, combined, and not at all to better determine what impact these supplements may 

have upon MetS.  Running a larger trial would increase the likelihood of better understanding the 

benefit EPA/DHA and vitamin D3 will have upon health.  The VITamin D and OmegA-3 TriaL 

(VITAL) that is currently underway for the next 5 years is doing a similar design but is not 

looking exclusively at MetS risk factors (122).  The future study can also improve the quality of 
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the study by ensuring that the other recommendations and limitations mentioned previously are 

addressed.  Doing these things should lead to conclusive results and add to the body of evidence 

linking omega-3 fatty acids and vitamin D3 to health, disease prevention, and treatment.!
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VII. SUMMARY AND CONCLUSIONS 

This research was able to show that a low glycemic index based diet that is also low in fat 

and moderate in protein intake combined with an exercise program may be effective in reducing 

MetS risk factors.  By week 16, only half of the participants still had the criteria for diagnosis of 

MetS (according to the 2005 IDF criteria), meaning a reduction in risk of disease and death from 

diabetes, CVD, and cancer to name a few associations.  Whether supplementation with omega-3 

fatty acids and vitamin D3 was beneficial remains inconclusive, as these changes were not 

significant.  It was shown that supplementation of 1.8 g/d EPA+DHA makes a significant change 

to RBC phospholipids and that 2000 IU vitamin D3 supplementation will improve the vitamin D 

status of certain individuals and that a higher dosage is likely needed to create significant 

changes in MetS risk factors and in aiding weight loss. 

The most difficult part of drawing conclusions from this study is the low number of 

participants.  There is suggestion from the data however, that omega-3 fatty acids and vitamin D3 

supplementation may improve MetS risk factors.  As a pilot study, it has been able to show 

where to improve the study design and what to expect for future work with more resources and 

time in which it may be completed allowing for enough participants to go through the protocol.  

This work has laid the foundation upon which future work may now improve and have better 

results.  This future work will greatly benefit from what has been done in the project.  Future 

work can improve upon: participant compliance, participant attrition, effective nutritional 

counseling, and participant enrollment in order to ensure that it has a better chance at finding 

statistically significant associations and useful clinical outcomes. 



! #"!

VIII. REFERENCES 

(1) Alberti G, Zimmet P, Shaw J, Grundy S. The IDF consensus worldwide definition of the 
Metabolic Syndrome. 2006. 

(2) Riediger ND, Clara I. Prevalence of metabolic syndrome in the Canadian adult population. 
CMAJ 2011 Oct 18;183(15):E1127-34. 

(3) Brand-Miller J, McMillan-Price J, Steinbeck K, Caterson I. Dietary glycemic index: health 
implications. J Am Coll Nutr 2009 Aug;28 Suppl:446S-449S. 

(4) Oomen CM, Feskens EJ, Rasanen L, Fidanza F, Nissinen AM, Menotti A, et al. Fish 
consumption and coronary heart disease mortality in Finland, Italy, and The Netherlands. Am J 
Epidemiol 2000 May 15;151(10):999-1006. 
(5) Kromhout D, Bosschieter EB, de Lezenne Coulander C. The inverse relation between fish 
consumption and 20-year mortality from coronary heart disease. N Engl J Med 1985 May 
9;312(19):1205-1209. 

(6) Kris-Etherton PM, Harris WS, Appel LJ, Nutrition Committee. Fish consumption, fish oil, 
omega-3 fatty acids, and cardiovascular disease. Arterioscler Thromb Vasc Biol 2003 Feb 
1;23(2):e20-30. 
(7) Wijendran V, Hayes KC. Dietary n-6 and n-3 fatty acid balance and cardiovascular health. 
Annu Rev Nutr 2004;24:597-615. 
(8) Martini LA, Wood RJ. Vitamin D status and the metabolic syndrome. Nutr Rev 2006 
Nov;64(11):479-486. 
(9) Langlois K, Greene-Finestone L, Little J, Hidiroglou N, Whiting S. Vitamin D status of 
Canadians as measured in the 2007 to 2009 Canadian Health Measures Survey. Health Rep 2010 
Mar;21(1):47-55. 

(10) Alemzadeh R, Kichler J, Babar G, Calhoun M. Hypovitaminosis D in obese children and 
adolescents: relationship with adiposity, insulin sensitivity, ethnicity, and season. Metabolism 
2008 Feb;57(2):183-191. 
(11) Gallagher EJ, LeRoith D, Karnieli E. The metabolic syndrome--from insulin resistance to 
obesity and diabetes. Endocrinol Metab Clin North Am 2008 Sep;37(3):559-79, vii. 
(12) Despres JP, Lemieux I. Abdominal obesity and metabolic syndrome. Nature 2006 Dec 
14;444(7121):881-887. 
(13) Despres JP. Is visceral obesity the cause of the metabolic syndrome? Ann Med 
2006;38(1):52-63. 
(14) Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. 
Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes 
Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood 
Institute; American Heart Association; World Heart Federation; International Atherosclerosis 
Society; and International Association for the Study of Obesity. Circulation 2009 Oct 
20;120(16):1640-1645. 



! #%!

(15) Gregor MF, Hotamisligil GS. Inflammatory mechanisms in obesity. Annu Rev Immunol 
2011 Apr 23;29:415-445. 

(16) Chan DC, Watts GF. Dyslipidaemia in the metabolic syndrome and type 2 diabetes: 
pathogenesis, priorities, pharmacotherapies. Expert Opin Pharmacother 2010 Jul 14. 

(17) Grundy SM. Obesity, metabolic syndrome, and cardiovascular disease. J Clin Endocrinol 
Metab 2004 Jun;89(6):2595-2600. 

(18) Czech MP, Corvera S. Signaling mechanisms that regulate glucose transport. J Biol Chem 
1999 Jan 22;274(4):1865-1868. 

(19) Kahn BB, Flier JS. Obesity and insulin resistance. J Clin Invest 2000 Aug;106(4):473-481. 
(20) Grundy SM. Hypertriglyceridemia, insulin resistance, and the metabolic syndrome. Am J 
Cardiol 1999 May 13;83(9B):25F-29F. 
(21) Hotamisligil GS. Inflammation and metabolic disorders. Nature 2006 Dec 
14;444(7121):860-867. 
(22) Shulman GI. Cellular mechanisms of insulin resistance. J Clin Invest 2000 Jul;106(2):171-
176. 
(23) Petersen KF, Shulman GI. Etiology of insulin resistance. Am J Med 2006 May;119(5 Suppl 
1):S10-6. 
(24) Chan DC, Barrett HP, Watts GF. Dyslipidemia in visceral obesity: mechanisms, 
implications, and therapy. Am J Cardiovasc Drugs 2004;4(4):227-246. 
(25) Reilly MP, Rader DJ. The metabolic syndrome: more than the sum of its parts? Circulation 
2003 Sep 30;108(13):1546-1551. 
(26) Lavie CJ, Milani RV, Ventura HO. Obesity and cardiovascular disease: risk factor, paradox, 
and impact of weight loss. J Am Coll Cardiol 2009 May 26;53(21):1925-1932. 
(27) Muller-Wieland D, Kotzka J, Knebel B, Krone W. Metabolic syndrome and hypertension: 
pathophysiology and molecular basis of insulin resistance. Basic Res Cardiol 1998;93 Suppl 
2:131-134. 

(28) Kerr SM, Livingstone MB, McCrorie TA, Wallace JM. Endothelial dysfunction associated 
with obesity and the effect of weight loss interventions. Proc Nutr Soc 2011 Nov;70(4):418-425. 

(29) Levin BE. Why some of us get fat and what we can do about it. J Physiol 2007 Sep 1;583(Pt 
2):425-430. 

(30) Pereira MA, Swain J, Goldfine AB, Rifai N, Ludwig DS. Effects of a low-glycemic load 
diet on resting energy expenditure and heart disease risk factors during weight loss. JAMA 2004 
Nov 24;292(20):2482-2490. 
(31) Jackman MR, Steig A, Higgins JA, Johnson GC, Fleming-Elder BK, Bessesen DH, et al. 
Weight regain after sustained weight reduction is accompanied by suppressed oxidation of 
dietary fat and adipocyte hyperplasia. Am J Physiol Regul Integr Comp Physiol 2008 
Apr;294(4):R1117-29. 



! ##!

(32) Villegas R, Liu S, Gao YT, Yang G, Li H, Zheng W, et al. Prospective study of dietary 
carbohydrates, glycemic index, glycemic load, and incidence of type 2 diabetes mellitus in 
middle-aged Chinese women. Arch Intern Med 2007 Nov 26;167(21):2310-2316. 
(33) Krishnan S, Rosenberg L, Singer M, Hu FB, Djousse L, Cupples LA, et al. Glycemic index, 
glycemic load, and cereal fiber intake and risk of type 2 diabetes in US black women. Arch 
Intern Med 2007 Nov 26;167(21):2304-2309. 

(34) Brand-Miller J, Hayne S, Petocz P, Colagiuri S. Low-glycemic index diets in the 
management of diabetes: a meta-analysis of randomized controlled trials. Diabetes Care 2003 
Aug;26(8):2261-2267. 
(35) Esfahani A, Wong JM, Mirrahimi A, Srichaikul K, Jenkins DJ, Kendall CW. The glycemic 
index: physiological significance. J Am Coll Nutr 2009 Aug;28 Suppl:439S-445S. 
(36) Radulian G, Rusu E, Dragomir A, Posea M. Metabolic effects of low glycaemic index diets. 
Nutr J 2009 Jan 29;8:5. 
(37) Bornfeldt KE, Tabas I. Insulin resistance, hyperglycemia, and atherosclerosis. Cell Metab 
2011 Nov 2;14(5):575-585. 
(38) Plutzky J. The vascular biology of atherosclerosis. Am J Med 2003 Dec 8;115 Suppl 
8A:55S-61S. 
(39) Clifton P. The science behind weight loss diets--a brief review. Aust Fam Physician 2006 
Aug;35(8):580-582. 
(40) Halton TL, Hu FB. The effects of high protein diets on thermogenesis, satiety and weight 
loss: a critical review. J Am Coll Nutr 2004 Oct;23(5):373-385. 
(41) Clifton PM, Keogh JB, Noakes M. Long-term effects of a high-protein weight-loss diet. Am 
J Clin Nutr 2008 Jan;87(1):23-29. 
(42) Abete I, Astrup A, Martinez JA, Thorsdottir I, Zulet MA. Obesity and the metabolic 
syndrome: role of different dietary macronutrient distribution patterns and specific nutritional 
components on weight loss and maintenance. Nutr Rev 2010 Apr;68(4):214-231. 

(43) MacLean PS, Higgins JA, Wyatt HR, Melanson EL, Johnson GC, Jackman MR, et al. 
Regular exercise attenuates the metabolic drive to regain weight after long-term weight loss. Am 
J Physiol Regul Integr Comp Physiol 2009 Sep;297(3):R793-802. 
(44) Catenacci VA, Wyatt HR. The role of physical activity in producing and maintaining weight 
loss. Nat Clin Pract Endocrinol Metab 2007 Jul;3(7):518-529. 
(45) Poirier P, Despres JP. Exercise in weight management of obesity. Cardiol Clin 2001 
Aug;19(3):459-470. 
(46) Valle VS, Mello DB, Fortes MD, Dantas EH, Mattos MA. Effect of diet and indoor cycling 
on body composition and serum lipid. Arq Bras Cardiol 2010 Jul 2. 
(47) Selvin E, Paynter NP, Erlinger TP. The effect of weight loss on C-reactive protein: a 
systematic review. Arch Intern Med 2007 Jan 8;167(1):31-39. 
(48) Kelly RB. Diet and exercise in the management of hyperlipidemia. Am Fam Physician 2010 
May 1;81(9):1097-1102. 



! #$!

(49) Flores MB, Fernandes MF, Ropelle ER, Faria MC, Ueno M, Velloso LA, et al. Exercise 
improves insulin and leptin sensitivity in hypothalamus of Wistar rats. Diabetes 2006 
Sep;55(9):2554-2561. 
(50) Jakicic JM, Marcus BH, Lang W, Janney C. Effect of exercise on 24-month weight loss 
maintenance in overweight women. Arch Intern Med 2008 Jul 28;168(14):1550-9; discussion 
1559-60. 

(51) Dyerberg J, Schmidt EB. n-3 fatty acids and cardiovascular disease--observations generated 
by studies in Greenland Eskimos. Wien Klin Wochenschr 1989 Apr 14;101(8):277-282. 

(52) McEwen B, Morel-Kopp MC, Tofler G, Ward C. Effect of Omega-3 Fish Oil on 
Cardiovascular Risk in Diabetes. Diabetes Educ 2010 Jun 9. 

(53) Riediger ND, Othman RA, Suh M, Moghadasian MH. A systemic review of the roles of n-3 
fatty acids in health and disease. J Am Diet Assoc 2009 Apr;109(4):668-679. 

(54) Williams CM, Burdge G. Long-chain n-3 PUFA: plant v. marine sources. Proc Nutr Soc 
2006 Feb;65(1):42-50. 

(55) Holub BJ. Clinical nutrition: 4. Omega-3 fatty acids in cardiovascular care. CMAJ 2002 
Mar 5;166(5):608-615. 

(56) Kuller LH. Nutrition, lipids, and cardiovascular disease. Nutr Rev 2006 Feb;64(2 Pt 2):S15-
26. 

(57) Schuchardt JP, Huss M, Stauss-Grabo M, Hahn A. Significance of long-chain 
polyunsaturated fatty acids (PUFAs) for the development and behaviour of children. Eur J 
Pediatr 2010 Feb;169(2):149-164. 
(58) Cao J, Schwichtenberg KA, Hanson NQ, Tsai MY. Incorporation and clearance of omega-3 
fatty acids in erythrocyte membranes and plasma phospholipids. Clin Chem 2006 
Dec;52(12):2265-2272. 

(59) Carpentier YA, Portois L, Malaisse WJ. N-3 Fatty Acids and the Metabolic Syndrome. Am 
J Clin Nutr 2006 Jun;83(6 Suppl):1499S-1504S. 

(60) Huppi PS. Nutrition for the brain: commentary on the article by Isaacs et al. on page 308. 
Pediatr Res 2008 Mar;63(3):229-231. 

(61) Yamagishi K, Iso H, Date C, Fukui M, Wakai K, Kikuchi S, et al. Fish, omega-3 
polyunsaturated fatty acids, and mortality from cardiovascular diseases in a nationwide 
community-based cohort of Japanese men and women the JACC (Japan Collaborative Cohort 
Study for Evaluation of Cancer Risk) Study. J Am Coll Cardiol 2008 Sep 16;52(12):988-996. 

(62) Mozaffarian D, Prineas RJ, Stein PK, Siscovick DS. Dietary fish and n-3 fatty acid intake 
and cardiac electrocardiographic parameters in humans. J Am Coll Cardiol 2006 Aug 
1;48(3):478-484. 
(63) Mozaffarian D, Longstreth WT,Jr, Lemaitre RN, Manolio TA, Kuller LH, Burke GL, et al. 
Fish consumption and stroke risk in elderly individuals: the cardiovascular health study. Arch 
Intern Med 2005 Jan 24;165(2):200-206. 

(64) Rudkowska I. Fish oils for cardiovascular disease: Impact on diabetes. Maturitas 2010 May 
19. 



! $&!

(65) Jung UJ, Torrejon C, Tighe AP, Deckelbaum RJ. n-3 Fatty acids and cardiovascular disease: 
mechanisms underlying beneficial effects. Am J Clin Nutr 2008 Jun;87(6):2003S-9S. 

(66) Wall R, Ross RP, Fitzgerald GF, Stanton C. Fatty acids from fish: the anti-inflammatory 
potential of long-chain omega-3 fatty acids. Nutr Rev 2010 May;68(5):280-289. 

(67) Browning LM. n-3 Polyunsaturated fatty acids, inflammation and obesity-related disease. 
Proc Nutr Soc 2003 May;62(2):447-453. 

(68) Tai CC, Ding ST. N-3 polyunsaturated fatty acids regulate lipid metabolism through several 
inflammation mediators: mechanisms and implications for obesity prevention. J Nutr Biochem 
2010 May;21(5):357-363. 
(69) Calder PC. N-3 Polyunsaturated Fatty Acids, Inflammation, and Inflammatory Diseases. 
Am J Clin Nutr 2006 Jun;83(6 Suppl):1505S-1519S. 
(70) Berger J, Moller DE. The mechanisms of action of PPARs. Annu Rev Med 2002;53:409-
435. 
(71) Gonzalez-Periz A, Horrillo R, Ferre N, Gronert K, Dong B, Moran-Salvador E, et al. 
Obesity-induced insulin resistance and hepatic steatosis are alleviated by omega-3 fatty acids: a 
role for resolvins and protectins. FASEB J 2009 Jun;23(6):1946-1957. 

(72) Saito Y, Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Ishikawa Y, et al. Effects 
of EPA on coronary artery disease in hypercholesterolemic patients with multiple risk factors: 
sub-analysis of primary prevention cases from the Japan EPA Lipid Intervention Study (JELIS). 
Atherosclerosis 2008 Sep;200(1):135-140. 

(73) Woodman RJ, Mori TA, Burke V, Puddey IB, Watts GF, Beilin LJ. Effects of purified 
eicosapentaenoic and docosahexaenoic acids on glycemic control, blood pressure, and serum 
lipids in type 2 diabetic patients with treated hypertension. Am J Clin Nutr 2002 
Nov;76(5):1007-1015. 

(74) Hartweg J, Perera R, Montori V, Dinneen S, Neil HA, Farmer A. Omega-3 polyunsaturated 
fatty acids (PUFA) for type 2 diabetes mellitus. Cochrane Database Syst Rev 2008 Jan 
23;(1)(1):CD003205. 
(75) Poudyal H, Panchal SK, Diwan V, Brown L. Omega-3 fatty acids and metabolic syndrome: 
effects and emerging mechanisms of action. Prog Lipid Res 2011 Oct;50(4):372-387. 
(76) Harris WS, Bulchandani D. Why do omega-3 fatty acids lower serum triglycerides? Curr 
Opin Lipidol 2006 Aug;17(4):387-393. 
(77) Cicero AF, Derosa G, Di Gregori V, Bove M, Gaddi AV, Borghi C. Omega 3 
polyunsaturated fatty acids supplementation and blood pressure levels in hypertriglyceridemic 
patients with untreated normal-high blood pressure and with or without metabolic syndrome: a 
retrospective study. Clin Exp Hypertens 2010 Jan;32(2):137-144. 
(78) Pedersen MH, Molgaard C, Hellgren LI, Lauritzen L. Effects of Fish Oil Supplementation 
on Markers of the Metabolic Syndrome. J Pediatr 2010 May 15. 
(79) Abete I, Parra D, Crujeiras AB, Goyenechea E, Martinez JA. Specific insulin sensitivity and 
leptin responses to a nutritional treatment of obesity via a combination of energy restriction and 
fatty fish intake. J Hum Nutr Diet 2008 Dec;21(6):591-600. 



! $'!

(80) Abete I, Goyenechea E, Zulet MA, Martinez JA. Obesity and metabolic syndrome: potential 
benefit from specific nutritional components. Nutr Metab Cardiovasc Dis 2011 Sep;21 Suppl 
2:B1-15. 
(81) Parra D, Ramel A, Bandarra N, Kiely M, Martinez JA, Thorsdottir I. A diet rich in long 
chain omega-3 fatty acids modulates satiety in overweight and obese volunteers during weight 
loss. Appetite 2008 Nov;51(3):676-680. 

(82) Holick MF. The vitamin D epidemic and its health consequences. J Nutr 2005 
Nov;135(11):2739S-48S. 

(83) Holick MF. Sunlight and vitamin D for bone health and prevention of autoimmune diseases, 
cancers, and cardiovascular disease. Am J Clin Nutr 2004 Dec;80(6 Suppl):1678S-88S. 

(84) Lee P. Vitamin D metabolism and deficiency in critical illness. Best Pract Res Clin 
Endocrinol Metab 2011 Oct;25(5):769-781. 

(85) Bikle DD. Vitamin D regulation of immune function. Vitam Horm 2011;86:1-21. 
(86) Di Rosa M, Malaguarnera M, Nicoletti F, Malaguarnera L. Vitamin D3: a helpful immuno-
modulator. Immunology 2011 Oct;134(2):123-139. 
(87) Stechschulte SA, Kirsner RS, Federman DG. Vitamin D: bone and beyond, rationale and 
recommendations for supplementation. Am J Med 2009 Sep;122(9):793-802. 
(88) van Schoor NM, Lips P. Worldwide vitamin D status. Best Pract Res Clin Endocrinol Metab 
2011 Aug;25(4):671-680. 
(89) Henry HL. Regulation of vitamin D metabolism. Best Pract Res Clin Endocrinol Metab 
2011 Aug;25(4):531-541. 
(90) Haussler MR, Jurutka PW, Mizwicki M, Norman AW. Vitamin D receptor (VDR)-mediated 
actions of 1alpha,25(OH)vitamin D: genomic and non-genomic mechanisms. Best Pract Res Clin 
Endocrinol Metab 2011 Aug;25(4):543-559. 

(91) Ginde AA, Liu MC, Camargo CA,Jr. Demographic differences and trends of vitamin D 
insufficiency in the US population, 1988-2004. Arch Intern Med 2009 Mar 23;169(6):626-632. 

(92) Rucker D, Allan JA, Fick GH, Hanley DA. Vitamin D insufficiency in a population of 
healthy western Canadians. CMAJ 2002 Jun 11;166(12):1517-1524. 

(93) Looker AC. Do body fat and exercise modulate vitamin D status? Nutr Rev 2007 Aug;65(8 
Pt 2):S124-6. 

(94) Vieth R. Why the minimum desirable serum 25-hydroxyvitamin D level should be 75 
nmol/L (30 ng/ml). Best Pract Res Clin Endocrinol Metab 2011 Aug;25(4):681-691. 

(95) Institute of Medicine. Dietary Reference Intakes for Calcium and Vitamin D. Washington, 
DC: National Academies Press; 2011. 

(96) Heaney RP. Assessing vitamin D status. Curr Opin Clin Nutr Metab Care 2011 
Sep;14(5):440-444. 

 
 



! $(!

(97) Priemel M, von Domarus C, Klatte TO, Kessler S, Schlie J, Meier S, et al. Bone 
mineralization defects and vitamin D deficiency: histomorphometric analysis of iliac crest bone 
biopsies and circulating 25-hydroxyvitamin D in 675 patients. J Bone Miner Res 2010 
Feb;25(2):305-312. 

(98) Heaney RP, Holick MF. Why the IOM recommendations for vitamin D are deficient. J Bone 
Miner Res 2011 Mar;26(3):455-457. 

(99) Webb AR, Kline L, Holick MF. Influence of season and latitude on the cutaneous synthesis 
of vitamin D3: exposure to winter sunlight in Boston and Edmonton will not promote vitamin D3 
synthesis in human skin. J Clin Endocrinol Metab 1988 Aug;67(2):373-378. 
(100) Earthman CP, Beckman LM, Masodkar K, Sibley SD. The link between obesity and low 
circulating 25-hydroxyvitamin D concentrations: considerations and implications. Int J Obes 
(Lond) 2012 Mar;36(3):387-396. 

(101) Gallacher SJ, McQuillian C, Harkness M, Finlay F, Gallagher AP, Dixon T. Prevalence of 
vitamin D inadequacy in Scottish adults with non-vertebral fragility fractures. Curr Med Res 
Opin 2005 Sep;21(9):1355-1361. 
(102) Harms LR, Burne TH, Eyles DW, McGrath JJ. Vitamin D and the brain. Best Pract Res 
Clin Endocrinol Metab 2011 Aug;25(4):657-669. 
(103) Eyles D, Burne T, McGrath J. Vitamin D in fetal brain development. Semin Cell Dev Biol 
2011 Aug;22(6):629-636. 
(104) Kesby JP, Eyles DW, Burne TH, McGrath JJ. The effects of vitamin D on brain 
development and adult brain function. Mol Cell Endocrinol 2011 Dec 5;347(1-2):121-127. 
(105) Pfeifer M, Begerow B, Minne HW, Nachtigall D, Hansen C. Effects of a short-term 
vitamin D(3) and calcium supplementation on blood pressure and parathyroid hormone levels in 
elderly women. J Clin Endocrinol Metab 2001 Apr;86(4):1633-1637. 

(106) Wang L, Manson JE, Buring JE, Lee IM, Sesso HD. Dietary intake of dairy products, 
calcium, and vitamin D and the risk of hypertension in middle-aged and older women. 
Hypertension 2008 Apr;51(4):1073-1079. 
(107) Muscogiuri G, Sorice GP, Ajjan R, Mezza T, Pilz S, Prioletta A, et al. Can vitamin D 
deficiency cause diabetes and cardiovascular diseases? Present evidence and future perspectives. 
Nutr Metab Cardiovasc Dis 2012 Feb;22(2):81-87. 

(108) Ford ES, Ajani UA, McGuire LC, Liu S. Concentrations of serum vitamin D and the 
metabolic syndrome among U.S. adults. Diabetes Care 2005 May;28(5):1228-1230. 

(109) Ortega RM, Aparicio A, Rodriguez-Rodriguez E, Bermejo LM, Perea JM, Lopez-Sobaler 
AM, et al. Preliminary data about the influence of vitamin D status on the loss of body fat in 
young overweight/obese women following two types of hypocaloric diet. Br J Nutr 2008 
Aug;100(2):269-272. 

(110) Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vitamin D and calcium in type 2 
diabetes. A systematic review and meta-analysis. J Clin Endocrinol Metab 2007 Jun;92(6):2017-
2029. 



! $)!

(111) Chiu KC, Chu A, Go VL, Saad MF. Hypovitaminosis D is associated with insulin 
resistance and beta cell dysfunction. Am J Clin Nutr 2004 May;79(5):820-825. 

(112) Manson JE. Vitamin D and the heart: why we need large-scale clinical trials. Cleve Clin J 
Med 2010 Dec;77(12):903-910. 

(113) McGreevy C, Williams D. New insights about vitamin D and cardiovascular disease: a 
narrative review. Ann Intern Med 2011 Dec 20;155(12):820-826. 

(114) Forman JP, Giovannucci E, Holmes MD, Bischoff-Ferrari HA, Tworoger SS, Willett WC, 
et al. Plasma 25-hydroxyvitamin D levels and risk of incident hypertension. Hypertension 2007 
May;49(5):1063-1069. 
(115) Campbell DD, Meckling KA. Effect of the protein:carbohydrate ratio in hypoenergetic 
diets on metabolic syndrome risk factors in exercising overweight and obese women. Br J Nutr 
2012 Jan 16:1-14. 

(116) Robins SJ, Collins D, Wittes JT, Papademetriou V, Deedwania PC, Schaefer EJ, et al. 
Relation of gemfibrozil treatment and lipid levels with major coronary events: VA-HIT: a 
randomized controlled trial. JAMA 2001 Mar 28;285(12):1585-1591. 
(117) Meckling KA, Sherfey R. A randomized trial of a hypocaloric high-protein diet, with and 
without exercise, on weight loss, fitness, and markers of the Metabolic Syndrome in overweight 
and obese women. Appl Physiol Nutr Metab 2007 Aug;32(4):743-752. 

(118) Villareal DT, Fontana L, Weiss EP, Racette SB, Steger-May K, Schechtman KB, et al. 
Bone mineral density response to caloric restriction-induced weight loss or exercise-induced 
weight loss: a randomized controlled trial. Arch Intern Med 2006 Dec 11-25;166(22):2502-2510. 
(119) Larsen TM, Dalskov SM, van Baak M, Jebb SA, Papadaki A, Pfeiffer AF, et al. Diets with 
high or low protein content and glycemic index for weight-loss maintenance. N Engl J Med 2010 
Nov 25;363(22):2102-2113. 

(120) Forman JP, Bischoff-Ferrari HA, Willett WC, Stampfer MJ, Curhan GC. Vitamin D intake 
and risk of incident hypertension: results from three large prospective cohort studies. 
Hypertension 2005 Oct;46(4):676-682. 
(121) Pittas AG, Harris SS, Stark PC, Dawson-Hughes B. The effects of calcium and vitamin D 
supplementation on blood glucose and markers of inflammation in nondiabetic adults. Diabetes 
Care 2007 Apr;30(4):980-986. 

(122) Manson JE, Bassuk SS, Lee IM, Cook NR, Albert MA, Gordon D, et al. 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. Contemp Clin Trials 2012 Jan;33(1):159-171. 

 



! $*!

IX. APPENDIX A 

a. Recruitment Poster 
!""#"$%&'('"')*'%+#,"*'%)#-%(#,)./ 
The University of Guelph is recruiting men and women (18-60) who are overweight and have or are at risk 

for Metabolic Syndrome. Metabolic Syndrome is a collection of risk factors (high blood pressure, diabetes, 

obesity, high cholesterol, etc.) for cardiovascular and metabolic diseases.   

This study will compare the effects of a 16-week diet and exercise protocol, with or without omega-3 fatty 

acid and vitamin D supplementation, for weight loss and reducing risk factors of cardiovascular disease 

and type 2 diabetes. 

 

! This protocol has been approved by the research ethics board at the university of Guelph  
(REB# 11JA022) 

Participants will receive:  
• Free nutritional counseling 
• Free supplements 
• Free gym membership 
• Free personal training 

 
Participation will be required to: 

• Complete food diaries 
• Take omega-3 fatty acid and vitamin D supplements 
• Attend 3 exercise sessions/wk. 
• Attend 1 nutritional counseling session/wk. 
• Give blood samples 
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b. Recruitment Abstract 
Thank you for your interest in this study.  Metabolic Syndrome is a collection of risk 
factors that increase the risk of an individual developing cardiovascular disease or 
diabetes.  Research into Metabolic Syndrome and obesity are vital to the health of our 
nation.  Volunteers for research are what make this possible.  
The study to which you are enquiring is entitled Vitamin D and Omega-3 Fatty Acids as 
Weight Loss Adjuvants.  Those who wish to participate must be between 18-60 years of 
age and meet the criteria for having Metabolic Syndrome.  The initial criterion is to have 
a BMI>30 kg/m2 or a large waist circumference.  After that, participants must have 2 of 
the following conditions: high blood pressure, high blood triglycerides, high fasting 
blood glucose, or low HDL-cholesterol. 
In brief, our research involves administering to study participants a customised diet.  
This diet is easy to follow and has been shown to be an effective way to lose weight.  
Participants will also come to the athletic centre at the University of Guelph and 
exercise for 1 hour, 3 times a week under the direction of a personal trainer.  The trial 
will run for a period of 16 weeks. 
Half of the study participants will also receive omega-3 fatty acids capsules and vitamin 
D tablets to take every day during the study.  We will be investigating the effects of 
these two supplements on weight loss and health. 
Physical measurements will be taken every week and a blood sample will be required at 
entry, week 8 and week 16 of the study. 
In summary: 
Participants will receive: 
• Free nutritional counseling 
• Free gym membership 
• Free personal training 
• Free supplements* 
Participants will be required to: 
• Complete food diaries    
• Follow a prescribed diet 
• Attend 3 exercise sessions/wk.   
• Attend 1 nutritional counseling session/wk.  
• Give blood samples 
• Take supplements* 
Once again, thank you for your interest in this study.  I have attached an eligibility 
questionnaire for you to fill out and email back to me.  If you meet the eligibility criteria 
we will ask you to come to the University of Guelph for a screening process that will 
determine whether you will be admitted to the study. 
If you have any questions please do not hesitate to contact me. 
Thank you, 
Robert Thomas 
*Based on random assignment to a treatment group. 
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c. Eligibility Questionnaire 
Metabolic Syndrome Study: Eligibility Questionnaire 
 
Name: ____________________________  Date:_________ Age:____ 
 
1. How did you hear about this study?________________________________________ 
 
2. What is your  
  a. Height? ________ cm (in x 2.54 = cm) 
  b. Weight? ________ kg (lbs ÷ 2.2 = kg) 
  c. Waistline? ________ cm 
 
3. Have you ever or do you currently smoke?__________________________________ 
 a. If youʼve stopped, when?__________________________________________ 
 
4. Are you pregnant or breastfeeding?_______________________________________ 
 a. If you have recently, when did you stop breastfeeding?___________________ 
 
5. Are you currently participating in another research study/weight loss program?  If so, 
what study/program? 
______________________________________________________________________ 
 
6. Are you currently taking vitamin D supplements?(dosage/freq)__________________ 
 
7. Are you currently taking omega-3 fatty acid supplements?(dosage/freq)___________ 
 
8. Do you currently take anticoagulants, aspirin, calcium channel blockers, or 
magnesium containing antacids? ___________________________________________ 
 
9. a. Do you have diabetes?____________________________________________ 
 
 b. Do you have cardiovascular disease?________________________________ 
 
 c. Do you have high blood pressure?___________________________________ 
 
 d. Do you have high LDL-cholesterol?_______   Low HDL-cholesterol?________ 
  
 e. Do you have high serum triglycerides?________________________________ 
 
10. Are you physically capable of exercising?__________________________________ 
 
11. Has your physician given you guidelines or advice for how to exercise, or what kinds 
of exercise you can do? 
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______________________________________________________________________ 
______________________________________________________________________ 
 
12. Do you currently exercise?_____________________________________________ 
 
13. Are you currently under the constant care of a physician.  If so, for what? 
______________________________________________________________________ 
 
14. Before determining eligibility, we will need to do a preliminary fasting blood test and 
some measurements of your height, weight, waist, hips and blood pressure.  Will you be 
able to come to the Human Nutraceutical Research Unit at the University of Guelph for 
this preliminary testing? 
______________________________________________________________________ 
______________________________________________________________________ 
 
15. If eligible for this study, you will be required to give blood samples, complete food 
diaries, take supplements and attend three one-hour workout sessions per week.  The 
workout sessions are on Mondays, Wednesdays and Fridays and you can choose a 
time from 7:00-10:00am or 4:00-7:30pm.  Are you able to complete these requests? 
______________________________________________________________________ 
 
16. Are you available for a period of 16 weeks (duration of study) plus an estimated 1-2 
weeks (to complete initial screening, measurements and orientations for this study)? 
______________________________________________________________________ 
 
Any Comments / Concerns? 
______________________________________________________________________ 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
 
Contact information 
 
Address:_______________________________________________________________ 
 
City:__________________________  Postal Code:____________ 
 
Home #:________________________  Work #:________________________ 
 
Cell #:______________________  E-mail address:_____________________________ 
 
How would you prefer to be contacted?______________________________________ 
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d. Consent Form 
CONSENT TO PARTICIPATE IN RESEARCH 

 
Low-Glycemic Index Diet With or Without Vitamin D and Omega-3 Fatty Acid 

Supplementation On Markers For Metabolic Syndrome 
 

You are asked to participate in a research study conducted by Dr. Kelly Meckling, 
Robert Thomas, Katy Field and Season Wong, from the Human Health and 
Nutritional Sciences department at the University of Guelph and Dr. Anna 
Issakoff-Meller, who is a family physician in Guelph.  
 
If you have any questions or concerns about the research, please feel free to 
contact Dr. Kelly Meckling at 519-824-4120 x53742 or kmecklin@uoguelph.ca or 
Robert Thomas at rthomas@uoguelph.ca or 519-824-4120 x53728. 
 

 
PURPOSE OF THE STUDY 
 
 Metabolic Syndrome(MetS) is a collection of risk factors for metabolic and 
cardiovascular disease.  These include large waist circumference, high blood pressure, 
low HDL cholesterol, high fasting blood sugar, and high blood lipids.  When a person 
has a large waist circumference along with 2 other risk factors they are said to have 
MetS.  Having MetS puts one at a higher risk for disease than the risk factors on their 
own.  This study is designed to assess the effect of a hypocaloric, low glycemic index 
diet, with or without omega-3 fatty acids and vitamin D supplementation on an individual 
with risk factors for MetS.  We will be obtaining data from you to see what effect the diet 
and exercise program has on your individual risk and also whether these supplements 
have additional benefits at improving risk factors for MetS and weight loss. 
 
PROCEDURES 
 
If you volunteer to participate in this study, we would ask you to be aware of the 
following things: 
 

As a participant in this study you will be participating in a 16-week study run by 
the department of Human Health and Nutritional Sciences at the University of Guelph.  
You will also have the opportunity, at the end of the 16-week intervention to continue to 
participate in an 8-month follow-up.  You can make the decision to participate beyond 
the 16-week period at the end of the intervention period.  Your decision, either now or at 
any future point in the trial will not affect your eligibility for the 16-week intervention trial 
nor the care you will be given by investigators or physicians involved in the study.  While 
you will not be financially compensated for your participation, it is estimated that the 
value of the services provided during the trial (including nutrition counselling, diet 
analysis, supplements and exercise training/memberships) is in excess of $1500 per 
participant. 
 
Screening 
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 All participants will be screened for the symptoms of MetS.  These five symptoms 
include: elevated blood pressure, elevated fasting blood glucose levels, elevated waist 
circumference, elevated triglycerides and low high-density lipoprotein (HDL).  A blood 
pressure cuff, scale, measuring tape and blood collection using a needle will be used to 
obtain these figures. 
 

Any costs required for physician clearance will be borne by the researcher.  In 
addition, any cost associated with treatment of a trial related injury will also be borne by 
the Primary Investigator.  As this trial has been registered as a Clinical Trial 
(NCT01326442) it will proceed in accordance with regulations and oversight of Health 
Canada and both the Therapeutics Research and Natural Health Products Directorates 
of this agency.  The monitoring and oversight of these agencies may require that 
participants original medical records, data acquired during the intervention, and adverse 
events be reported or revealed to the regulatory authority.  In such cases, the 
investigators will ensure that personal information that could identify the participant will 
not be available as each participant will be identified in these records only by a personal 
identification number.  All other information will be kept strictly confidential, participant to 
the extent permitted by law, and will not be publicly released for any reason.  If you 
suffer a trial related injury or adverse event please report this immediately to Mr. Robert 
Thomas who will then notify the Principal Investigator, Research Ethics Board and 
Health Canada as appropriate. 
 
Groups 
 Those who demonstrate central adiposity (elevated waist circumference) and at 
least 2 other symptoms (listed above) will be divided into 2 groups through 
randomisation.  The probability of being a assigned to any group is the same.  Group 1 
will follow a standard diet and exercise protocol. Group 2 will take 1.8g/d DHA + EPA 
omega-3 fatty acid fish oil capsules (3 capsules per day), 2000 IU/d vitamin D 
supplements (two tablets per day) in addition to diet and exercise.  Both protocols are 
expected to result in significant improvements in weight and other risk factors 
associated with MetS, diabetes and cardiovascular disease.  The experimental portion 
of the study is the investigation of whether supplementation of omega-3 fatty acids and 
vitamin D, will enhance the benefits of the diet.  We are expecting to recruit 48 people 
for this study with at least 30 completing the entire 16 week study protocol. 
 
Diet 
 All study participants will be on the same diet.  This diet is a low-fat, moderate-
protein, moderate-carbohydrate, low glycemic index diet.  The macronutrient 
composition will be 23% protein, 30% fat, and 47% carbohydrate from energy.  There 
will also be a 25% caloric restriction based on how many calories you typically 
consume.  Previous research has indicated that following this diet allows participants to 
consume fewer calories while at the same time feeling satisfied and able to exercise. 
 
 Prior to beginning the study, potential participants will be asked to complete a 
health questionnaire and a seven day habitual diet record.  Nutritional counselling and 
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exercise information will be provided to all participants prior to beginning the first 
exercise period.  
 
Exercise 
 As a participant in the study, you will be required to attend 3 exercise sessions 
per week as well as one nutritional counselling session per week.  The workout 
sessions will take place in the Athletics Centre at the University of Guelph.  They will 
consist of circuit training sessions that involve both aerobic as well as anaerobic 
stations followed by additional strengthening exercises and stretching.  Each session 
should take about an hour of your time.  You will have your fitness assessed for muscle 
strength through lifting of weights and cardiovascular fitness through submaximal 
bicycle and/or step tests.  Prior to the actual study, you will be assisted in getting 
comfortable with the machines in the circuit, how to use them and the weight load that 
will be the most beneficial for you.  Exercises will be adapted to your specific needs.  
Physical activity will be recorded in your activity log by yourself. 
 
Nutritional Counselling and Food Diary 
 The initial counselling session will introduce the concept of a food diary to you.  
You will learn what it is, how to keep one, and its benefits.  Though we will not provide 
the food, we will provide you with the necessary information to maintain your assigned 
diet.  Each participant will be given a journal to record daily food intakes as well as 
medication use or illnesses over the course of the study. Any medications you are on 
either before or during the trial should be continued as prescribed by your physician.  
These medications and their dosages and schedules should be disclosed to the 
researchers in the health questionnaire or in your daily journal entries.  Also, if there is 
any change to your medication list or dosages over the course of the trial, these too 
should be disclosed to the researchers.  Completing these records should take 
approximately half an hour a day. You will also be expected to attend a weekly 
nutritional counselling meeting once a week(see below) to receive tips and information 
on how to stay on your diet and meal ideas. These meetings will be under one hour. 
 
Measurements 
 On a weekly basis, you will come into the Human Nutraceuticals Research Unit 
(HNRU) at the University of Guelph to return your food records, meet with a study 
coordinator for your weekly nutritional counselling and have your weight, blood pressure 
and waist and hip circumference measured using a balance scale, digital self inflating 
cuff and tape measure, respectively.  These meetings will take under an hour. 
 
 A blood sample will also be taken at the beginning of the study, at week 8 and at 
the end of week 16 in order to measure serum triglycerides, HDL-cholesterol, total 
cholesterol, plasma fatty acids, insulin, blood glucose, TNF!, IL-6, C-reactive protein 
(markers of inflammation), ghrelin, leptin (hormones for hunger and fat storage), HbA1c 
(long-term blood glucose) and 25(OH)D2/D3 (vitamin D).  This blood sample will be a 
fasting blood sample and it will require that you come to the HNRU having fasted for 12 
hours overnight.  A snack of fruit juice, granola bar and piece of fruit will be available 
immediately after each blood draw. 
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 Your body composition will also be measured at the beginning of the 

study, week 8 and week 16 using Bioelectrical Impedance Analysis(BIA). This involves 
sending a weak electrical current through your body via electrodes.  As the electricity 
meets resistance from fat mass and lean mass, it can determine your body composition.  
The test is quick and painless. If you have an artificial pacemaker or an implantable 
cardioverter-defibrillator (ICD) please tell a study coordinator and DO NOT have the BIA 
measurement. 
 Your fitness level will also be assessed by measuring your heart rate both at rest 
and at a fixed load at the beginning of the study and at the end of the 16 weeks of the 
study, at the end of the selected exercise session, using a heart rate monitor. 
 
Additional Information 
 The time required to complete this study is estimated to be 130 hours over the 
course of 16 weeks.  At the end of the study you will be provided with your individual 
results, the pooled results of the study group, and if you desire (at a later date) a copy of 
any publications resulting from this experiment. Please note that while some of the 
measures are being carried out by a diagnostic laboratory, many of the measures are 
being completed in the research laboratories of the University of Guelph.  None of the 
primary researchers involved have the qualifications to make diagnoses from clinical 
records.  If, however, the researchers believe that clinical follow-up should be sought, 
this will be indicated to you in writing when the results are provided to you at the end of 
the study.  You may, at any time, contact the project leader, Dr. Kelly Meckling, or the 
Master’s students completing the research, Robert Thomas, Katy Field, and Season 
Wong with questions that relate to your participation in this study. 
  
 We would also ask that after you complete the 16-week study that you participate 
in our follow-up study tracking your progress.  What is required is that you come in to 
the HNRU at 2 months, 4 months, 6 months, and 8 months after you finish the weight 
loss study and we will measure your weight, blood pressure and waist and hip 
circumference.  We would also like to know how you are doing with diet and exercise 
and if you are taking any supplements.  You will not be required to adhere to any 
regimen during this period; our role will be observational.  At the end of the 8 months 
you will be asked to record a 7-day food diary and give a blood sample.  By signing this 
consent you are not agreeing to participate beyond the original 16-week period.  You 
can make this decision at the end of the intervention period. 
   
POTENTIAL RISKS AND DISCOMFORTS 
 
 A potential physical risk includes the possibility of bruising at the site where blood 
will be drawn.  All participants are expected to lose weight over the 16 weeks but the 
amount of weight lost depends extensively on the participants’ adherence to the diet 
and exercise protocol and possibly on which supplement they consume.  Weight loss 
will be monitored weekly and if the project leader determines that weight is being lost 
too quickly, the participants will be counseled on how to increase their energy intake or 
how to maintain their current weight.  Some participants might also find it inconvenient 
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at first to maintain their diet in a social setting if food is involved; these issues will be 
discussed at the weekly nutritional counseling meetings. 
 
 Physical activity can carry certain risks such as injury, joint pain, faintness, chest 
pain, shortness of breath, etc...  More commonly, you may experience sore muscles the 
day after exercise (delayed-onset muscle soreness), this can be prevented or alleviated 
with proper stretching techniques which will be explained by the fitness instructors.  We 
are serious about your health and you will be supervised by a certified personal trainer 
at all exercise sessions.  The adjustment to exercise will be gradual and you will not 
have to do anything that is painful or harmful to your body. 
 
 With regards to consumption of supplements, the potential side-effects of 
consumption of omega-3 fatty acid fish oil capsules are belching, flatulence, nausea, 
bloating, and diarrhea.  Increased vitamin D consumption may increase blood calcium 
levels though it is expected that this will not be problematic.  Increased blood calcium 
may cause heartbeat irregularities and deposition of calcium in the kidneys and soft 
tissues.  Increased intake of vitamin D may lead to diarrhea, constipation, headache, 
poor appetite, weight loss, nausea, vomiting, and extreme fatigue. 
 
 Once the study is completed there is the possibility for you to regain the weight 
you lost, especially if you do not keep your physical activity level high and consume too 
many calories.  We will do our best to help you prevent this from happening.  Some 
ways will involve providing you with ideas for meals and exercise after the study is 
finished. 
 
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
 
 We expect to see weight loss in each of the participants. In addition to general 
weight loss, participants are expected to have reduced the severity and/or number of 
risk factors associated with MetS such as waist circumference, triglyceride levels, HDL-
cholesterol, blood pressure and fasting glucose.  
 
 The results from this study are important from a health perspective because they 
will inform participants and the general public of possible nutritional supplements that 
can be combined into a diet and exercise protocol that could help improve their health. 
This study will also be able to help provide health professionals with better 
recommendations for men and women who suffer from or are at risk of acquiring MetS. 
 
 
PAYMENT FOR PARTICIPATION 
 
 As a participant in this study you will receive non-financial compensation in the 
form of a free gym membership to the University of Guelph Athletic Centre, free 
personal training, free weekly nutritional counseling, and free supplements for the 
duration of the study.  This will amount to over $1 500 in indirect compensation. 
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CONFIDENTIALITY 
 
Every effort will be made to ensure confidentiality of any identifying information that is obtained in 
connection with this study. 
 
 To ensure your confidentiality as a participant, we will only use your first name 
when other participants are around. Any measurements that are taken will be recorded 
in individual participant binders that will be kept in a safe location. You will also receive 
a participant number and any data that is processed and included in the study will be 
under your participant number and therefore your personal data will remain anonymous 
in any publications.   
 
 Due to the size of the study and the requirement for each participant to complete 
3 exercise sessions a week, you will meet some of the other participants at the exercise 
sessions. As a result, some participants will come to recognize other participants in the 
study and participation will not be confidential. We recommend that participants wanting 
to remain anonymous do not provide their last name or any personal information to the 
other participants whom they may meet at these exercise sessions. 
 
 Data will be kept for 25 years in a secure filling cabinet in the Animal Sciences 
and Nutrition building at the University of Guelph after which, they will be destroyed. 
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PARTICIPATION AND WITHDRAWAL 
 
 You can choose whether to be in this study or not.  If you volunteer to be in 
this study, you may withdraw at any time without any consequences except for 
having your gym membership, supplements and counselling discontinued.  You 
may also refuse to answer any questions you don’t want to answer and still 
remain in the study.  The investigator may withdraw you from this research if 
circumstances arise that warrant doing so.  These circumstances could include 
failure to comply with dietary restrictions or repeated missing of exercise and 
other appointments.  If during the study period you require medical treatment or 
are required to start new medications, this does not necessarily disqualify you 
from participating. 
 
RIGHTS OF RESEARCH PARTICIPANTS 
 
 You may withdraw your consent at any time and discontinue participation 
without penalty.  You are not waiving any legal claims, rights or remedies 
because of your participation in this research study.  This study has been 
reviewed and received ethics clearance through the University of Guelph 
Research Ethics Board.   It has also been registered as a Clinical Trial under the 
identification number 2011MeckVitD.  If you have questions regarding your rights 
as a research participant, contact: 
 
 Research Ethics Coordinator              Telephone: (519) 824-4120, ext. 

56606 
 Room 437 University Centre   E-mail: sauld@uoguelph.ca 
 University of Guelph   Fax: (519) 821-5236 
 50 Stone Road E.    
 Guelph, ON   N1G 2W1 
 
 SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 
 
 I have read the information provided for the study “Low-Glycemic Index Diet With or 

Without Vitamin D and Omega-3 Fatty Acid Supplementation On Markers For Metabolic 
Syndrome” as described herein.  My questions have been answered to my satisfaction, 
and I agree to participate in this study.  I have been given a copy of this form. 
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e. Participant Health and Fitness Questionnaire 
Metabolic Syndrome Study: Participant Health and Fitness 
Questionnaire 
Please complete this health questionnaire so we can learn more about you for the 
purposes of this research study conducted at the University of Guelph through the 
department of Human Health and Nutritional Sciences.  Feel free to skip any questions 
you do not wish to answer or ask for clarification of any question.  All information shall 
be kept confidential. 
 
Name:________________________ Date:___________  Age:____ 
Birth Date:_______________ 
 
Family Doctor / Medical Support:____________________________________________ 
 a. Contact Number:____________________ 
 b. Permission to Contact?  !Yes  !No 
 
1. Do you have, or have you ever had any of the following: 
 
 Diabetes    !Yes  !No 
 
 High Blood Pressure  !Yes  !No 
 
 Cardiovascular Disease  !Yes  !No 
 
 High LDL-Cholesterol  !Yes  !No 
 
 Low HDL-Cholesterol  !Yes  !No 
  
 High Serum Triglycerides  !Yes  !No 
  
 
2. Do any members of your family have, or have they ever had, any of the following: 
 
 Diabetes    !Yes  !No 
 
 High Blood Pressure  !Yes  !No 
 
 Cardiovascular Disease  !Yes  !No 
 
 High LDL-Cholesterol  !Yes  !No 
 
 Low HDL-Cholesterol  !Yes  !No 
  
 High Serum Triglycerides  !Yes  !No 
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3. Do you currently take any medications on a regular basis?     !Yes  !No 
 
If Yes, please list all medication(s):__________________________________________ 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
 
4. Do you currently take any vitamin or herbal supplements on a regular basis?     
!Yes  !No 
 
If Yes, please list all supplement(s): 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
 
5. Do you have any food allergies? !Yes  !No 
 
If Yes, please list:________________________________________________________ 
______________________________________________________________________
______________________________________________________________________ 
 
• Are you currently under the constant care of a physician? !Yes  !No 
 
If Yes, please explain:____________________________________________________ 
______________________________________________________________________
______________________________________________________________________ 
 
7. Have medical lab or hospital personnel ever had trouble acquiring a blood 
sample from your arm using standard blood collection needles and tubes? 
!Yes  !No 
 
If Yes, please explain:____________________________________________________ 
______________________________________________________________________
______________________________________________________________________ 
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8. Are you currently involved in a regular exercise program? !Yes  !No 
 
If Yes, please explain:____________________________________________________ 
______________________________________________________________________
______________________________________________________________________ 
 
9. Do you have any medical condition / physical reason which would prevent you 
from doing any form of exercise for a 30-60-minute duration? !Yes  !No 
 
If Yes, please explain:____________________________________________________ 
______________________________________________________________________
______________________________________________________________________ 
 
10.  Do you often feel faint or have spells of severe dizziness? !Yes  !No 
 
If Yes, please explain:____________________________________________________ 
______________________________________________________________________ 
 
11.  Do you suffer from any bone / joint problems? !Yes  !No 
 
If Yes, please explain:____________________________________________________ 
______________________________________________________________________ 
 
12.  Do you or have you ever had physical injuries / surgeries to your: 
 
  a. Neck  !Yes  !No 
  
  b. Shoulders  !Yes  !No 
 
  c. Wrists  !Yes  !No 
 
  d. Hips  !Yes  !No 
 
  e. Knees !Yes  !No 
 
  f. Ankles  !Yes  !No 
 
  g. Other  !Yes  !No 
 
If Yes, please explain:____________________________________________________ 
______________________________________________________________________
______________________________________________________________________ 
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13. Do you currently have pain in your: 
 
  a. Neck  !Yes  !No 
  
  b. Shoulders  !Yes  !No 
 
  c. Wrists  !Yes  !No 
 
  d. Hips  !Yes  !No 
 
  e. Knees !Yes  !No 
 
  f. Ankles  !Yes  !No 
 
  g. Other  !Yes  !No 
 
If Yes, please explain:____________________________________________________ 
______________________________________________________________________
______________________________________________________________________ 
 
14.  Please list any other physical reasons / injuries / health conditions that you may 
have that would interfere with an exercise / weight loss program:___________________ 
______________________________________________________________________
______________________________________________________________________ 
______________________________________________________________________ 
 
15. Please describe your activity level:_____________________________________ 
______________________________________________________________________
______________________________________________________________________ 
 
16. What are your expectations for participating in this study?___________________ 
______________________________________________________________________
______________________________________________________________________ 
______________________________________________________________________ 
 
17. Are you available for a period of 16 weeks (duration of study) plus an estimated 
1-2 weeks (to complete initial screening, measurements and orientations for this study)? 
!Yes  !No 
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18. As a requirement of participating in this study, each participant must complete 
three supervised workout sessions per week for 16 weeks in the Athletic Centre at the 
University of Guelph.  Please indicate the times on Mondays, Wednesdays and Fridays 
from 7:00-10:00am or 4:00-7:30pm that you could consistently complete the exercise 
portion of this study.  Allow an hour in your schedule for this exercise component:_____ 
______________________________________________________________________
______________________________________________________________________ 
 
19. Please describe your eating habits and other pertinent nutrition information (i.e. 
vegetarian, vegan, etc.): 
______________________________________________________________________ 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
 
20. Please use this space to indicate any other information that you feel we should 
know about you with respect to this study:____________________________________ 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________!
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f. Participant Screening Form 
Metabolic Syndrome Study: Participant Screening Form 
 
Participant Name:________________________  Participant Number:1 1 _ _ 
 
Date:___________ Time:__________ Consent Form Signed? !Yes  !No 
 
Medical Clearance From Health Professional?    !Yes  !No 
 
Participant Measurements: 
 
Height:____cm  Weight:____kg BMI:____kg/m2  
 
Waist Circumference:____cm 
 
≥80cm for women ≥94cm or 90cm for men or BMI ≥ 30?  !Yes  !No 
 
Blood Pressure: Take twice and determine average 
 
Left Arm:_______ :    _______ Avg:_______   ≥130/≥85 mmHg? !Yes  !No 
 
Resting Heart Rate: Take twice and determine average 
 
Left Arm:_______ :    _______ Avg:_______ 
 
Blood Results: 
 

Measurement Study 
Requirement 

Participant 
Measurement 

Eligible? 

Fasting Glucose ≥5.6 mmol/L  !Yes  !No 

Serum Triglycerides ≥1.7 mmol/L  !Yes  !No 

HDL-Cholesterol ≤1.03 mmol/L (M) 
≤1.29 mmol/L (F) 

 !Yes  !No 

 
Does participant meet cut off for central adiposity and have at least two of the four other 
factors for Metabolic Syndrome? %% % % % % !Yes  !No 
 
Admitted to Study on: 
Date:______________  Authorised Signature:_________________________ 
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g. Data Recording Sheet 
Clinical Trial 2011MeckVitD Recording Sheet: 
 
Participant #: 1 1 _ _ 
Date: (YYYY/MM/DD) Time: (HH:MM) 
 
Body Weight: _____ kg   Waist Circumference: _____ cm  
Hip Circumference: _____ cm  Body Fat: ____ % 
 
Blood Pressure: _______ : _______ : _______ Avg: _______ mmHg  
Resting Heart Rate: ___ : ___ : ___ Avg: ___ bpm 
 
Food Records/Exercise Records Provided? !Yes  !No 
Supplements Provided?    !Yes  !No 
Fasting Blood Sample Collected?  !Yes  !No 
Side-Effects to Protocol Reported?  !Yes  !No 

If Yes, Please Explain:___________________________________________________________ 
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________ 
____________________________________________________________________________________ 
 
Any Changes to Medication Use?  !Yes  !No 
 If Yes, Please Explain:___________________________________________________________ 
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________ 
 
 
Participant #: 1 1 _ _ 
Date: (YYYY/MM/DD) Time: (HH:MM) 
 
Body Weight: _____ kg   Waist Circumference: _____ cm  
Hip Circumference: _____ cm  Body Fat: ____ % 
 
Blood Pressure: _______ : _______ : _______ Avg: _______ mmHg  
Resting Heart Rate: ___ : ___ : ___ Avg: ___ bpm 
 
Food Records/Exercise Records Provided? !Yes  !No 
Supplements Provided?    !Yes  !No 
Fasting Blood Sample Collected?  !Yes  !No 
Side-Effects to Protocol Reported?  !Yes  !No  

If Yes, Please Explain:___________________________________________________________ 
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________ 
____________________________________________________________________________________ 
 
Any Changes to Medication Use?  !Yes  !No 
 If Yes, Please Explain: ___________________________________________________________ 
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________ 
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h. Sample Food Record 

Sample Daily Food Record 
Name: __John Smith__  Date: __24/05/2011_    Week: ___1/16_____ 
Food / Drink 
Consumed %

Quantity % Carbohydrate (g) % Calories 

(kcal) %
Description / 
Preparation %
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! ! ! ! !
Total Daily 

Intake!
–-–-–-–-–! (('! '%&"! –-–-–-–-–!

Physical Activity % Duration % Rating of Perceived 

Exertion %B#=$(7@' GH'8(7"+%,' G\3H'

! ! !
Have you taken any medication today? (Please List) 
Vitamin D 1000 IU_, ibuprofen 400mg____________________________________________ 
Have you had any adverse events/side-effects? 
None_________________________________________________________________________ 
Please provide as much detail as possible.  If you run out of space, write on the back of this sheet.  
Feel free to attach labels, wrappers, recipes, notes, etc...  Thank you! 
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i. Sample List of Low GI Foods Given to Participants 
 Low Glycemic 

Index    <45 
Medium Glycemic 

Index 45-60 
High Glycemic 

Index    >60 
Grains and Chick Pea Flour 27 Brown Rice 55 Bagels 72 
Pasta Fettucini 32 Buckwheat 55 Cheerios 74 
 Rice Bran 27 Corn 55 Corn Chips 72 
 Spaghetti 41 Linguine 46 Corn Flakes 81 
 Vermiccelli 35 Macaroni 45 Cornmeal 68 
 Wheat Bran 42 Museli 56 Couscous 65 
 Whole Rye 37 Popcorn 57 Crackers 67 
 Ravioli 39 Rice Vermicelli 58 English Muffins 71 
 Apple Muffin 44 Long Grain White Rice 56 Gnocchi 67 
 Fusilli 28 Wild RIce 57 Millet 71 
 Lasagne 30 Basmati White Rice 58 Rice Cakes 82 
 Barley 25 Oat Bran 55 Rice Krispies 82 
 Wheat Tortilla 30 Pita (Whole Wheat) 57 Rice Pasta 92 
   Sourdough 52 Rye Bread 65 
   Pumpernickel 51 Shredded Wheat 67 
   Long Grain White Rice 56 Taco Shells 68 
   Spring Roll 50 White Bread 95 
   Blueberry Muffin 59 White Flour Products 71 
   Oatmeal 49 Baguette 95 
   Angel Hair Pasta 45 Whole Wheat Bread 69 
   All Bran 50 Kaiser Roll 73 
     Croissant 67 
     Pretzels 83 
     Instant Rice 87 
     Raisin Bran 61 
     Donut 76 
     Waffles 76 
     Cream of Wheat 66 
     Pancakes 67 
     Soda Crackers 74 
     Stoned Wheat Thins 67 
     Short Grain Rice 72 
     Hamburger Bun 61 
     Scones 92 
     Life Cereal 66 
     Croissant 67 
     Quick Oats 65 
     Special K 69 
     Graham Wafers 74 
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j. Research Ethics Board Certificate 
 

 

 

RESEARCH ETHICS BOARD 
Certification of Ethical Acceptability of 
Research 
Involving Human Participants 
 

 
  APPROVAL PERIOD:  November 4, 2010 to   November 4, 2012 
 
  REB NUMBER:   10SE037 
 
  TYPE OF REVIEW:  Delegated Type 1  
       
  RESPONSIBLE FACULTY: KELLY MECKLING 
 
  DEPARTMENT:  Human Health & Nutritional Sciences   
 
  SPONSOR:   N/A 
 
  TITLE OF PROJECT:  Effects of a Low Carbohydrate Diet in Overweight 
      Subjects with Risk Factors for Diabetes and  
      Metabolic Syndrome 
 
The members of the University of Guelph Research Ethics Board have examined the protocol which 
describes the participation of the human subjects in the above-named research project and considers the 
procedures, as described by the applicant, to conform to the University's ethical standards and the Tri-
Council Policy Statement. 
The REB requires that you adhere to the protocol as last reviewed and approved by the REB.  The REB 
must approve any modifications before they can be implemented. If you wish to modify your research 
project, please complete the Change Request Form.If there is a change in your source of funding, or a 
previously unfunded project receives funding, you must report this as a change to the protocol. 
Adverse or unexpected events must be reported to the REB as soon as possible with an indication of how 
these events affect, in the view of the Responsible Faculty, the safety of the participants, and the 
continuation of the protocol. 
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X. APPENDIX B 
 
Table 10.1. Raw Data for Anthropometric Measures for NSup1,2 

Subject ID Time Point Body Wt Waist C Hip C Sys BP Dia BP RHR Body Fat3 

1107 W0 89.00 102.0 105.0 137 103 68 24.7 
1113 W0 95.25 112.0 122.0 161 110 79 46.8 
1123 W0 128.30 138.0 149.0 113 85 74 54.1 
1137 W0 117.25 100.0 138.0 135 81 65 45.8 
1148 W0 99.50 116.0 121.0 124 87 84 51.5 
1163 W0 72.15 83.0 101.0 118 78 64 35.4 
1115 W0 96.65 112.0 129.0 124 72 62 49.0 
1149 W0 117.40 112.0 135.0 116 85 85 45.6 
1173 W0 97.65 100.0 121.0 122 86 87 48.3 
1175 W0 112.05 124.0 118.0 128 81 78 35.4 
1107 W8 84.70 96.0 106.0 127 90 72 24.3 
1113 W8 92.35 99.0 113.0 142 98 79 45.3 
1123 W8 126.70 138.0 147.0 103 75 77 52.6 
1137 W8 107.85 103.0 127.0 135 76 68 38.2 
1148 W8 95.25 111.0 121.0 120 82 83 49.8 
1163 W8 70.30 76.0 100.0 108 72 80 33.6 
1115 W8 94.15 111.0 126.0 145 69 64 49.4 
1149 W8 112.85 106.0 129.0 115 76 84 43.9 
1173 W8 97.80 95.0 123.0 108 75 84 48.7 
1175 W8 105.00 116.0 115.0 124 70 68 33.5 
1137 W16 102.50 95.0 125.0 128 76 62 38.1 
1148 W16 93.70 107.0 112.0 118 79 88 49.3 
1163 W16 67.25 73.0 95.0 115 81 69 34.8 
1115 W16 92.55 105.0 117.0 139 76 67 48.3 
1149 W16 107.20 97.0 120.0 111 76 78 43.9 
1173 W16 94.75 90.0 122.0 116 81 79 48.3 
1175 W16 102.25 110.0 112.0 119 81 78 31.8 

1Abbreviations used: NSup=non-supplemented group, W0=week 0 measurement, W8=week 8 measurement, 
W16=week 16 measurement, Wt=weight, C=circumference, Sys=systolic, Dia=diastolic, BP=blood pressure, 
RHR=resting heart rate 
 
2Units of measurement: body weight (kg), wasit/hip circumference (cm), systolic/diastolic blood pressure (mmHg), 
resting heart rate (beats per minute), body fat (%) 
 
3Body fat percentage was measured but not reported in this thesis as it was outside the scope of MetS
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Table 10.2. Raw Data for Anthropometric Measures for Sup1,2 

Subject ID Time Point Body Wt Waist C Hip C Sys BP Dia BP RHR Body Fat3 

1109 W0 166.40 155.0 144.0 131 86 71 40.9 
1114 W0 101.90 110.0 141.0 150 123 82 53.3 
1127 W0 121.20 113.0 145.0 134 95 79 54.4 
1135 W0 85.60 98.0 117.0 163 121 82 46.0 
1136 W0 115.45 117.0 118.0 132 84 60 31.1 
1155 W0 83.65 113.0 112.0 117 85 76 39.5 
1156 W0 63.45 87.0 104.0 139 86 61 41.4 
1157 W0 77.20 91.0 107.0 166 90 67 39.0 
1103 W0 73.25 89.0 103.0 123 88 84 33.5 
1105 W0 115.75 128.0 125.0 130 92 73 35.6 
1185 W0 99.15 125.0 130.0 128 77 80 48.7 
1190 W0 91.40 103.0 110.0 139 81 58 26.7 
1171 W0 94.65 115.0 123.0 136 90 50 46.6 
1174 W0 115.30 134.0 149.0 134 82 71 53.7 
1194 W0 99.00 115.0 130.0 127 86 74 48.8 
1109 W8 162.50 146.0 141.0 137 66 68 38.8 
1114 W8 97.55 101.0 137.0 149 101 72 51.3 
1127 W8 119.70 116.0 143.0 144 105 79 49.3 
1135 W8 82.90 96.0 116.0 152 106 75 45.6 
1136 W8 114.60 113.0 115.0 126 64 62 31.7 
1155 W8 76.85 104.0 108.0 118 80 81 35.4 
1156 W8 62.20 83.0 103.0 134 78 61 38.4 
1157 W8 74.65 85.0 107.0 147 83 60 40.9 
1103 W8 66.90 88.0 99.0 112 74 67 31.0 
1105 W8 113.00 118.0 116.0 128 83 7 34.7 
1185 W8 97.15 123.0 137.0 121 73 65 49.8 
1190 W8 92.50 104.0 111.0 125 77 61 27.9 
1171 W8 90.95 114.0 120.0 116 83 52 46.9 
1174 W8 113.90 131.0 150.0 130 89 61 52.5 
1194 W8 91.30 100.0 123.0 111 77 67 41.7 

1Abbreviations used: Sup=supplemented group, W0=week 0 measurement, W8=week 8 measurement, W16=week 
16 measurement, Wt=weight, C=circumference, Sys=systolic, Dia=diastolic, BP=blood pressure, RHR=resting heart 
rate 
 
2Units of measurement: body weight (kg), wasit/hip circumference (cm), systolic/diastolic blood pressure (mmHg), 
resting heart rate (beats per minute), body fat (%) 
 
3Body fat percentage was measured but not reported in this thesis as it was outside the scope of MetS 
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Table 10.3. Raw Data for Anthropometric Measures for Sup1,2 
Subject ID Time Point Body Wt Waist C Hip C Sys BP Dia BP RHR Body Fat3 

1109 W16 157.15 143.0 139.0 140 84 69 39.2 
1114 W16 98.60 104.0 113.0 141 100 68 50.9 
1127 W16 117.80 116.0 140.0 140 95 82 53.1 
1135 W16 82.25 86.0 113.0 137 98 82 45.7 
1136 W16 115.80 118.0 114.0 117 74 59 32.3 
1156 W16 65.00 86.0 107.0 134 74 60 40.6 
1157 W16 74.65 93.0 111.0 150 86 59 34.9 
1103 W16 66.20 83.0 94.0 110 62 75 26.9 
1105 W16 113.85 118.0 119.0 119 86 71 34.9 
1185 W16 97.40 120.0 132.0 129 82 71 50.7 
1190 W16 93.55 102.0 110.0 141 74 64 25.7 
1171 W16 89.55 114.0 115.0 122 71 58 44.9 
1174 W16 113.00 119.0 140.0 134 80 67 52.7 
1194 W16 85.50 93.0 114.0 113 73 66 41.5 

1Abbreviations used: Sup=supplemented group, W0=week 0 measurement, W8=week 8 measurement, W16=week 
16 measurement, Wt=weight, C=circumference, Sys=systolic, Dia=diastolic, BP=blood pressure, RHR=resting heart 
rate 
 
2Units of measurement: body weight (kg), wasit/hip circumference (cm), systolic/diastolic blood pressure (mmHg), 
resting heart rate (beats per minute), body fat (%) 
  
3Measured but not reported in this thesis as it was outside the scope of MetS 
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Table 10.4. Raw Data for Biochemical Measures for NSup1,2 

Subject ID Time Point Glucose Insulin HBA1C HS-CRP3 Chol3 LDL C3 HDL C Triglycerides 
1107 W0 4.9 72 0.059 2.0 5.33 2.93 1.06 2.95 
1113 W0 5.4 351 0.057 3.4 4.48 2.62 1.23 1.39 
1123 W0 5.5 60 0.058 5.9 4.58 2.89 1.02 1.47 
1137 W0 5.3 30 0.059 2.2 4.35 2.91 1.16 0.62 
1148 W0 6.2 202 0.059 3.4 6.24 4.10 1.30 1.85 
1163 W0 5.5 33 0.056 0.6 5.97 3.11 2.71 0.32 
1115 W0 7.3 55 0.072 3.6 4.22 2.05 1.36 1.78 
1149 W0 5.2 82 0.053 1.1 3.84 2.26 1.07 1.12 
1173 W0 5.9 90 0.057 12.0 4.17 1.08 1.34 3.86 
1175 W0 5.4 51 0.060 2.4 4.10 1.99 0.98 2.48 
1107 W8 5.5 57 0.058 1.0 4.91 3.40 1.09 1.37 
1113 W8 5.4 289 0.056 3.9 4.18 2.47 1.09 1.36 
1123 W8 5.2 52 0.058 5.1 4.58 2.89 1.02 1.47 
1137 W8 4.9 <14 0.057 3.3 4.24 2.81 1.20 0.51 
1148 W8 5.3 146 0.057 1.6 5.32 3.19 1.10 2.26 
1163 W8 5.1 81 0.060 1.4 5.64 3.12 2.25 0.6 
1115 W8 8.9 87 0.074 9.4 4.28 2.30 1.19 1.74 
1149 W8 4.8 71 0.053 2.8 3.55 2.09 0.97 1.07 
1173 W8 5.4 102 0.057 14.6 4.10 1.20 1.61 2.83 
1175 W8 5.7 72 0.057 1.9 3.73 2.02 1.07 1.40 
1137 W16 5.5 20 0.059 2.3 4.08 2.75 1.13 0.45 
1148 W16 5.6 167 0.058 2.5 6.44 4.25 1.37 1.8 
1163 W16 6.0 72 0.060 0.3 7.22 4.42 2.55 0.56 
1115 W16 7.7 92 0.080 9.0 4.25 1.96 1.16 2.48 
1149 W16 5.0 68 0.054 1.2 4.52 2.85 1.00 1.47 
1173 W16 5.6 93 0.056 19.9 4.08 1.49 1.55 2.29 
1175 W16 5.5 71 0.059 2.8 3.98 2.27 1.09 1.37 

1Abbreviations used: Sup=supplemented group, W0=week 0 measurement, W8=week 8 measurement, W16=week 
16 measurement, HS-CRP=highly sensitive c-reactive protein, Chol=total cholesterol, LDL C=low-density 
lipoprotein cholesterol, HDL C=high-density lipoprotein cholesterol 
 
2Units of measurement: glucose (mmol/L), Insulin (pmol/L), highly sensitive c-reactive protein (mg/L), total 
cholesterol (mmol/L), low-density lipoprotein cholesterol (mmol/L), high-density lipoprotein cholesterol (mmol/L), 
triglycerides (mmol/L) 
 
3Measured but not reported in this thesis as it was outside the scope of MetS 
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Table 10.5. Raw Data for Biochemical Measures for Sup1,2 

Subject ID Time Point Glucose Insulin HBA1C HS-CRP3 Chol3 LDL C3 HDL C Triglycerides 
1109 W0 5.9 222 0.060 5.7 3.77 1.79 0.73 2.75 
1114 W0 4.8 23 0.058 2.6 6.58 4.10 1.25 2.71 
1127 W0 7.2 147 0.064 3.0 3.62 1.73 1.04 1.88 
1135 W0 4.6 20 0.055 11.8 5.87 3.23 1.64 2.21 
1136 W0 11.3 <14 0.078 5.4 3.30 1.78 1.22 0.67 
1155 W0 6.1 46 0.062 1.1 4.42 2.41 1.30 1.56 
1156 W0 5.1 <14 0.056 0.4 4.17 1.85 2.10 0.48 
1157 W0 5.2 41 0.058 2.7 6.42 4.09 1.38 2.09 
1103 W0 4.9 40 0.052 0.3 4.17 2.79 1.17 0.46 
1105 W0 6.8 69 0.070 3.2 3.87 2.39 0.94 1.18 
1185 W0 5.6 118 0.060 8.9 7.48 5.13 1.71 1.41 
1190 W0 6.0 28 0.058 1.0 5.09 3.54 1.07 1.06 
1171 W0 6.6 96 0.059 0.6 3.70 1.75 0.96 2.18 
1174 W0 5.0 144 0.065 10.6 5.21 3.04 1.22 2.09 
1194 W0 8.0 141 0.076 10.9 5.59 3.85 1.07 1.48 
1109 W8 6.3 189 0.057 12.3 3.54 1.72 0.69 2.49 
1114 W8 5.2 54 0.058 3.4 5.90 3.95 1.19 1.67 
1127 W8 7.2 111 0.061 2.2 3.84 1.93 1.03 1.93 
1135 W8 4.9 39 0.054 9.4 5.72 3.31 1.65 1.68 
1136 W8 6.3 <14 0.074 4.4 3.25 1.72 1.20 0.72 
1155 W8 4.8 65 0.055 6.4 4.65 2.85 1.25 1.22 
1156 W8 5.2 <14 0.056 0.4 4.35 1.86 2.21 0.62 
1157 W8 5.1 18 0.057 5.0 7.30 4.76 1.57 2.13 
1103 W8 4.9 28 0.053 0.3 4.25 2.91 1.18 0.35 
1105 W8 7.0 83 0.067 2.3 2.94 1.71 0.91 0.70 
1185 W8 6.7 135 0.057 6.9 5.18 2.79 1.43 2.11 
1190 W8 5.7 69 0.059 0.9 5.60 4.03 1.09 1.06 
1171 W8 6.5 90 0.058 0.4 2.99 1.56 0.89 1.18 
1174 W8 5.9 166 0.063 11.1 4.86 2.75 1.15 2.12 
1194 W8 5.3 82 0.067 7.5 4.70 3.22 1.03 0.98 

1Abbreviations used: Sup=supplemented group, W0=week 0 measurement, W8=week 8 measurement, W16=week 
16 measurement, HS-CRP=highly sensitive c-reactive protein, Chol=total cholesterol, LDL C=low-density 
lipoprotein cholesterol, HDL C=high-density lipoprotein cholesterol 
 
2Units of measurement: glucose (mmol/L), Insulin (pmol/L), highly sensitive c-reactive protein (mg/L), total 
cholesterol (mmol/L), low-density lipoprotein cholesterol (mmol/L), high-density lipoprotein cholesterol (mmol/L), 
triglycerides (mmol/L) 
 
3Measured but not reported in this thesis as it was outside the scope of MetS 
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Table 10.6. Raw Data for Biochemical Measures for Sup1,2 

Subject ID Time Point Glucose Insulin HBA1C HS-CRP3 Chol3 LDL C3 HDL C Triglycerides 
1109 W16 5.6 141 0.057 6.2 3.48 1.76 0.68 2.28 
1114 W16 5.1 32 0.058 2.6 6.58 4.10 1.25 2.71 
1127 W16 7.3 134 0.061 2.8 4.04 2.23 1.06 1.65 
1135 W16 5.2 45 0.056 10.0 6.65 4.09 1.81 1.66 
1136 W16 8.5 <14 0.078 3.8 3.49 1.84 1.36 0.63 
1156 W16 5.1 <14 0.057 0.6 4.28 1.83 2.17 0.62 
1157 W16 4.5 <14 0.056 3.7 7.57 - 1.22 4.9 
1103 W16 5.1 <14 0.053 0.2 4.14 2.74 1.21 0.41 
1105 W16 6.7 91 0.067 2.2 3.45 1.97 0.97 1.12 
1185 W16 5.4 116 0.061 4.9 5.10 2.91 1.76 0.94 
1190 W16 5.3 69 0.061 0.7 4.85 3.23 1.00 1.36 
1171 W16 6.4 90 0.058 0.4 3.49 1.90 1.02 1.25 
1174 W16 5.8 180 0.062 11.3 5.25 3.02 1.28 2.10 
1194 W16 5.6 52 0.065 8.4 4.80 3.31 1.06 0.94 

1Abbreviations used: Sup=supplemented group, W0=week 0 measurement, W8=week 8 measurement, W16=week 
16 measurement, HS-CRP=highly sensitive c-reactive protein, Chol=total cholesterol, LDL C=low-density 
lipoprotein cholesterol, HDL C=high-density lipoprotein cholesterol 
 
2Units of measurement: glucose (mmol/L), Insulin (pmol/L), highly sensitive c-reactive protein (mg/L), total 
cholesterol (mmol/L), low-density lipoprotein cholesterol (mmol/L), high-density lipoprotein cholesterol (mmol/L), 
triglycerides (mmol/L) 
 
3Measured but not reported in this thesis as it was outside the scope of MetS 
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Table 10.7. Raw Data for Fatty Acid and Vitamin D2/D3 Measures for NSup1,2,3 
Subject ID Time Point ALA4 EPA DHA 25(OH)D2/D3 
1107 W0 (-) (-)! (-)! 49.9 
1113 W0 (-)! (-)! (-)! 72.4 
1123 W0 (-)! (-)! (-)! 69.9 
1137 W0 0.25 0.77 4.40 49.9 
1148 W0 0.10 0.90 2.56 92.4 
1163 W0 0.41 1.68 2.59 74.9 
1115 W0 0.21 0.59 3.74 57.4 
1149 W0 0.22 0.54 3.96 54.9 
1173 W0 0.28 0.59 4.61 69.9 
1175 W0 0.18 0.76 4.79 49.9 
1107 W8 0.00 0.00 0.00 69.9 
1113 W8 0.00 0.00 0.00 69.9 
1123 W8 0.00 0.00 0.00 69.9 
1137 W8 0.23 0.69 4.91 44.9 
1148 W8 0.14 0.72 3.22 79.9 
1163 W8 0.20 2.03 2.79 77.4 
1115 W8 0.25 0.94 3.70 64.9 
1149 W8 0.17 0.49 3.93 67.4 
1173 W8 0.27 0.68 4.81 79.9 
1175 W8 0.00 0.62 5.30 59.9 
1137 W16 0.26 0.65 4.79 52.4 
1148 W16 0.24 1.00 3.35 94.8 
1163 W16 0.47 1.83 2.52 69.9 
1115 W16 0.23 1.08 3.64 72.4 
1149 W16 0.19 0.43 3.89 77.4 
1173 W16 0.24 0.69 5.23 72.4 
1175 W16 0.14 1.66 7.11 52.4 

1Abbreviations used: NSup=non-supplemented group, W0=week 0 measurement, W8=week 8 measurement, 
W16=week 16 measurement, ALA=alpha linoleic acid, EPA= eicosapentaenoic acid, DHA=docosahexaenoic acid, 
25(OH)D3= 25-hydroxyvitamin D2/D3  
 
2Units of measurement: alpha linoleic acid (mol %), eicosapentaenoic acid (mol %), docosahexaenoic acid (mol %), 
25(OH)D3= 25-hydroxyvitamin D2/D3 (nmol/L) 
 
3 (-) indicates that the measurement was not done 
 
4Measured but not reported in this thesis 
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Table 10.8. Raw Data for Fatty Acid and Vitamin D3 Measures for Sup1,2,3 
Subject ID Time Point ALA4 EPA DHA 25(OH)D2/D3 
1109 W0 0.50 0.79 6.25 10.5 
1114 W0 0.23 0.73 4.10 30.0 
1127 W0 0.29 0.91 5.20 79.9 
1135 W0 0.48 0.85 3.71 42.4 
1136 W0 0.24 0.75 2.89 74.9 
1155 W0 0.19 0.58 4.00 54.9 
1156 W0 0.22 2.12 5.60 87.4 
1157 W0 0.09 0.51 1.98 (-) 
1103 W0 0.00 0.41 3.85 22.5 
1105 W0 0.33 1.01 3.34 69.9 
1185 W0 0.23 0.60 3.04 47.4 
1190 W0 0.29 1.02 5.21 69.9 
1171 W0 0.50 0.53 3.70 74.9 
1174 W0 0.23 0.46 2.48 72.4 
1194 W0 0.29 0.62 3.68 67.4 
1109 W8 0.24 1.71 5.80 69.9 
1114 W8 0.22 2.19 6.30 79.9 
1127 W8 0.08 2.60 6.16 69.9 
1135 W8 0.38 2.32 5.40 79.9 
1136 W8 0.28 1.67 4.04 69.9 
1155 W8 0.28 1.20 3.41 87.4 
1156 W8 0.37 3.36 6.21 92.4 
1157 W8 0.00 1.74 3.29 (-) 
1103 W8 0.00 2.54 5.82 67.4 
1105 W8 0.23 1.90 4.67 79.9 
1185 W8 0.16 2.20 4.73 72.4 
1190 W8 0.20 2.31 5.88 79.9 
1171 W8 0.24 1.55 4.88 97.3 
1174 W8 0.14 1.64 3.76 89.9 
1194 W8 0.18 1.70 5.44 72.4 

1Abbreviations used: NSup=non-supplemented group, W0=week 0 measurement, W8=week 8 measurement, 
W16=week 16 measurement, ALA=alpha linoleic acid, EPA= eicosapentaenoic acid, DHA=docosahexaenoic acid, 
25(OH)D3= 25-hydroxyvitamin D2/D3  
 
2Units of measurement: alpha linoleic acid (mol %), eicosapentaenoic acid (mol %), docosahexaenoic acid (mol %), 
25(OH)D3= 25-hydroxyvitamin D2/D3 (nmol/L) 
 
3 (-) indicates that the measurement was not done 
 
4Measured but not reported in this thesis 
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Table 10.9. Raw Data for Fatty Acid and Vitamin D3 Measures for Sup1,2,3 
Subject ID Time Point ALA4 EPA DHA 25(OH)D2/D3 
1109 W16 0.26 1.68 5.95 94.8 
1114 W16 0.20 2.83 6.50 94.8 
1127 W16 0.28 2.93 6.68 64.9 
1135 W16 0.36 2.70 5.35 59.9 
1136 W16 0.24 1.59 4.13 69.9 
1156 W16 0.10 3.78 5.27 92.4 
1157 W16 0.14 1.04 2.69 (-) 
1103 W16 0.00 2.46 6.33 69.9 
1105 W16 0.27 1.84 5.13 69.9 
1185 W16 0.16 2.15 5.12 84.9 
1190 W16 0.21 2.05 5.66 74.9 
1171 W16 0.11 1.15 3.21 67.4 
1174 W16 0.15 2.41 4.94 84.9 
1194 W16 0.19 2.38 6.43 72.4 

1Abbreviations used: NSup=non-supplemented group, W0=week 0 measurement, W8=week 8 measurement, 
W16=week 16 measurement, ALA=alpha linoleic acid, EPA= eicosapentaenoic acid, DHA=docosahexaenoic acid, 
25(OH)D3= 25-hydroxyvitamin D2/D3  
 
2Units of measurement: alpha linoleic acid (mol %), eicosapentaenoic acid (mol %), docosahexaenoic acid (mol %), 
25(OH)D3= 25-hydroxyvitamin D2/D3 (nmol/L) 
 
3 (-) indicates that the measurement was not done 
 
4Measured but not reported in this thesis 
 

 
 

 
 


