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CHAPTER ONE

INTRODUCTION 

1.1 INTRODUCTION

Cardiovascular disease (CVD) is one of the leading causes of death in Canada 

(Heart & Stroke Foundation, 2015). Though, there has been significant progress in 

lowering the number of incidences over the last 60 yr, there are approximately 1.6 M 

Canadians living with heart disease or the effects from a stroke (Heart & Stroke 

Foundation, 2015). CVD is related to atherosclerosis, which is the process of plaque 

building up on the walls of the arteries (American Heart Association, 2016). CVD also 

includes other diseases such as heart failure, arrhythmia and heart valve problems 

(American Heart Association, 2016). The risk factors associated with CVD include 

smoking, physical inactivity, over-weight or obesity, high blood pressure, diabetes, 

stress or not consuming the daily recommendations for fruit and vegetables by having 

less than 5 servings/d (Heart & Stroke Foundation, 2015). 

Diet is a critical preventative measure. In addition to consuming adequate 

amounts of fruits and vegetables, research has shown that polyunsaturated fatty acid 

(PUFAs) consumption has been shown to have a beneficial influence on risk factors for 

CVD (Mozaffarian et al., 2011). PUFAs such as the omega-6 (n-6) fatty acid, linoleic 

acid (LA) and the omega-3 (n-3) fatty acid, alpha-linolenic acid (ALA), are essential fatty 

acids (EFAs) to humans. These EFAs are not synthesized in the body, but need to be 

obtained through dietary sources. Some of these sources include a variety of seeds and 

some nuts. ALA can be converted into eicosapentaenoic acid (EPA), a precursor for 
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docosahexaenoic acid (DHA). Both EFAs, LA and ALA are needed from the diet, they 

both require the same delta 6-desaturase, delta 5-desaturase, and elongases enzymes 

for their further conversion into arachidonic acid and EPA. Therefore these enzymes are 

the rate-limiting step (Rodriguez-Leyva, 2010). The optimum ratios of these EFAs, 

however, are n-6:n-3 at 2:1-3:1 (Kaul et al., 2008). This optimal ratio is seen in 

hempseed. Additional to these previously mentioned PUFAs, hemp is also high in 

gamma linolenic acid (GLA) and stearidonic acid (SDA) (Rodriguez-Leyva et al., 2010). 

Interestingly, these fatty acids are biological metabolites during ALAs conversion to EPA 

and DHA (Rodriguez-Leyva et al., 2010).

Hemp is a member of the Cannabaceae family and belongs to the crop Cannabis 

sativa L. There are two main types of Cannabis sativa L., the most common plant 

known is marijuana which contains delta-9-tetrahydrocannabinol (THC) (Rodriguez-

Leyva et al., 2010). THC is present at concentrations of 1-20% and is the compound 

that gives the plant the psychoactive properties (Rodriguez-Leyva et al., 2010). The 

second type would be hemp, which is bred to contain THC levels of less than 0.3% and 

has no psychoactive properties (Rodriguez-Leyva et al., 2010).

 Hemp has an excellent nutritional composition. Hemp contains the optimal ratio 

of n-6:n-3, 2:1-3:1, high protein levels of 24.8 g per 100 g, fibre levels of 27.6 g/100 g 

and vitamin E levels of 90 mg per 100 g. Hemp also has high levels of minerals such as 

phosphorus (1160 mg/100 g), potassium (859 mg/100 g), magnesium (483 mg/100 g), 

calcium (145 mg/100 g), iron (14 mg/100 g), zinc (7 mg/100 g) and the amino acid (AA) 

arginine at 3.1 g/100 g ( Rodriguez-Leyva et al., 2010).
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Research examining the benefits of hemp products on human health is limited as 

a result of the stigma that was previously associated with the plant. Hemp has been 

accepted world-wide since the 1800’s for its many applications (Manitoba Agriculture, 

Food and Rural Development, Industrial Hemp Production). In 1938, Canada 

implemented an Opium and Narcotics Control Act which put an end to hemp production 

across North America (Manitoba Agriculture, Food and Rural Development). The stigma 

behind the crop prevented research and insight into this powerhouse plant, until the 

mid-1990s. Canada was able to breed the crop to contain low levels of THC at less than 

0.3% and by 1998 the ban was lifted (Manitoba Agriculture, Food and Rural 

Development). Since 1998, industrial hemp has been gaining popularity in the health 

and nutrition world because of its excellent nutritional composition.

As a result of the limited data available on hemp, further research needs to be 

conducted to examine the potential health benefits that hemp may have to offer.

1.2 RATIONALE

Hempseed is known to have an excellent nutritional composition. It is a source of 

GLA, SDA, LA and ALA. These EFAs are known to show a positive effect in reducing 

the damaging health risks associated with CVD (Rodriguez-Leyva et al., 2010). Due to 

the lack of formal research studies conducted targeting these potential health benefits 

that hemp may have, the overarching goal of this study is to uncover some of the key 

areas to determine hemp’s effects in modulating CVD risk factors.
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1.3 OBJECTIVES

The research objectives of the study are to examine the effects of hulled hemp 

seeds and hemp oil on healthy, overweight individuals after a 4 wk supplementation 

period compared to a control product.

1. The primary objective will be to investigate the RBC fatty acid profile to 

determine if any changes are found after consumption of the hemp versus 

control treatment. 

2. The secondary objective will examine the differences found in plasma fatty acid 

profile after consumption of the hemp versus control treatment.

3. The third objective will look into serum lipid and glucose concentration 

responses between consumption of hemp versus control treatments.

4. The final objective will determine if various measurements including 

anthropometry, body composition, blood pressure or arterial stiffness improve 

after consumption of hemp versus control treatment.

1.4 HYPOTHESIS

The research hypotheses of the study to be evaluated are:

1. That the consumption of hulled hempseed and hemp oil which is high in EFAs 

will improve the omega-3 index in the RBC of the participants.

2. Plasma fatty acid profiles will show great increase in the concentrations of 

GLA, SDA, LA and ALA after the hemp treatment.

3. After the consumption of the hemp treatment, serum lipids such as high 

density lipoprotein (HDL) levels will increase and low density lipoprotein 



�13

(LDL) levels will decrease and show overall lowering of total triglycerides 

(TG), total cholesterol (TC) and glucose levels.

4. The overall addition of incorporating more healthy fats into the diet will show 

an improvement in lowering body weight, increasing lean muscle and 

decreasing fat distribution throughout the body. The results will also include 

synergistically lowering blood pressure and improvement of arterial stiffness.

The following literature will bring awareness to the research currently available 

on hempseed. The literature will also examine both the clinical and animal studies and 

critically assess the research gaps.  



�14

CHAPTER TWO

LITERATURE REVIEW

2.1 CLINICAL STUDIES EXAMINING THE HEALTH IMPACTS AFTER 

HEMPSEED OIL CONSUMPTION

Hemp has been shown to have health improvements in individuals after short 

term consumption. Schwab et al. (2006) conducted one of the first studies which 

identified limitations in current research involving hempseed. Most studies did not have 

adequate control or placebo groups and did not control supplementation dosage. The 

studies also did not include diet records from the participants. As a result, this group 

designed their trial as a controlled, randomized, double-blinded, cross-over study to 

compare the effects of dietary hempseed oil and flaxseed oil on the serum lipid profile, 

fasting total and lipoprotein concentrations, plasma glucose and insulin concentrations 

as well as haemostatic factors in healthy volunteers. The study included 14 volunteers, 

8 men and 6 females without chronic disease, BMI less than 30 kg/m2 and between the 

ages of 25-60 yr. Participants were randomly assigned to treatments and then crossed 

over to the other treatment after a four week wash out period, commencing the second 

phase. The study conducted by Schwab et al. (2006) consisted of two 4 wk phases with 

a 4 wk wash out period between the two phases. Participants were asked to come to 

the facility at the beginning and end of each intervention phase. During the intervention 

phases, participants were asked to consume 30 mL/d of the assigned oil. Results of the 

study showed differences in the effects on fatty acid composition of serum lipids. 

Hempseed oil had higher LA concentrations in serum cholesteryl esters (CE) and TG 
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when compared to the flaxseed oil treatment. Hempseed oil had higher concentrations 

of GLA. Both oil treatments had high levels of ALA but flaxseed oil had higher 

concentrations compared to the hempseed oil. Flaxseed oil also contained higher levels 

of EPA. Both hempseed and flaxseed oil consumption lowered serum TG 

concentrations but there were no effects on serum concentrations of CE or lipoprotein 

cholesterol, plasma glucose or insulin or haemostatic factors.

Thus, research indicates hemp consumption improves LA, GLA and ALA levels in 

circulation with 30 mL/d of hempseed oil for 4 wk and that the length of the treatment 

phase is an adequate amount of time to see the beneficial results. Future studies should 

incorporate these values into the experimental treatment dosages and study timeline. 

Research also reveals that consumption of hempseed oil has been shown to reduce TG 

levels in the circulation (Schwab et al., 2006).

Another study conducted by Kaul et al. (2008) had two objectives. The first 

objective was to determine if lower concentrations of supplemented PUFAs would be 

able to be distributed to a sample size that reflects the general population by 

administrating two, 1 g capsules/d and produce a significant effect on the biochemical 

parameters associated with CVD. The second objective was to compare the effects 

from three different PUFA sources, which consisted of fish oil, flaxseed oil and 

hempseed oil. The study design was a double-blinded, placebo-controlled trial using a 

daily dosage of two, 1 g capsules/day of the assigned PUFAs supplement. There were 

88 participants who completed the study and the blood samples were collected on wk 0, 

6 and 12 of the study. The results of the study showed that hempseed oil failed to 

produce a difference in levels of EPA, DHA, LA or ALA on wk 6 or 12. Hempseed 
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consumption had no significant effect on TC, TG, LDL or HDL levels. These results 

suggest that the dosage of two 1 g capsules/d failed to contain high enough levels of 

hempseed oil to show health benefits. The researchers suggested that ALA and LA may 

not be absorbed as well in the gastrointestinal tract as EPA and DHA. The researchers 

also suggested that there may be an intrinsic difference in the absorption of fatty acids.

The study shows that a higher dosage of hempseed may need to be incorporated 

in order to see a difference in the fatty acid profiles. Future studies should incorporate 

30 mL/d of hempseed oil, as well as, two 30 g/d of seeds as the experimental treatment 

dosage. The limitations found in the previous hemp studies addressed by Schwab et al. 

(2006) provide great insight into how properly design a feeding trial.

In the study by Lemke et al (2015), the trial design followed a similar structure as 

the previously mentioned study. The study did not include a control group and only 

provided 15g Echium oil/day with the objectives being to find an increase in plasma EPA 

concentrations. The study consisted of two 6 week intervention periods with a minimum 

of a 2 week wash out period. Results of the study observed no difference in serum TG 

but a possible limitation may have been attributed to not having a control group to test 

the results against. Also, no significant difference was seen in the omega-3 index but a 

rise in EPA concentration in RBC phospholipids did occur. 

These findings suggest that dosage may play a critical factor when determining 

intervention treatment. The study by Kaul et al. (2008) supports the idea or adequate 

dosage and future studies should look to blind the products by masking the hempseed 

oil and control oil by formulating the products into a similar salad dressing. Hempseed 
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oil, however, has a distinctive dark green colour that may be difficult to mask completely 

in a salad dressing.

2.2 ANIMAL STUDIES EXAMINING THE HEALTH IMPACTS AFTER 

HEMPSEED OIL CONSUMPTION
Two animal studies have examined hempseed oil’s effect on platelet aggregation. 

The first study by Richard et al. (2006) involved a 12 wk feeding trial with rats. Eight rats 

were randomly assigned to each of the three groups. The first group contained 5% of 

grounded hempseed in the meal, the second group contained 10% of ground hempseed 

in the meal and the third was the control group which included 1% palm oil into the 

meal. The results of the study showed that the two groups that contained ground 

hempseed had an increase in LA and ALA levels which induced changes in the plasma 

fatty acid profiles. Also, platelet aggregation was greatly inhibited in hempseed-fed 

groups. The second study performed by Prociuk et al. (2008) examined platelet 

aggregation and plasma and lipid concentrations of hypercholesterolemic rabbits fed 

various treatments of hempseed meals. The first meal contained the control with 10% 

hempseed, the second meal contained the control with 10% partially dilipidated 

hempseed, the third meal contained the control with 0.5% cholesterol, the fourth meal 

contained 10% hempseed and 0.5% cholesterol and the final meal contained the control 

meal with 5% coconut oil. Results of the study showed no significant differences in 

platelet aggregation across treatments. Meals containing cholesterol appeared to have 

an increase in platelet aggregation. The interesting finding of the study was that the 

meal containing 10% hempseed and 0.5% cholesterol appeared to have a normalized 
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platelet aggregation rate. The authors suggested that these findings may be a result of 

the hempseed being present in the meal.

Two animal studies have been conducted to examine the effects that hempseed 

may have on cardiac ischemic reperfusion injury. The first study by Al-Khalifa et al. 

(2007) examined how rats would recover from ischemia-reperfusion when fed various 

diets. Rats were assigned to one of the four diets which consisted of diet one containing 

5% hempseed, diet two containing 10% hempseed, diet three containing 1% palm oil 

and diet four containing 10% dilipidated hempseed for the 12 wk study. What the 

researchers found was that there were no significant differences in the heart LA 

concentrations. The 10 % hempseed diet produced the greatest significant difference in 

ALA levels and all hempseed containing diets had a better recovery from ischemia-

reperfusion when compared to the control diet. The other study conducted by Prociuk et 

al (2006) aimed to investigate the potential for hempseed to provide cardio-protective 

effects during ischemia-reperfusion injury. Rabbits were assigned to one of the six diets 

for 8 weeks. The first diet consisted of the control meal, the second meal contained 10% 

ground hempseed, the third meal 10% partially delipidated hempseed, the fourth meal 

contained 0.5% cholesterol, the fifth meal contained 0.5% cholesterol plus hempseed 

and the sixth meal contained 5% coconut oil. The results of the study showed no 

significant improvement in the hypothesized cardio-protective effects of hempseed 

during ischemia-reperfusion injury. There were also many limitations to the study, which 

included a small sample size and the use of rabbits which may not have emulated the 

action of these diet ingredients in humans. Also, the plasma fatty acids were extracted 
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from the hearts of the rabbits and placed into a standard perfusate that contained no 

PUFAs. 

In a study by Gavel et al. (2011), researchers examined the potential for 

hempseed to inhibit atherosclerosis and the related vascular contractile dysfunction. 

The study involved 8 wk of dietary intervention. The various groups that the rabbits were 

assigned to included: the control diet, which consisted of regular rabbit chow, the control 

diet with 5% coconut oil, a control diet with 10% hempseed, 0.5% cholesterol, a control 

diet with both 10% hempseed and 0.5% cholesterol and a control diet with 10% 

delipidated hempseed. Results of the study showed that hempseed was not able to 

protect the vessels from plaque buildup, which is contradictory to the results seen by 

Prociuk et al. (2008). These findings showed that hempseed had no effect on 

atherosclerosis and vascular contraction. This study also contradicted the other 

research findings showing that hempseed supplementation increases plasma levels of 

PUFAs. The study may have needed to use a higher dose or a different study animal. 

For the studies conducted by Richard et al. (2006), Prociuk et al. (2008), Al-

Khalifa et al. (2007), Prociuk et al (2006) and Gavel et al. (2011), the incorporation of 

10% hempseed has been shown to have health benefits of flaxseed. Although the 

animal studies have many limitations and limited results, some of the potential health 

benefits such as platelet aggregation and changes in the blood fatty acid profiles of the 

hempseed containing groups were present. The highest changes were seen in diets 

containing 10% hempseed.   

A study conducted by Chichowska et al. aimed to examine the effects that hemp 

milk would have on weight gain of the body and internal organs in rats. Blood hormone 
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concentrations, various metabolic parameters and insulin and thyroid action were also 

investigated. The trial lasted 21 d and included 40 female rats. There were two 

experiments involved in the study. The first experiment assigned 8 rats to each of the 

three groups. The groups included a control group, hemp milk group and hemp milk and 

water group. The rats were administered the various experiment treatments at a 

concentration of 0.5 mL per 100 g of body weight. The control group rats were allowed 

free access to water. The second experiment followed the same procedures as in 

experiment one, only the control group rats were allowed access to hemp milk. The 

results of the study showed no difference in body weight, kidney and liver functions or 

improved thyroid gland and adrenals. The hemp milk did influence the endocrine system 

and changes in blood insulin were determined. Also, reduction of free cholesterol, TG 

and total and esterified cholesterol were seen. Interestingly, the study by Schwab et al. 

(2006) revealed no changes in plasma glucose or insulin concentrations.

Overall, the research available on hemp is limited. Previous studies provide a 

leading direction on adequate dosage and timeline for the study. Combining these 

findings, future studies should investigate further into the potential health benefits of 

hempseed oil and hulled hempseed.

2.3 SOYBEAN OIL COMPOSITION 

Soybean oil is light in colour and can be easily masked with salad dressing 

ingredients such as balsamic vinegar and spices to help blind which oil the participants 

are consuming. Consuming the treatment oils in the form of a salad dressing help aid in 

masking hempseed oil’s dark green colour. Soybean oil’s fatty acid composition includes 
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high levels of LA, oleic acid and small amounts of ALA (Han et al., 2012). Incorporating 

a control treatment that is high in LA levels that match the high levels in hempseed oil 

allows to focus on the potential health benefits that the omega-3s contained in the hemp 

treatment. Interestingly, soybean oil also contains high levels of oleic acid. Oleic acid 

has been shown to have many cardio protective health effects including the prevention 

of ischemic cardiovascular disease, interaction with eicosanoid metabolism and 

influence platelet function (Cocchi et al., 2009).

2.4 POTENTIAL MECHANISMS AFFECTED BY OMEGA-3 INTAKE

Research has suggested that EPA is an important substrate for the production of 

eicosanoids, such as thromboxanes, resolvins and leukotrienes that promote anti-

inflammatory properties (Calder, 2012). Additionally to anti-inflammatory properties, 

omega-3 intake may increase HDL and lower LDL levels through altering gene 

expression involved in TG and fatty acid synthesis (Jung et al., 2008). Platelet 

aggregation may be lowered by EPA substrate eicosanoids competing with AA substrate 

eicosanoids; AA eicosanoids promote inflammatory responses (Jung et al., 2008). 

Omega-3 fatty acids may help modulate growth signals or DNA sythensis which prevent 

smooth muscle proliferation (Jung et al., 2008).  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CHAPTER THREE

MANUSCRIPT ONE:

THE EFFECT OF HULLED HEMP SEED AND HEMP OIL ON 
HEALTH BIOMARKERS

3.1 ABSTRACT

Diet is a critical preventative measure for cardiovascular disease (CVD). 

Previous research has found that polyunsaturated fatty acids (PUFAs) have been 

shown to reduce risk factors for CVD (Gavel et al., 2011, Gillingham et al. 2011, Kaul et 

al., 2008, Lemke et al., 2015, Mozaffarian and Wu., 2011, Rodriguez-Leyva et al., 2010., 

Schwab et al. 2006.). Hemp has an excellent nutritional composition and contains high 

levels of gamma linolenic acid (GLA), stearidonic acid (SDA), alpha linolenic acid (ALA) 

and linoleic acid (LA) (Rodriguez-Leyva et al., 2010). Currently, limited research is 

available on hemp seed and oil consumption. The objective of this study was to 

examine the effects of the omega-3 fatty acids contained in hempseed oil and hulled 

hempseed in 30 healthy, overweight individuals ages 18-65 yr. The study was a 

randomized, double-blinded with control, crossover human intervention trial. Results 

found that both ALA (P = 0.01) and eicosapentaenoic acid (EPA) (P = 0.02) 

concentrations were significantly higher after the consumption of the hemp treatment in 

the RBC. Plasma ALA (P < 0.05) and n-6 PUFAs (P = 0.03) concentrations were 

significantly higher after the consumption of the hemp treatment. However, 

docosahexaenoic acid (DHA) and total omega-3 PUFAs did not show a significant 

difference between treatments, nor did serum lipids, glucose metabolism or blood 
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pressure. There were no improvements seen in participants’ blood pressure or degree 

of arterial stiffness. The DEXA scans revealed no effect of treatment on body 

composition over the course of the trial. Overall, results of the study suggest that the 

consumption of hemp led to a significant improvement in the fatty acid profile in the 

RBC and plasma. The clinical implications of these findings suggest that hemp 

consumption may help CVD risk factors through the improvement of the fatty acid 

profiles. 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3.2 INTRODUCTION

Hemp contains high levels of stearidonic acid (SDA), gamma linolenic acid (GLA), 

alpha linolenic acid (ALA) and linolenic acid (LA) (Rodriguez-Leyva and Pierce, 2010). ALA 

and LA are essential fatty acids (EFAs) and must be obtained through the diet. ALA can 

be converted into eicosapentaenoic acid (EPA). EPA is beneficial to humans for many 

CVD risk factors, especially support of the arterial wall and the elasticity (Mozaffarian 

and Wu., 2011). DHA is important for the function of the brain as well as blood pressure 

(Mozaffarian and Wu., 2011). Both EFAs, ALA and LA require the same enzymes for 

their conversions such as, 6-desaturase, delta 5-desaturase and elongase enzymes. 

The activity of these enzymes is, therefore, the rate limiting step in the conversion into 

EPA (Rodriguez-Leyva et al., 2010). The optimum ratio of omega-6 (n-6), such as LA to 

omega-3 (n-3), such as ALA is 2:1. The optimum ratio of n-6:n-3 results in having the 

best conversion of rate into other fatty acids leading to the formation of EPA. Industrial 

hemp has been proven to have the optimum ratio at 2:1-3:1(Rodriguez-Leyva et al., 

2010). 

Research has shown that the consumption of PUFAs improve risk factors 

associated with cardiovascular disease (CVD) (Gavel et al., 2011, Gillingham et al. 

2011, Kaul et al., 2008, Lemke et al., 2015, Mozaffarian and Wu., 2011, Rodriguez-

Leyva et al., 2010., Schwab et al. 2006.). Risk factors associated with CVD include 

being over weight or obese, high blood pressure and diabetes (Heart & Stroke 

Foundation, 2015).

Therefore, the present study objective was to examine if consuming hempseed 

oil and hulled hempseed would show significant improvements in the RBC and plasma 
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fatty acid profiles within a group of healthy, overweight individuals. As a result of hemp’s 

high n-6, n-3 and EFAs content, the study will investigate if consuming high amounts of 

these fatty acids will show changes within the fatty acid profile. Secondary outcomes of 

interest include changes in serum lipid and glucose levels. High density lipoprotein 

(HDL-C) and low density lipoprotein cholesterol (LDL-C) levels have been linked as risk 

factors associated with CVD (Schwab et al., 2006). Research has shown that 

consuming more healthy fats lowers circulating LDL-C levels and raises HDL-C levels in 

the body (Mozaffarian and Wu., 2011). Additional secondary measurements planned 

include blood pressure, arterial stiffness, and obesity. DEXA scans will investigate if 

consuming hulled hempseed and hemp oil will significantly change total body fat, lean 

muscle and visceral adiposity.

3.3 EXPERIMENTAL METHODS

3.3.1 Subjects

Thirty metabolically healthy, overweight individuals with a body mass index (BMI) 

25-35 kg/m2 and between the ages of 18-65 yr were included in the study. Both men 

and women were eligible and required the ability to provide written informed consent 

and comply with the trial guidelines. Participants were excluded from the study if they 

were pregnant or lactating, were smokers or consumed tobacco products in the 

previous six months. Exclusion criteria also included having a history of cancer, 

rheumatoid arthritis, chronic illness, cardiovascular problems, liver and kidney disease, 

inflammatory bowel disease, pancreatitis, gallbladder or biliary disease, neurological/

psychological disease, bleeding disorders, any platelet abnormalities, or gastrointestinal 
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disorders that could interfere with fat absorption. Individuals possessing high serum 

triglycerides (TG) >4.52 mmol/L, and/or LDL-C >6.5 mmol/L, hypertension (systolic 

blood pressure >160 mm Hg or diastolic blood pressure >100 mm Hg) and glucose 

levels > 6.1 mmol/L were excluded. Participants who consumed or planned to consume 

anticoagulants, were hypertensive or were taking lipid lowering medications, or were 

hypotensive were also excluded. Also, participants who had consumed omega-3 PUFA 

dietary supplements within the last 4 wk and reported consumption of more than two 

alcoholic drinks/d or history of alcoholism or drug dependence and use of any 

experimental medication within one month prior to starting the trial were excluded.

3.3.2 Experimental Design

The study was a double-blinded, randomized, cross-over design.  Participants 

were recruited through advertisements in the newspaper Metro and the Richardson 

Centre for Functional Foods and Nutraceuticals (RCFFN) website and email list. Follow-

up on the potential participants included a telephone or email screening questionnaire 

which included questions regarding personal health information. The screening 

questionnaire determined the eligibility of potential participants. If the participant 

qualified, they were asked to attend the RCFFN for an in-person screening session. 

During the in-person screening session, participants were asked to arrive at the 

RCFFN 10-12 h overnight fasted. A thorough explanation of the trial and consent forms 

were discussed, as well as signatures on all ethics approved documents were gathered. 

The restrictions of the study were discussed which included avoidance of foods 

containing high levels of n-3s including fatty fishes such as salmon, herring, mackerel 
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and various seeds, including flaxseed and chia seeds or other n-3 supplementation. 

Anthropometry measurements which included height, weight, hip and waist 

circumference and blood pressure, as well as a blood sample were made. Blood 

samples were processed on a Vitros 350 chemistry analyzer to determine glucose and 

lipid concentrations. 

Each phase of the trial was 28 d. Participants were randomly assigned to a group 

which determined their sequencing of the trial. The trial included a 4 wk wash-out period 

between the two phases. Days 1, 27 and 28 were times where anthropometry 

measurements and blood samples were retained. The participants were asked to come 

to the RCFFN 10-12 h overnight fasted prior to their appointment. After day 1, the 

participants were only required to drop in weekly to pick up the treatment for the 

following week. Treatment products were double-blinded to appear similar in taste and 

visual appearance. Participants were required to consume two 30 g sachets of seeds 

and a single 30 g serving of salad dressing daily. Labelled cups were provided to ensure 

the proper amount was distributed daily. 

3.3.3 Experimental Treatment Products

Participants consumed both the control treatment and hemp treatment over the 

course of the trial. The control treatment included 27 g of sesame seeds with 3 g of lentil 

flakes incorporated afterwards to mimic the appearance of hempseed. The salad 

dressings base oil was soybean oil. The hemp treatment included 30 g of hulled 

hempseed and the salad dressing base oil was hemp oil. If participants were having any 

issues with flavour or acidity then the ingredients were modified to accommodate any 
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concerns. Table 1. shows the recipe used for the control and hemp treatment, 

Participants recorded in a food journal what time of day they consumed the treatment 

products and recorded any other food that was consumed with the treatment products. 

During the participants’ weekly drop ins, they were asked if there were any issues 

arising from consuming the treatment products and if they needed any further 

assistance in ways to incorporate the treatment products into their diets. The fatty acid 

profile of the soybean and hempseed oil used in the salad was determined by using the 

one-step fatty acid extraction method and processed on the gas chromatography (GC) 

linked with flame ionization. Results of the fatty acid profile in the soybean and 

hempseed oils are presented in Table 2. The soybean seeds and hempseed were sent 

to a third party lab to determine the macronutrient contents which are presented in 

Table 3.

3.3.4 Study Timeline

Participants arrived at the RCFFN for baseline measurements and to pick up the 

first week of treatment. The baseline measurements included anthropometry 

measurements, such as height, weight, hip, and waist circumference. Blood pressure 

and arterial stiffness were recorded, as well as a DEXA scan for body composition, 

which includes visceral adiposity. Day 1 was the start day of the phase. A blood sample 

was retained and processed within 2 h of the blood draw and stored in a -80℃ freezer 

until further analysis.

After day 1 of the phase, participants returned to the RCFFN weekly to pick up 

their treatment for the following week. Wk 4 was the final week of the intervention 
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period. On day 27 and 28 participants were asked to arrive at the RCFFN 10-12 h 

overnight fasted as they were endpoint days for both phases. A blood sample was 

required on both endpoint days and all other baseline measurements were performed 

on either day 27 or 28 depending on the participants’ availability or preference.

Participants then entered a minimum 4 wk wash out period before entering phase 

2 of the trial. During the washout period participants were asked to follow the same n-3 

food restrictions discussed prior to commencing the study and asked to maintain regular 

dietary habits. The same procedures during phase one continued during phase two of 

the study.

3.3.5 BMI, Blood pressure, arterial stiffness and DEXA 

On day 1, 27 and 28 of both treatment phases body mass index (BMI), blood 

pressure, arterial stiffness, and DEXA scans were performed. BMI was calculated using 

the participants’ weight and height measurements (National Heart, Blood and Lung 

Institute, Assessing your weight and health risk).

BMI= Weight of the person (Kg) / (Height of the person (M))2 

Blood pressure was determined on an electronic blood pressure reader. 

Measurements were performed in triplicate and the last two readings were averaged to 

determine the blood pressure value. Arterial stiffness was measured through pulse 

wave analysis (PWA) on the Mobil-O-Graph. A DEXA scan was conducted to determine 
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the lean muscle, fat and visceral adiposity levels. An electric scale was used to measure 

body weight of the participants. 

3.3.6 Blood sampling, serum lipid analysis and glucose analysis

Within one hour of the samples being drawn, they were centrifuged at 3000 rpm 

at 4℃ for 20 min. Plasma and RBC were collected. All tubes were placed in a -80℃ 

freezer until further analysis.

Serum lipid analysis was performed to measure plasma TG, TC, LDL-C, HDL-C 

and very low density lipoprotein (VLDL) cholesterol levels. LDL-C was determined using 

the Friedewald equation (Martin et al., 2013). 

3.3.7 RBC fatty acid profile analysis

The internal standard was C17:0 at 1mg/mL in chloroform. Approximately 0.5 g of 

RBC were weighed out into individual, glass test tubes. Methanol, internal standard, 

toluene and acetyl chloride were added to the test tubes. Each test tube was flushed 

with nitrogen and capped tightly. Samples were put in an oven set to 80℃ for one h. 

After, 6% potassium carbonate was added and the samples were centrifuged at 3000 

rpm, at 4℃ for 5 min. The top layer was removed. Samples were flushed with nitrogen 

until completely dried. Hexane was added into the GC vials. The sample was 

transferred into an insert and stored in a -80℃ freezer until further analysis.

GC vials were removed from -80℃ and set at room temperature for 

approximately one h prior to being analyzed. Samples were then analyzed on a 30 m 
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column GC with flame ionization detector. The oven was programmed for 70℃, the flow 

was 32.0 mL/min and the injector and detector were set to 250℃ and 270℃, 

respectively.

The n-3 index was determined by combining the amount of EPA and DHA 

present in the RBC (von Schacky et al., 2014). The n-3 index is important because prior 

studies have shown that having higher levels of EPA and DHA lower risk factors 

associated with CVD (von Schacky et al., 2014).

3.3.8 Plasma fatty acid profile analysis

Samples were removed from the -80℃ freezer and thawed at room temperature 

for approximately one h before beginning extraction methods, using the same method 

as RBC extraction. The samples were placed in a -80℃ freezer after the plasma 

extraction procedures were completed. The samples were then thawed at room 

temperature for approximately one h and analyzed on the GC.

3.3.9 Statistical analysis
Statistical analysis was performed with PROC POWER using SAS 9.2 (SAS Inc). 

Results of the study are shown as means ± standard error (SE). The effects of dietary 

treatments used a mixed model analysis of variance (ANOVA) procedure, with repeat 

measures. Treatment, sex, sequence, treatment*sex, treatment*sequence were 

assigned as fixed factors and participant ID was assigned as a random factor. The 

results were determined by comparing the results from day 28 from phase 1 to the 



�32

results on day 28 from phase 2. The second set of results were determined by 

calculating the percent change during each phase then comparing the results between 

the hemp treatment and control treatment. Statistical significance was set at P <0.05 for 

all outcome measurements. 

3.4 RESULTS

3.4.1 Subject characteristics

Baseline characteristics are presented in Table 4. Overall 30 participants, 13 

males and 17 females, completed the study. All participants were overweight or obese 

(BMI - 28.9 ± 2.9 kg/m²). Overall 7 participants dropped out of the study. Four 

participants had troubles incorporating the treatments into their daily schedule; 1 

participant was worried about the increase in fat intake from the intervention products, 1 

participant had to leave the study for personal reasons and 1 participant had adverse 

effects during the control treatment phase. Compliance was determined in the 

remaining 30 participants who completed the study based on the results seen in their 

RBC and plasma levels.

3.4.2 BMI, blood pressure, arterial stiffness and DEXA

 No significant differences were observed between the hemp and control 

treatment for the total body weight. Results are presented in Table 5. and Table 6. No 

significant differences were found between the hemp and control treatments in BMI.

Blood pressure values revealed there were no significant differences between 

the hemp and control treatment in either systolic or diastolic blood pressure. The PWV 
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showed no significant difference in the hemp treatment as well as the augmentation 

index. DEXA scans showed no significant differences in visceral fat, lean muscle or 

body fat.

3.4.3 Serum lipid and glucose concentrations
The fasting serum and glucose concentrations are presented in Table 7. and 

Table 8. There were no significant differences between the hemp and control treatment 

in total cholesterol, triglyceride, HDL-C, LDL-C and VLDL concentrations. There were no 

significant differences in glucose concentrations measured between both phases.

3.4.4 Red blood cell fatty acids

The results of the RBC fatty acid concentrations are presented in Table 9. and 

Table 10. There were no significant differences measured between treatments in 

saturated fatty acid levels (SFA), except for an increase in C15:0 (day 28 P = 0.01 and 

percent change P = 0.01) and C24:0 (day 28 P = 0.01) levels after consumption of the 

control treatment when compared to the hemp treatment. As expected, there was a 

significant increase in C18:3n3 (ALA) (day 28 P = 0.01 and percent change P = <0.01) 

and C20:5n3 (EPA) (day 28 P = 0.02 and percent change P = <0.01) levels after 

consumption of the hemp treatment when compared to the control treatment. Overall, 

the total n-3 PUFA, which includes C18:3n3, C18:4n3 (SDA), C20:3n3, C20:5n3, 

C22:6n3 (DHA) and the n-3 index, did not show a significant difference between the 

treatments when comparing day 28 and percent change. C22:5n3 showed no significant 

differences when comparing day 28 of each treatment but showed a significant increase 
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in percent change during the hemp phase (percent change P < 0.02). There was an 

increase in C20:3n3 level after the consumption of the control treatment when 

comparing day 28 of each phase (day 28 P < 0.05), however, there were no significant 

changes seen in percent change. This may correlate with findings that after 

consumption of the control treatment, the omega-3 index was slightly higher when 

compared to the hemp treatment   when comparing results from day 28 (hemp 4.6% 

versus control 4.7%). However, there was no significant difference in the n-6 to n-3 ratio 

or total PUFA levels. Additionally, C20:3n6 (dihomo-gamma linolenic acid, dGLA) levels 

increased (day 28 P < 0.05) after consumption of the hemp treatment but no differences 

where found in percent change. C20:4n6 found no significant findings when comparing 

day 28 results of each phases but showed significant differences in percent change 

results (percent change P < 0.04) during the hemp phase. There were no other 

significant differences in n-6 PUFAs between treatment groups. Interestingly, there were 

no significant differences between treatments in monounsaturated fatty acid levels 

(MUFA), except for an increase in levels of C24:1 (day 28 P = 0.02) when comparing 

day 28 results of both phases after the consumption of the soy treatment.

3.4.5 Plasma fatty acids

Results for plasma fatty acid concentrations are presented in Table 11. and 

Table 12. No significant differences were observed between the hemp treatment and 

control treatment in total SFA. Nor were significant differences seen between the groups 

for individual SFA which includes C10:0, C12:0, C14:0, C15:0, C16:0, C18:0, C20:0. 

Interestingly, no significant differences were observed between the hemp treatment and 



�35

control treatment in total MUFAs, as well as individual MUFAs including C14:1, C17:1, 

C18:1, C20:1, C22:1, with the exception of C16:1 showing significant differences in 

percent change (percent change P = 0.04) but no significant findings when comparing 

day 28 of each phase. Overall, after the consumption of the hemp treatment, significant 

differences in total PUFAs (day 28 P = 0.01 and percent change P = 0.04), as well as 

n-6 PUFAs (day 28 P = 0.03) were observed. N-6 PUFAs including C18:3n6 (GLA) (P < 

0.05) and C20:3n6 (P < 0.05) also showed a significant decline after consumption of the 

hemp treatment, however, the remaining n-6 PUFAs showed no differences between 

treatments (C18:2n6 (LA), C20:2n6, C20:4n6 and C22:4n6). The overall n-6 to n-3 ratio 

showed no significant difference. Total n-3 PUFAs showed no significant differences 

between the two treatments and there were no significant differences amongst 

individual n-3 PUFAs (C20:5n3, C22:5n3 and C22:6n3), with the exception of a 

significant increase in C18:3n3 (P < 0.05) after the hemp treatment.

3.5 DISCUSSION
The present trial is the first free living clinical study designed to specifically target 

potential health benefits from consumption of hempseed oil and hulled hemp seeds. 

Interestingly, the RBC and plasma concentrations revealed after the consumption of 

hempseed oil and hulled hemp seeds, there were significant changes in the fatty acid 

profiles. In the RBC data, there was an improvement in C20:5n3 (EPA), C18:3n3 (ALA) 

and C20:3n6, (DGLA) levels after consumption of the hemp treatment. RBCs reflect the 

long term lipid storage throughout the body. Increases were seen in ALA in both the 

RBC and plasma which was not unexpected, as the hemp oil contains such high levels 
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of ALA (~20%). This also confirms participants’ compliance during the study. ALAs 

conversion pathway’s final conversion step is into EPA. After the hemp treatment, there 

were also significant increases in EPA but not DHA levels. Also, there were significant 

increases in DGLA in both the RBC and plasma fatty acid data, which is the fatty acid 

GLA is converted into during the ALA conversion into EPA (Arab et al, 2003). These 

results show that C18:3n6 (GLA), which manifested significant increases after the hemp 

treatment within the plasma fatty acid data, may have been converted into DGLA before 

being stored within the RBC. 

Overall, no improvements in the RBC n-3 index or in the RBC and plasma fatty 

acid n-6:n-3 ratio were seen after hemp consumption. The plasma fatty acid revealed a 

significant increase in the n-6 PUFA concentrations after the hemp treatment; this was a 

result from the improvement in GLA and DGLA. Additionally, the plasma fatty acid profile 

showed significant increases in total PUFAs concentrations after the hemp treatment. 

The DEXA scans performed at the beginning and end of each phase did not reveal any 

changes in lean muscle to body fat ratios amongst participants.

Blood pressure and arterial stiffness showed no significant differences between 

the hemp and control group. However, research has shown that LA consumption may 

lower blood pressure. A previous study conducted, had participants consume four, 23 g 

servings/d of LA (Rodriguez-Leyva et al., 2010). The study revealed that blood pressure 

was lowered after a 4 wk intervention period (Rodriguez-Leyva et al., 2010). Hemp 

contains high levels of LA (approximately 55%) and other EFAs but LA was not targeted 

as an individual fatty acid to examine. Another possibility may be that since soy contains 

high levels of LA (approximately 53%), both treatments may have had similar impacts. 
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Blood serum lipid and glucose concentrations in response to hemp feeding 

revealed similar findings to previous research in that no changes were seen after the 

consumption of the hemp treatment. These results may be due to the short length of the 

study. Perhaps, if the present trial went beyond 28 days of consuming the hemp 

treatment there may have been significant changes in TC, TG, HDL, LDL or glucose 

levels.

3.6 CONCLUSION 

Overall, the present study has shown that after a 4 wk period of consuming 

hulled hempseed and hemp oil in healthy, overweight individuals, improvements in ALA, 

GLA, DGLA and EPA levels in RBC and plasma concentrations within the body were 

observed. The study did not, however, show any changes in BMI, blood pressure, 

arterial stiffness or body composition. Nor did the study reveal any changes in the 

serum lipids, including TG, TC, LDL-C or HDL-C levels. Due to the rise in EFAs, this 

research shows the importance of diet and the role it plays on health. This discovery will 

hopefully lead into further investigations into the potential health benefits that hemp may 

have on risk factors associated with CVD.
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Table 1. Salad dressing recipe for hemp and control treatment 

Ingredients 1 day portion (grams) 7 day portion / week supply (grams)

Balsamic vinegar 11 77

Chopped, dried parsley 
flakes

0.5 3.5

Fresh lemon juice 6 42

Chopped, fresh garlic 
cloves 

2.5 17.5

Crumbled, dried basil 0.5 3.5

Dried oregano 0.5 3.5

Salt 0.5 3.5

Pepper 0.3 2.1

Hempseed oil or 
soybean oil

30 210

Total 51.8 362.6



�39

Table 2. Fatty acid profile of hempseed oil and soybean oil

Hemp Soy

SFA 9.93 15.4

 C12:0 0.02 ND

 C14:0 0.04 0.08

 C15:0 0.02 0.04

 C16:0 6.5 10.8

 C18:0 1.96 3.78

 C20:0 0.86 0.32

MUFA 9.61 23.9

 C14:1n-9 0.01 0.01

 C16:1n-7 0.12 0.1

 C17:1n-7 0.02 0.06

 C18:1n-9 9.02 23.5

 C20:1n-11 0.43 0.25

 C22:1n-13 ND ND

PUFA 79 60.7

C18:2n-6 55.7 53

 C18:3n-6 4.53 0.561

 C18:3n-3 18.2 6.89

 C18:4n-3 1.5 ND

C20:2n-6 0.07 0.03

 C20:3n-6 0.01 ND

 C20:4n-6 ND ND

C20:5n-3 ND ND

C22:4n-6 0.15 ND

 C22:5n-3 ND ND

 C22:6n-3 ND 0.12

n-6 PUFA 60.7 53.6
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Fatty acid values are based on averages between two samples.
ND= Non-detectable

Table 3. Macronutrients of hulled hempseed and sesame seeds

Macronutrient information obtained through COVANCE, a third party lab. Certificate of Analysis 
provided in Appendix Three.

n-3 PUFA 18.2 7.04

n-6:n-3 Ratio 3.33 7.63

Hulled hempseed (per 30 g serving) Sesame seeds with lentil flakes (per 
30 g serving)

Calories (Kcal) 172 191

Calories from Fat (Kcal) 119 144

Fat (g) 13.3 16

Total Carbohydrates (g) 3.54 4.2

Total Dietary Fibre (g) 0.78 2.45

Protein (g) 9.69 7.5
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Table 4. Baseline characteristics

Values are expressed as mean ± SE

 

       Mean

Age (yr) 49.23 ± 14.52

Weight (kg) 84.27 ± 12.92

BMI (kg/m2) 28.94 ± 2.9

Waist circumference (cm) 97.97 ± 12.8

Systolic pressure (mmHg) 120.37 ± 16.28

Diastolic pressure (mmHg) 78.60 ± 9.48

Glucose (mmol/L) 5.43 ± 0.56

Cholesterol (mmol/L) 5.14 ± 1.08

Triglycerides (mmol/L) 1.31 ± 0.65

dHDL (mmol/L) 1.41 ± 0.33

LDL (mmol/L) 3.14 ± 0.95

VLDL (mg/dL) 23.17 ± 11.56
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Table 5. BMI, blood pressure, arterial stiffness and DEXA on day 28 after start of 
hemp and control treatment

Values are expressed as mean ± SE
mean ± SE after hemp treatment consumption and mean ± SE after control treatment 
consumption are compared using ANOVA 
P Values less than 0.05 have significant findings between the two treatments

Hemp Soy P Value

BMI (kg/m2) 29.29 ± 0.54 29.07 ± 0.54 0.13

Blood Pressure

 Systolic (mmHg) 120.77 ± 3.16 124.51 ± 3.16 0.28

 Diastolic (mmHg) 80.29 ± 1.62 80.2 ± 1.62 0.95

Arterial Stiffness

 Augmentation Index 75% 17.87 ± 2.68 14.95 ± 2.69 0.25

 Pulse Wave Velocity (m 
s(-1))

9.33 ± 1.57 7.29 ± 1.58 0.38

DEXA

 Visceral Fat (lbs) 2.94 ± 0.26 2.76 ± 0.26 0.09

 Lean Muscle (lbs) 68.62 ± 2.68 67.52 ± 2.68 0.43

 Fat (lbs) 60.09 ± 0.83 60.29 ± 0.83 0.13

Total Body Weight (kg) 86.05 ± 1.79 85.28 ± 1.79 0.08
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Table 6. Percent change of BMI, blood pressure, arterial stiffness and DEXA from 
before and after consumption of hemp and control treatment

Values are expressed as mean ± SE
mean ± SE percent change of Day 1 to Day 28 of hemp treatment and mean ± SE percent 
change of Day 1 to Day 28 of control treatment are compared using ANOVA 
P Values less than 0.05 have significant findings between the two treatments

Hemp Soy P Value

BMI (kg/m2) 0.31 ± 0.33 -0.12 ± 0.33 0.37

Blood Pressure

 Systolic (mmHg) -34.21 ± 0.84 -33.54 ± 0.84 0.44

 Diastolic (mmHg) -33.36 ± 1.07 -34.85 ± 1.07 0.29

Arterial Stiffness

 Augmentation Index 75% 32.79 ± 52.19 57.18 ± 58.32 0.8

 Pulse Wave Velocity (m 
s(-1))

37.54 ± 30.51 -4.29 ± 34.98 0.38

DEXA

 Visceral Fat (lbs) 4.81 ± 4.33 2.07 ± 4.33 0.67

 Lean Muscle (lbs) 0.01 ± 0.53 -0.81 ± 0.53 0.31

 Fat (lbs) 0.98 ± 0.54 0.27 ± 0.54 0.37

Total Body Weight (kg) 0.26 ± 0.32 -0.12 ± 0.32 0.38
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Table 7. Serum lipid analysis and glucose concentrations on day 28 after start of 

hemp and control treatments

Values are expressed as mean ± SE
mean ± SE after hemp treatment consumption and mean ± SE after control treatment 
consumption are compared using ANOVA 
P Values less than 0.05 have significant findings between the two treatments

Table 8. Percent change of serum lipid analysis and glucose concentrations from 
before and after consumption of hemp and control treatment

Values are expressed as mean ± SE
mean ± SE percent change of Day 1 to Day 28 of hemp treatment and mean ± SE percent 
change of Day 1 to Day 28 of control treatment are compared using ANOVA 
P Values less than 0.05 have significant findings between the two treatments

Hemp Soy P Value

Glucose (mmol/L) 5.4 ± 0.11 5.31 ± 0.11 0.42

Total Cholesterol (mmol/L) 5.03 ± 0.2 5.13 ± 0.2 0.24

Triglyceride (mmol/L) 1.27 ± 0.14 1.16 ± 0.14 0.15

HDL (mmol/L) 1.39 ± 0.05 1.43 ± 0.05 0.06

LDL (mmol/L) 3.06 ± 0.17 3.17 ± 0.17 0.11

VLDL (mmol/L) 22.4 ± 2.45 20.44 ± 2.47 0.17

Hemp Soy P Value

Glucose (mmol/L) 1.63 ± 1.91 -1.34 ± 1.91 0.28

Total Cholesterol (mmol/L) -4.1 ± 1.83 -2.99 ± 1.83 0.7

Triglyceride (mmol/L) -8.05 ± 5.62 -7.46 ± 5.62 0.91

HDL (mmol/L) 0.79 ± 1.81 3.05 ± 1.81 0.39

LDL (mmol/L) -4.74 ± 3.01 -4.31 ± 3.01 0.93

VLDL (mmol/L) -8.97 ± 5.81 -7 ± 5.81 0.72
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Table 9. RBC fatty acid concentrations on day 28 after start of hemp and control 
treatment

Hemp Control P Value

SFA 42.6 ± 0.29 42.9 ± 0.29 0.5

 C10:0 0.03 ± 0.01 0.05 ± 0.01 0.53

 C12:0 0.07 ± 0.04 0.02 ± 0.04 0.35

 C14:0 0.37 ± 0.07 0.42 ± 0.07 0.64

 C15:0 0.27 ± 0.03 0.35 ± 0.03 0.01

 C16:0 23.7 ± 0.23 23.9 ± 0.23 0.69

 C18:0 16.1 ± 0.23 16 ± 0.23 0.57

 C20:0 0.18 ± 0.02 0.2 ± 0.02 0.41

 C22:0 0.8 ± 0.05 0.79 ± 0.05 0.81

 C24:0 1.04 ± 0.09 1.28 ± 0.09 0.01

MUFA 16.6 ± 0.27 17 ± 0.27 0.19

 C14:1n-9 0.12 ± 0.02 0.1 ± 0.02 0.4

 C16:1n-7 0.78 ± 0.08 0.74 ± 0.08 0.72

 C17:1n-7 0.5 ± 0.06 0.5 ± 0.06 0.98

 C18:1n-9 12.8 ± 0.17 12.9 ± 0.17 0.35

 C18:1n-7 1.17 ± 0.04 1.16 ± 0.04 0.76

 C22:1n-13 0.03 ± 0 0.03 ± 0 0.96

 C24:1n-15 0.94 ± 0.08 1.17 ± 0.08 0.02

PUFA 40.8 ± 0.3 40 ± 0.3 0.08

 C18:2n-6 12.3 ± 0.21 12.5 ± 0.21 0.28

 C18:3n-6 0.09 ± 0.01 0.07 ± 0.01 0.17

 C18:3n-3 0.36 ± 0.02 0.27 ± 0.02 0.01

 C18:4n-3 0.59 ± 0.07 0.55 ± 0.07 0.62

 C20:2n-6 0.23 ± 0.01 0.23 ± 0.01 0.83

 C20:3n-6 1.83 ± 0.06 1.59 ± 0.06 <0.05

 C20:4n-6 14.9 ± 0.27 14.4 ± 0.27 0.11
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Values are expressed as mean ± SE
mean ± SE after hemp treatment consumption and mean ± SE after control treatment 
consumption are compared using ANOVA 
P Values less than 0.05 have significant findings between the two treatments

 C20:3n-3 0.08 ± 0.03 0.17 ± 0.03 <0.05

 C20:5n-3 0.78 ± 0.05 0.7 ± 0.05 0.02

 C22:2n-6 0.04 ± 0.01 0.03 ± 0.01 0.85

 C22:4n-6 2.94 ± 0.09 2.8 ± 0.09 0.12

 C22:5n-6 0.38 ± 0.02 0.399 ± 0.02 0.38

 C22:5n-3 2.47 ± 0.1 2.36 ± 0.1 0.13

 C22:6n-3 3.81 ± 0.18 3.99 ± 0.18 0.26

n-6 PUFA 32.7 ± 0.34 32 ± 0.34 0.09

n-3 PUFA 8.08 ± 0.21 8.01 ± 0.21 0.78

n-6:n-3 Ratio 4.13 ± 0.13 4.09 ± 0.13 0.77

n-3 Index 4.59 ± 0.2 4.69 ± 0.2 0.58
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Table 10. Percent change of RBC fatty acid concentrations from before and after 
consumption of hemp and control treatment

Hemp Control P Value

SFA 3.04 ± 0.96 3.82 ± 0.1 0.62

 C10:0 114.44 ± 0.51 168.06 ± 0.55 0.51

 C12:0 415.16 ± 259.98 61.64 ± 027.74 0.37

 C14:0 51.34 ± 33.05 61.99 ± 34.22 0.83

 C15:0 32.62 ± 19.62 105.61 ± 19.93 0.01

 C16:0 6.52 ± 1.88 6.1 ± 1.94 0.86

 C18:0 2.21 ± 1.45 0.73 ± 1.5 0.49

 C20:0 26.38 ± 11.98 22.43 ± 12.39 0.83

 C22:0 -2.02 ± 9.05 -3.42 ± 9.32 0.89

 C24:0 1.95 ± 10.54 3.17 ± 10.88 0.93

MUFA -8.23 ± 1.95 -4.75 ± 2 0.19

 C14:1n-9 66.42 ± 395.53 740.58 ± 409.57 0.25

 C16:1n-7 10.69 ± 16.46 12.87 ± 17.04 0.92

 C17:1n-7 36.38 ± 35.67 77.51 ± 36.92 0.41

 C18:1n-9 -7.41 ± 1.3 -4.97 ± 1.35 0.18

 C18:1n-7 -2.69 ± 4.73 -6.44 ± 4.9 0.61

 C22:1n-13 -2.91 ± 7.71 -9.2 ± 6.97 0.5

 C24:1n-15 -10.44 ± 9.18 -4.11 ± 9.49 0.6

PUFA 1.21 ± 1.02 -1.16 ± 1.05 0.09

 C18:2n-6 5.5 ± 1.99 7.96 ± 2.05 0.32

 C18:3n-6 33.47 ± 21.4 19.37 ± 22.15 0.67

 C18:3n-3 74.77 ± 11.62 6.45 ± 12.03 <0.05

 C18:4n-3 27.77 ± 31.54 55.84 ± 32.93 0.43

 C20:2n-6 20.95 ± 6.7 17.14 ± 6.94 0.69

 C20:3n-6 6.21 ± 3.16 -1.86 ± 3.27 0.1

 C20:4n-6 1.72 ± 1.95 -3.48 ± 2.02 0.04
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Values are expressed as mean ± SE
mean ± SE percent change of Day 1 to Day 28 of hemp treatment and mean ± SE percent 
change of Day 1 to Day 28 of control treatment are compared using ANOVA 
P Values less than 0.05 have significant findings between the two treatments

 C20:3n-3 1384.36 ± 921.13 2024.58 ± 892.68 0.49

 C20:5n-3 15.48 ± 8.54 -7.78 ± 8.7 <0.05

 C22:2n-6 69.32 ± 110.73 192.88 ± 99.77 0.41

 C22:4n-6 0.65 ± 11.99 16.26 ± 12.42 0.38

 C22:5n-6 91.5 ± 32.46 16.97 ± 34.08 0.1

 C22:5n-3 4.9 ± 3.61 -3.14 ± 3.69 0.02

 C22:6n-3 -5.78 ± 4.89 -4.97 ± 5.02 0.87

n-6 PUFA 2.7 ± 1.41 0.53 ± 1.45 0.21

n-3 PUFA -2.39 ± 3.01 -5.9 ± 3.1 0.29

n-6:n-3 Ratio 8.24 ± 3.96 10.35 ± 4.08 0.65

n-3 Index -3.72 ± 4.76 -5.98 ± 4.86 0.59
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Table 11. Plasma fatty acid concentrations on day 28 after start of hemp and 
control treatment

Hemp Control P Value

SFA 43.73 ± 0.84 45.14 ± 0.84 0.21

 C10:0 0.11 ± 0.04 0.06 ± 0.04 0.4

 C12:0 0.07 ± 0.01 0.08 ± 0.01 0.43

 C14:0 0.52 ± 0.03 0.54 ± 0.03 0.65

 C15:0 0.22 ± 0.01 0.21 ± 0.01 0.31

 C16:0 28.85 ± 0.82 30.6 ± 0.82 0.09

 C18:0 13.78 ± 0.31 13.52 ± 0.31 0.48

 C20:0 0.07 ± 0.01 0.06 ± 0.01 0.18

MUFA 14.61 ± 0.96 14.46 ± 0.96 0.9

 C14:1n-9 0.08 ± 0.03 0.04 ± 0.03 0.38

 C16:1n-7 1.92 ± 0.77 0.88 ± 0.77 0.35

 C17:1n-7 0.06 ± 0 0.06 ± 0 0.36

 C18:1n-9 12.42 ± 0.42 13.31 ± 0.42 0.08

 C20:1n-11 0.11 ± 0.07 0.19 ± 0.07 0.45

 C22:1n-13 0.7 ± 0.06 0.56 ± 0.06 0.08

PUFA 41.79 ± 0.45 40.48 ± 0.45 0.01

 C18:2n-6 24.59 ± 0.46 24.63 ± 0.46 0.95

 C18:3n-6 0.2 ± 0.02 0.08 ± 0.02 <0.05

 C18:3n-3 0.7 ± 0.05 0.49 ± 0.05 <0.05

 C18:4n-3 0.05 ± 0 0.05 ± 0 0.41

 C20:2n-6 0.19 ± 0.01 0.2 ± 0.01 0.81

 C20:3n-6 3.26 ± 0.13 2.46 ± 0.13 < 0.05

 C20:4n-6 9.22 ± 0.29 8.74 ± 0.29 0.06

 C20:5n-3 0.34 ± 0.32 0.18 ± 0.3 0.76

 C22:4n-6 0.16 ± 0.02 0.2 ± 0.02 0.08

 C22:5n-3 0.61 ± 0.05 0.61 ± 0.05 0.98

 C22:6n-3 2.16 ± 0.13 2.38 ± 0.13 0.17
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Values are expressed as mean ± SE
mean ± SE after hemp treatment consumption and mean ± SE after control treatment 
consumption are compared using ANOVA 
P Values less than 0.05 have significant findings between the two treatments

n-6 PUFA 37.62 ± 0.44 36.52 ± 0.44 0.03

n-3 PUFA 4.17 ± 0.19 3.96 ± 0.19 0.39

n-6:n-3 Ratio 10.68 ± 1.39 10.26 ± 1.39 0.84
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Table 12. Percent change of plasma fatty acid concentrations from before and 
after consumption of hemp and control treatment

Hemp Control P Value

SFA 0.83 ± 4.48 6.66 ± 4.48 0.39

 C10:0 76.45 ± 74.91 -5.05 ± 73.66 0.45

 C12:0 97.52 ± 57.35 9.37 ± 57.24 0.31

 C14:0 5.31 ± 6.92 2.37 ± 6.92 0.76

 C15:0 9.56 ± 8.65 -3.57 ± 8.58 0.33

 C16:0 -1.77 ± 70.24 98 ± 70.24 0.33

 C18:0 32.66 ± 22.17 5.75 ± 22.17 0.4

 C20:0 21.11 ± 20.25 2.78 ± 21.66 0.43

MUFA -14.38 ± 3.8 -12.02 ± 3.8 0.68

 C14:1n-9 113.29 ± 42.02 32.93 ± 44.36 0.23

 C16:1n-7 -0.47 ± 10.21 -25.55 ± 10.21 0.04

 C17:1n-7 -72.89 ± 101.57 59.08 ± 101.57 0.52

 C18:1n-9 -9.58 ± 2.94 -4.29 ± 2.94 0.21

 C20:1n-11 -7.82 ± 86.33 69.68 ± 87.47 0.54

 C22:1n-13 4.13 ± 9.63 -23.7 ± 9.63 <0.05

PUFA 7.61 ± 1.56 4.03 ± 1.56 0.04

 C18:2n-6 14.12 ± 2.83 17.7 ± 2.83 0.38

 C18:3n-6 162.8 ± 40.92 -19.44 ± 40.92 <0.05

 C18:3n-3 115.82 ± 48.61 88.67 ± 48.61 0.72

 C18:4n-3 38.82 ± 103.93 186.68 ± 103.93 0.33

 C20:2n-6 9.16 ± 9.04 0.01 ± 9.24 0.5

 C20:3n-6 16.94 ± 41.34 49.04 ± 41.34 0.59

 C20:4n-6 3.93 ± 88.35 119.29 ± 88.35 0.36

 C22:4n-6 -22.69 ± 8.51 -26.83 ± 8.97 0.72

 C22:5n-3 -3.07 ± 9.99 -23.89 ± 9.99 0.17

 C22:6n-3 -19.18 ± 5.16 -15.35 ± 5.47 0.63
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Values are expressed as mean ± SE
mean ± SE percent change of Day 1 to Day 28 of hemp treatment and mean ± SE percent 
change of Day 1 to Day 28 of control treatment are compared using ANOVA 
P Values less than 0.05 have significant findings between the two treatments

n-6 PUFA 10.31 ± 1.69 7.69 ± 1.69 0.25

n-3 PUFA -0.55 ± 6.52 -16.68 ± 6.52 0.15

n-6:n-3 Ratio 51.23 ± 23.03 45.71 ± 23.03 0.87
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CHAPTER FOUR

CONCLUSION 

4.1 SUMMARY AND IMPLICATIONS

The present study showed consistency with previous research that the fatty acid 

composition of hempseed oil and hulled hempseed can be used to increase 

concentrations of ALA, GLA, DGLA and EPA within the body through dietary 

consumption. Hempseed is high in EFAs such as ALA, LA and SDA that can be 

converted within the body into EPA. After the consumption of the hemp treatment, there 

were increases in ALA, EPA and dGLA in the RBC. Additionally, plasma levels showed 

increases in ALA levels. The present study did not, however, show that the consumption 

of the hemp treatment improved serum lipids, including TC, TG, LDL-C or HDL-C or 

glucose concentrations. Nor were differences in BMI, lean muscle or body fat observed. 

Also, no changes were observed in blood pressure or arterial stiffness. The present 

study provides evidence that dietary consumption of nutrient rich foods and EFAs will 

help improve the overall nutrition of individuals.

4.2 LIMITATIONS AND FUTURE DIRECTIONS

Overall, the present study was an excellent stepping stone into the discovery of 

hempseed oil and hulled hemp seed health benefits. The study revealed an adequate 

dosage of treatment of 30 ml/d of hempseed oil and two, 30 g sachets of hempseeds. 

This dosage was sufficient to see changes in the fatty acid profile in both the RBC and 

plasma concentrations, as well as ease of incorporating into daily dietary consumption. 
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A limitation to the present study may be that the length of the interventions 

phases may not have been long enough to see optimal efficacy. There was enough time 

to detect changes within the RBC and plasma levels, but not enough time to detect 

changes within the body including BMI, blood pressure, arterial stiffness, serum lipids 

(TC, TG, LDL-C and HDL-C) or glucose concentrations. 

Another limitation of the present study may include the diverse participant group. 

Future studies should consider narrowing the age range and focusing on target age 

groups. Also, the free living aspect of the study may be another limitation. There was no 

control over what participants consumed outside of the RCFFN, consciously or 

unconsciously. A future study may want to consider a full feeding trial to have complete 

control over the participants’ diet and if not provide a full feeding trial then ensure 

compliance by examining the final results. If the participants are consuming a product 

high in specific fatty acids, then the participants’ RBC and plasma concentrations should 

depict these values.

4.3 FINAL CONCLUSION

Cardiovascular disease is one of the leading causes of death in North America. 

Research has suggested that PUFAs may reduce some of the potential risk factors 

related to CVD. As a result of industrial hemp being banned in Canada, research into 

the potentially nutritional plant products such as hemp has been limited. Hemp contains 

high levels of SDA, GLA, ALA and LA which all assist in the ALA conversion pathway 

into EPA and DHA. This discovery will hopefully lead to further investigations into the 

potential health benefits that hemp may have on risk factors associated with CVD.
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APPENDIX TWO

CORRESPONDING FORMS FOR HEMP STUDY

ADVERTISEMENT FOR HEMP STUDY
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STUDY CONSENT FORMS

RCFFN preliminary trial screening consent 

You have expressed an interest in participating in a study at the Richardson Center for Functional 
Foods and Nutraceuticals (RCFFN). You have been invited to have your health assessed to 
determine if you meet the requirements of the study. 

The clinical coordinator team will assess your cholesterol level, medical history, body 
measurements, and your availability over the next 2 years. Depending on your results you will be 
offered the opportunity to participate in a study. 

To allow the necessary information to be obtained, you agree to provide fasting blood samples 
(approximately 10 ml or 2 teaspoons) for the measurement of blood cholesterol, blood glucose 
and other biomarkers. 

Prior to taking part in any study, you will be given the specific study consent form to read and 
sign if you are still interested in participating. 

The blood is taken from a vein in the forearm, as is usually done during a blood test. Some 
known risks, although rare, are associated with placing a needle into a vein. These include the 
possibility of infection, perforation or penetration of the needle through the vein, and bleeding, 
pain, or bruising at the site. 

I understand I can withdraw from this process at any time at my discretion. 

                                          
Participant’s Signature         Participant’s Name (please print)                 Date   

                               
Investigator’s Signature        Investigator’s Name (please print)              Date  
(or Clinical Coordinator)        (position) 
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WAYS TO INCORPORATE YOUR SEEDS HANDOUT
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APPENDIX THREE

ADDITIONAL DOCUMENTS FOR HEMP STUDY
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