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ABSTRACT 

The objective of this study was to examine the effects of plant sterols and/or 

glucomannan on lipid profiles and cholesterol kinetics in hyperlipidemic 

individuals with or without type 2 diabetes. It was hypothesized that plant sterols 

and glucomannan reduce circulating cholesterol levels and may have an additive 

or synergistic effect when combined by reducing cholesterol absorption. Thirteen 

type 2 diabetics and sixteen non-diabetics ail mildly hypercholesterolemic free 

living subjects participated in a randomized crossover trial consisting of 4 phases, 

21 days each. Subjects consumed plant sterols and glucomannan during the trial. 

Overall reductions in total and LDL-cholesterollevels were greater (P<O.05) after 

consumption of the combination supplement. Effects of supplements were not 

different between diabetics and non-diabetics. No significant changes were 

observed in cholesterol absorption or synthesis in both diabetics and non­

diabetics. The intake of plant sterols and glucomannan together may be an 

alternative approach in reducing blood cholesterol levels. 
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RÈSUMÈ 

Cette étude a pour objectif d'examiner les effets des stérols de plantes et du 

glucomannan sur le profile lipidique ainsi que le métabolisme du cholestérol chez 

les individus hypocholestérolémiques manifestant ou non un diabète de type 2. 

D'après notre hypothèse, les stérols de plantes et le glucomannan réduisent le 

taux de cholestérol sanguin et leur combinaison est associée à une synergie de 

leurs actions respectives sur l'absorption du cholestérol. Treize sujets 

diabétiques ont participé a cette étude de type croisé, incluant 4 phases de 21 

jours chacune. La réduction du taux de cholestérol sanguin observée suite à la 

consommation du traitement combiné était supérieure (P<O.05) à celle observée 

suite à la consommation des stérols de plantes ou du glucomannan administré 

individuellement. Aucune différence significative n'a été observée au niveau de 

l'absorption et de la synthèse du cholestérol à la suite des trois traitements, aussi 

bien chez les sujets diabétiques que non- diabétiques. Nous concluons qu'une 

combinaison de stérols de plantes et de glucomannan pourrait être considérée 

comme une alternative thérapeutique pour la réduction du taux de cholestérol 

sanguin. 

4 



ACKNOWLEDGMENTS 

1 would like to express my gratitude to my supervisor Dr. Peter Jones, for allowing 

me to learn from his wealth of knowledge and giving me the opportunity to 

expand and develop a new area in my quest for knowledge. 1 would like to thank 

Dr. Jones for his encouragement and moral support as weil as his trust and faith 

in my abilities that have no doubt boosted my confidence and helped me learn 

problem solving through different approaches. 

1 wish to thank my committee members Dr. Kubow for his advice and help. Dr. 

Kermasha for the lovely chats we had that not only guided and helped me during 

my studies but were also enlightening for future work. 

1 would like to extend my gratitude also to ail members of the department of 

Dietetics and Human Nutrition. Especially Lise Grant who made me like the place 

before 1 saw it through her emails and made me like it even more through ail the 

help and direction she provided with a smile, no matter how busy she was. 

Special thanks go to Dr.Gray-Donald, Dr.Starkey, Dr.Thibault and Dr. Koski for 

their guidance and sincere ad vice throughout my journey at McGill. 

Many thanks go to my lab mates who shared their experience with me; it was a 

pleasure working with you guys. Special thanks go to my new buddies Romaina 

and Suhad, who stood by me, shared their knowledge and thoughts. 1 am 

honored to have you as friends and hope to stay friends forever. Marie Rached 

5 



and AUB girls, you'II always be unique, weil, no less is expected from AUB 

graduates! Helen, Catherine Roynette and Ali thanks for being there for me. 

Friends and colleagues in Kuwait and Lebanon, you don't know to what extent 

your support and care helped me pull through and gave me the extra charge to 

go on. You will always be in my heart. Aunt Naeemah, 1 can never thank you 

enough for your support and presence in my lite. 

Adib, your support and care meant the world to me, 1 am glad we were able to 

reconnect and make up for ail the lost time. Reem thanks for your support and 

love. Bader and Nada the only drawback of getting my Masters is being away 

trom you, you make lite worth living. 

Last but not least, Mom and Dad; no words can ever express my love, gratitude 

and appreciation. Every achievement or success in my life is because of ail the 

values you brought me up by, your encouragement, your faith in me and your 

unconditional love. 1 dedicate my thesis to you. Thank you very much. 

6 



TABLE OF CONTENTS 

Abstract.................................................................................... 3 

Résumé.................................................................................... 4 

Acknowledgments........................................................................ 5 

Table of Contents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

List of Tables.............................................................................. 9 

Contribution of Authors................................................................. 10 

Chapter 1. Introduction...................................................... .... ..... 11 

Chapter 2. Literature Review....................................................... 13 

2.1. Plant sterol............................................................. 13 

2.1.1. Plant sterol as cholesterol lowering agents............. 13 

2.1.2. Plant sterol and mechanism of action..................... 14 

2.1.3. Plant sterol formulation....................................... 16 

2.1.4. Plant sterol additive effect.................................... 17 

2.1.4.1. Plant sterol with lipid lowering drugs........... 17 

2.1.4.2. Plant sterol with viscous fiber.................... 19 

2.1.5. Plant sterol and diabetes...................................... 20 

2.1.6. Plant sterol safety...................................... .......... 20 

7 



2.2. Glucomannan..................................................... ........ 24 

2.2.1. Glucomannan and glycemic index.......................... 24 

2.2.2. Glucomannan and plasma lipids............................ 25 

2.2.3. Possible mechanism of action of glucomannan.......... 26 

2.2.4. Side effects of glucomannan.................................. 27 

Rationale.................................................................................. 28 

Hypothesis .............................................................................. 29 

Objectives......... ...... ... ... ........................ ...... ... ...... ... ................ 30 

Chapter 3. Manuscript................................................................ 31 

Effects of plant sterols and glucomannan on parameters of 

cholesterol kinetics in hyperlipidemic individuals with and 

without type 2 diabetes 

3.1 . Abstract....................................................................... 33 

3.2. Introduction..... ... ........ .... ....... ... ......... ......... ... ... ... ...... ... 35 

3.3. Experimental design and methods.................................... 36 

3.4. Results........................................................................ 42 

3.5 Discussion.................................................................... 47 

General Summary and Conclusions...... ............ ...... ........................ 57 

Bibliography............................................................................. 60 

Append ices........................ ...... .................................. .. ... .......... 80 

8 



LIST OF TABLES 

Chapter 3. Manuscript 

Table1. Baseline characteristics of subjects ............................. 

Table 2. Plasma lipid concentrations at day 0 and day 21 of each 

treatment period ........................................................ 

Table 3. Plasma-non-cholesterol concentrations at day 0 and day 

21 of each treatment period ....................................... 

Table 4. 07 enrichment as an indicator of absorption and 

fractional synthesis for ail subjects for each dietary 

period .................................................................... 

Table 5. 07 enrichment as an indicator of absorption and 

fractional synthesis for subgroup (A) subjects for each 

dietary period ........................................................ . 

51 

52 

54 

55 

56 

9 



CONTRIBUTION OF AUTHORS 

The author of this manuscript was responsible for collection and analyses of 

cholesterol absorption and synthesis which represent the major component of 

this manuscript. Cholesterol absorption and synthesis analysis is a multistep 

procedure that involves extraction, distillation, combustion and use of 

spectrometry in addition to plasma and standards preparation. The author also 

was responsible for the statistical analysis and writing the manuscript. Initially, the 

clinical trial was conducted by a former MSc. student of McGiII, Makiko Yoshida, 

who was investigating the effects of the supplements on lipid profiles and plasma 

non-cholesterol sterols as weil as the effects of the dietary treatments on insulin, 

fructosamine and oral glucose tolerance test. Her data were submitted in a 

separate manuscript and accepted in the European Journal of Clinical Nutrition. 

Dr. Peter Jones was the principal investigator for the study. He provided the 

initial structure and supervised ail components of the research. Dr. Jones also 

assisted with the preparation of the manuscript. 

10 



CHAPTER 1. 

INTRODUCTION 

Oiseases of the circulatory system account for an appreciable proportion of 

morbidity and mortality worldwide (Jackson and Lovegrove, 2002). Coronary 

heart disease (CHO) is a multifactorial condition which has no one single cause; 

elevated low density lipoprotein (LOL)-cholesterol has been identified as one of 

the risk factors for developing CHO (Keys, 1970; Willet, 1994). Type 2 diabetes 

mellitus has been also identified as a risk factor for developing CHO (Kannel and 

McGee, 1978; Stamler et al, 1993). The risk of developing CHO ranges from 2-7 

fold higher in diabetic subjects compared to non-diabetics (Kannel and McGee, 

1978; Haffner et al, 1998). Type 2 diabetes is characterized by insulin resistance, 

impaired p cell function in the pancreas, elevation in total and LOL-cholesterol 

levels and a reduction in HOL-cholesterol (Selby et al, 1993; Haffner et al, 1998) 

concentrations. 

Scientists have been seeking alternative functional foods based remedies for 

reducing elevated levels of serum cholesterol and blood glucose in diabetic and 

non-diabetic individuals (Gylling and Miettinen, 1996; Lee et al, 2003) as a 

primary preventive measure to reduce CHO. 

Plant sterols have been long known for their LOL-cholesterollowering effect 

(Katan et al, 2003), safety of consumption of plant sterols has been established 

(Katan et al, 2003; Ostlund, 2004). Plant sterols have been successfully 

incorporated with spreads and other functional food forms (Perisee, 2005). 
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Glucomannan, a soluble fiber obtained from tubers of Amphophallus Konjac, has 

been accepted as both a hypocholesterolemic and hypoglycemic agent (Vuksan 

et al, 2000; McCarty, 2002; Chen et al, 2003). The mechanism by which 

glucomannan is believed to operate is by slowing digestion and absorption rate of 

glucose (Doi, 1995), which may lead to a reduction in hepatic synthesis of 

cholesterol via reduction in insulin secretion (Rodwell et al, 1976). 

Combining plant sterols and glucomannan in one dietary supplement may exert 

a more pote nt effect in reducing LDL-cholesterol as weil as improving the 

glycemic index. Accordingly, aims of the current study are: 

1. Assessment of the effects of plant sterols and glucomannan on lipid levels 

in hypercholesterolemic individuals with type 2 diabetes versus 

hypercholesterolemic non diabetic individuals. 

2. Assessment of whether cholesterol absorption, synthesis and turnover are 

altered in hypercholesterolemic individuals with type 2 diabetes versus 

weight matched controls. 

3. Determination of whether cholesterol absorption, synthesis and turnover 

respond to (a) 1.8 g/d of plant sterols, (b) 10 g/d glucomannans, or (c) a 

combination of the two, differently in hypercholesterolemic individuals with 

type 2 diabetes versus weight matched control individuals. 
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CHAPTER 2. 

LlTERATURE REVIEW 

2.1. PLANT STEROLS 

Plant sterols are plant-derived compounds that are structurally similar and 

functionally analogous to cholesterol in humans (Ostlund, 2002). Plant sterols 

differ from cholesterol by an extra ethyl or methyl group (Lichtenstein, 2002). 

Humans are incapable of synthesizing plant sterols, and they are poorly 

absorbed: campesterol is absorbed in a range of 10-15%, sitosteroI4-7%, and 

absorption of sitostanol, a hydrogenated sitosterol, is about 1%; whereas, 50% of 

cholesterol is absorbed in the intestinal lumen (Lichtenstein, 2002; Katan et al, 

2003; Miettinen et al, 2004; Ostlund, 2004). 

2.1.1. PLANT STEROLS AS CHOLESTEROL LOWERING AGENTS 

Sterols and stanols appear to be equally effective in reducing LDL-cholesterol 

whether used in the esterified or unesterfied form and given in doses of about 

2.5 9 per day (Vanstone et al, 2002; Katan et al, 2003; Ostlund, 2004). It has also 

been reported that plant stanols from natural sources, namely tall oil, possesses 

Iipid lowering effects even after short term consumption of 10 days; It is worth 

noting that tall oils had better lowering effect in subjects with higher cholesterol 

values versus normolipidemic individuals (Jones et al, 1998). 

Recent studies showed that smaller doses of plant sterols are effective in 

reducing blood cholesterol; doses of 0.83, 1.6 or 3.24 grams of plant sterols 

esters per day had indistinguishable lowering effects on LDL-cholesterol 
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(Hallikainan et al, 2000). Hallikainan et al (2000), who concluded that 1.6g of 

plant sterols per day resulted in a maximal LDL-Iowering and increasing the dose 

did not contribute much to further lowering of plasma lipids. In a meta-analysis 

conducted by Law (2000), it was found that 2 9 of plant sterols per day reduced 

LDL-cholesterol by 0.5 mmol/I for subjects aged from 50-59 years, and 0.4 mmol/I 

for those who aged 40-49 years. However, the greater reduction in blood 

cholesterol levels observed in older subjects is due to the fact that older subjects 

have a higher starting total cholesterollevels. 

Total daily plant sterol intake in most studies has been divided into 2 or 3 portions 

over the day. However, one study reported a similar reduction in LDL-cholesterol 

levels when 2.5g of plant sterols were given in a single lunch meal or given over 

3 meals per day (Plat et al, 2000). The finding of Plat et al (2000) study implies 

that the distribution of intake over the day may not be an important determinant of 

efficacy and mechanisms other than replacing cholesterol from mixed micelles for 

inhibiting cholesterol absorption may be in play (Katan et al, 2003). However, 

more studies are needed to test the efficacy of plant sterol when given as a single 

versus more frequent dose. 

2.1.2. PLANT STEROLS AND MECHANISM OF ACTION 

The primary mechanism by which plant sterols decrease total and LDL­

cholesterol is by reducing cholesterol absorption. Several studies have quantified 

the extent to which sterols (Heinemann et al, 1993; Jones et al, 2000; Vanstone 

et al, 2002) and stanols (Becker et al, 1993; Miettinen et al, 2000) inhibit intestinal 
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cholesterol absorption by about 30-50% in vivo using both direct and indirect 

techniques. This inhibition is partially, but not completely, compensated for by a 

reciprocal increase in cholesterol biosynthesis rate (Jones et al, 2000; Miettinen 

et al, 2000; Miettinen, 2001). Naturally occurring plant sterols in corn oil and 

wheat germ can reduce dietary cholesterol absorption as weil (Ostlund et al. 

2002; 2003). 

Originally, cholesterol absorption was believed to occur by passive diffusion 

assisted by the concentration gradient of free cholesterol created between the 

extra and intra cellular space (Wilson et al, 1994; Trautwein et al, 2003). 

Currently, it is evident that the mechanism involves a much more complex 

protein-mediated process. The environment of the intestinal lumen consists of an 

aqueous and oil phase. Cholesterol has to be incorporated into mixed micelles to 

be absorbed. Micelles are composed fatty acids, free and esterified cholesterol, 

bile salts and phospholipids. The cholesterol incorporation into the micelles 

enables it to cross the aqueous barrier of the intestinal lumen. Esterified 

cholesterol is then hydrolyzed into free cholesterol by pancreatic esterase. 

Enterocyte membrane proteins, such as scavenger receptor class B type 1 (SR­

BI) and cell cluster determinant antigen 36 (CD36) may facilitate cholesterol influx 

into the enterocyte (Werder et al, 2001). ATP binding cassette transporter G5 

(ABCG5) and G8 (ABCG8) are transporters, which play a role in sterol 

homeostasis (Schmitz et al, 2001). The ABCG5/8 proteins pump sterols from the 

enterocyte back into the intestinal lumen, aiding in regulating sterol absorption 

(Lee et al, 2001; Schmitz et al, 2001; Gylling et al, 2004). Nonetheless, other 
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transporters may be more involved in this process and should be further 

investigated. 

Plant sterols are thought to prevent incorporation of free cholesterol into micelles 

by competing with cholesterol, thus, preventing esterification of free cholesterol 

into cholesterol ester (Ste-Onge & Jones, 2003; de Jong et al, 2003; Trautwien et 

al, 2003). Another mechanism by which plant sterols are thought to reduce 

cholesterol levels is through their effect on ABCG5/8 transporter. It has been 

reported that consumption of plant sterols may affect the blood cholesterol 

concentrations in individuals with genetic mutation of this protein (Berge et al, 

2000; Weggemans et al, 2002; Plat et al, 2004). However, studies are needed to 

investigate directly the effect of plant sterols on ABCG5/8 transporter as weil as 

on other proteins involved in cholesterol metabolism such as SR-BI and C036. 

2.1.3. PLANT STEROL FORMULATION 

Pure plant sterols have not shown a consistent effectiveness in lowering 

cholesterol absorption, this finding was attributed to its inert crystalline structure 

and limited solubility in both water and oil (Ostlund, 2004). Esterifying plant 

sterols increases their solubility when dissolved in fats such as margarine, salad 

dressing and butter (Katan et al, 2003). However, foods high in fat content may 

be of concern for hyperlipidemic subjects since they may add potential risk for 

developing CHO. As a consequence, scientists have tried to incorporate plant 

sterols into different low fat food products. In one study, 1 9 per day of plant 

stanols added to 0.7% fat yoghurt reduced LOL-cholesterol by 13.7% compared 
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to control after a 4-week period (Mensink et al, 2002). Interestingly, one study 

reported that the consumption of 1 .8g per day unesterified tall oil derived sterols 

p hytoste roi consumed for 4 weeks in a chocolate matrix significantly decreased 

plasma LDL-cholesterollevels by 10.3%, compared to control (de Graff et al, 

2002). 

Emulsification of unesterified plant sterols with lecithin in aqueous dispersion has 

been a second alterative that enables the incorporation of plant sterols in low fat 

or fat free foods. It has been reported that lecithin-emulsified soy stanols given at 

1.9 9 per day in non-fat lemonade reduced LDL-cholesterol by 14% (Spillburg et 

al, 2003). Devaraj et al (2004) has also shown that sterol supplemented orange 

juice decreased total cholesterol and LDL-cholesterol by 7.2% and 12.4%, 

respectively, relative to control over a period of 8 weeks. Conversely no changes 

in changes in LDL-cholesterol were observed when tall oil plant sterols were 

added to low-fat and fat free beverages (Jones et al, 2003). The difference 

between Jones et al (2003), Spillburg et al (2003) and Devaraj et al (2004) 

studies was the presence or absence of lecithin formulation and the degree of 

micellar phytosterol dispersion. Thus, further work is needed to develop improved 

manufacturing criteria for better clinical outcomes. 

2.1.4. PLANT STEROL ADDITITVE EFFECT 

2.1.4.1. PLANT STEROL WITH LlPID LOWERING DRUGS 

Blair et al (2000) compared the effect of 5.1 9 plant stanol ester spreads per day 

with placebo spreads given t0167 subjects on stable doses of statins, drugs that 
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reduce hepatic cholesterol synthesis, over 8 week period. The authors reported a 

17% reduction in LDL-cholesterol compared to a 10% reduction for the placebo 

group (Blair et al, 2000). Similar findings reported a 20% reduction in LDL­

cholesterol when 2.24g plant stanols were added to simvastatin therapy 

compared to 12% reduction in LDL-cholesterol for those who were not on 

simvastatin (Vuorio et al, 2000). Gylling et al (1996) also reported 44% reduction 

in LDL-cholesterol when 3g per day of plant stanol ester margarines were given 

along with 40 mg/day pravastatin therapy for 7 weeks compared to a 38% 

reduction in LDL-cholesterol for those who were on pravastatin, but were not 

consuming plant sterols. Sterols showed similar LDL-Iowering effect when added 

to statin therapy in an 8-week crossover trial (Neil and Miejer, 2001). Musner et al 

(2002) reported that subjects with higher dietary cholesterol, energy intake, total 

and saturated fat intake and higher or average baseline cholesterol absorption 

were better responders to plant sterol esters and statin therapy. Similar findings 

demonstrated that statin-treated individuals with a high baseline cholesterol 

absorption rate responded with improved LDL- cholesterollowering when stanol 

esters were added to their diets, whereas individuals with low baseline absorption 

did not (Gylling & Miettinen, 2002, Ostlund, 2004). It is quite evident now that 

adding plant sterols or stanols appears to be more effective th an doubling a statin 

dose. Doubling statins is known to produce an additional LDL-Iowering effect by 5 

-7% (Blair et al, 2000) compared to 13% reduction of LDL-cholesterol when 

statins are cou pied with plant sterols or stanols and a 67% reduction in LDL­

cholesterol levels when bile acid sequestrants are added together with plant 

sterols and statins (Gylling & Miettinen, 2002). It is reasonable to speculate that 
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plant sterols and hypocholesterolemic drugs when combined may have fewer 

side effects than doubling the drug therapy. 

2.1.4.2. PLANT STEROL WITH VISCOUS FIBER 

Investigating the efficacy of a combination of soluble fibers along with plant 

sterols in reducing LDL-cholesterol and whether they can achieve the same 

magnitude by which statins reduce LDL-cholesterol, Jenkins et al (2003) 

conducted a clinical trial where 13 subjects consumed a combination of 

1.2g/1000 kcal plant sterols, 16.2g/1 000 kcal soy protein, 8.3g/1000kcal viscous 

fiber from barley, oat, and psyllium, 16.6g/1000 kcal almonds with a low saturated 

fat diet, whereas the control group consumed a low saturated fat diet based on 

whole-wheat cereal and low-fat dairy foods. A 35% reduction of LDL-cholesterol 

was reported in the intervention diet to a 12.1 % in the control group. The 

investigators concluded that this combined diet might achieve LDL-cholesterol 

reductions similar to those achieved by statin therapy (Jenkins et al, 2003). 

Another double blind, controlled trial involving 112 subjects were randomized to 

one of 2 treatments; a low fat plus1.8g per day of free tall oil based plant sterol 

diet and a 2.8g per day of oat (3-glucan fiber versus a control diet for duration of 

six weeks was conducted. No reductions in LDL-cholesterol values for the control 

group were reported compared to a 3.7% reduction observed in the intervention 

group (Maki et al, 2003). 

19 



2.1.5. PLANT STEROL AND DIABETES 

Increased cholesterol synthesis and decreased cholesterol absorption has been 

reported in type 2 diabetic subjects (Simons et al, 2002) as weil as in insu lin­

resistant normoglycemic subjects (Pihlajamaki et al, 2004). In one study, Gylling 

et al (1996) reported a marked reduction in LDL-cholesterol (14%) for non-insu lin­

dependent diabetic subjects consumed plant stanol esters with an inhibition in 

cholesterol absorption of 68%. A second study involving 2 parallel groups of type 

2 diabetic subjects reported a 6.8% reduction in LDL-cholesterol after a 4 week 

consumption of the intervention diet of 1 .6g plant sterols compared to baseline 

(Lee et al, 2003). It is worth noting that the reduction of LDL-cholesterol became 

less significant compared to baseline or between the intervention and control 

group after 8 and 12 weeks of the clinical trial (Lee et al, 2003). Plant sterols may 

exert a good dietary therapeutic approach for insu lin resistant individuals and 

type 2 diabetic individuals since they reduce cholesterol absorption, however, 

long term effects may not be maintained. Further studies are needed to confirm 

these results. 

2.1.6. PLANT STEROL SAFETY 

The US Food and Drug Administration has accepted that plant sterol/ stanol 

esters are asserted to be generally recognized as safe (GRAS) by manufacturers. 

FDA has also authorized a claim that foods containing plant sterol/stanol esters 

may reduce the risk of coronary heart diseases (CHD) (Federal Register of 

September 8,2000 [65 FR 54686]) (Katan et al, 2003). Moreover, the Scientific 

Committee on Foods of the European Union concluded that plant sterol ester 
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margarine was safe for human use 

(http://europa.eu.int/comm/food/fs/sc/out65 en.pdf) (Katan et al, 2003). 

Since plant sterols reduce circulating LDL cholesterol levels, and these 

lipoproteins are considered vehicles that transport newly absorbed vitamins, 

concerns have been raised about the impact of plant sterols on fat-soluble 

vitamins. In 2 separate studies no significant effects were observed on circulating 

levels of vitamin K (Hendriks et al, 1999; Plat et al, 2000). Also, vitamin A (retinol) 

and vitam in D (calciferol) concentrations were unaffected on average by sterols 

and stanols (Katan et al, 2003). The effect of 1.5 and 3 g per day of 

microcrystalline plant sterols on circulating levels of retinol, a-tocopherol and a & 

J3-carotene were investigated; no significant reductions were reported 

(Christisnsen et al, 2001). Ha"ikainan et al (2000) also reported no changes in 

serum retinal, a and f3-catorine, and calciferol when plant stanol esters were 

given in different doses of 0, 0.8, 1.6, 2.4 and 3.2g per day for 4 weeks,however, 

Iycopene levels were significantly decreased in female subjects, whereas 

lycope ne levels did not significantly change in males. Although no significant 

effect on retinol and a-tocopherol were reported after a consumption of 2g per 

day plant sterols for 8 weeks, a significant increase in vitamin D levels (p=0.008) 

but not retinol and a-tocopherol, was observed (Vople et al, 2001). In one study 

where a total of 2.5g of plant stanol esters was consumed once or three times per 

day, it was reported that the sum of lipophilic hydrocarbon carotenoids was 

slightly, but not significantly lower, during the one dose treatment, and slightly 
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and significantly lower after the three dose per day regiment after normalizing the 

data to LDL-cholesterol levels (Plat et al, 2000). Additional recent studies 

reported that plant sterol esters reduced the bioavailability of 13-carotene and Q­

tocopherol more than did plant free sterols in normocholesterolemic men 

(Richelle et al, 2004), whereas Clifton et al (2004) reported that plasma 

carotenoids reduction was greater with higher intake of plant sterols and 

reduction was reduced with lower intake of plant sterols, however, the reduction 

in serum carotenoids was partially reversed by increased fruit and vegetable 

intake. In another study, it has been shown that baked goods supplemented with 

plant sterol esters; a-tocopherol and ~-carotene were able to reduce plasma LDL­

cholesterol while compensating for the potential deficiency of ~-carotene 

regardless of the time of the consumption (Quilez et al, 2003). A third study 

including 46 hyperlipidemic, free-living subjects who had undergone a 

randomized, double blinded 3-way clinical trial, consumed sterol free spread, 

2.3g sterol ester fortified spread and 2.5g plant stanol fortified spread or a control 

diet, for 3 weeks. During ail three interventions the subjects were advised to eat 

more than 5 servings of vegetables or fruits per day, of which at least 1 serving 

was to be carrots, sweet potatoes, pumpkins, tomatoes, apricots, spinach or 

broccoli. In this investigation, LDL-cholesterol values were reduced and 

carotenoid plasma concentrations were maintained (Noakes et al, 2002). 

Over the short term, the adverse effect of plant sterols on fat soluble vitamins and 

their precursors remains theoretical and does not have a public health concern 
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provided that people follow the guidelines regarding consumption of fruits and 

vegetables, namely five servings of fruits and vegetables one of which from f3-

carotene rich sources (Yankah et al, 2001). 

Despite the previously stated facts, caution is still needed as Sud hop et al (2002) 

reported that patients with family history of CHD who had undergone a bypass 

surgery had higher plasma plant sterol levels compared to similar patients with no 

family history of CHD. Whether this finding is attributed to toxicity of absorbed 

phytosterols or only a marker indicating that the individuals with family history of 

CHD have increased cholesterol and plant sterol absorption is yet to be 

determined (Ostlund, 2004). In one study, 0, 3, 6 and 9 grams of plant sterol 

esters were given to subjects in an 8 week clinical trial, with no side effects 

reported (Davidson et al, 2001). Hendriks et al (2003) followed up 185 healthy 

volunteers who consumed 1.6g of plant sterol esters for 1 year; the authors 

reported no side effects either. It is worth noting, however, that the stability of 

stanols and sterols for frying purposes has not been established yet (Katan et al, 

2003). 

To sum up, consumption of 2g per day of plant sterols has been almost 

unequivocally established as safe and effective in reducing LDL-cholesterol 

accompanied, with at least 1 serving of carotene rich source of fruits and 

vegetables, with almost no side effects. 
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2.2. GLUCOMANNAN 

Amorphophallus Konjac, known as glucomannan, is a tuber of oriental origin that 

has been used in Japan for over a thousand years and has recently been 

introduced to the western world. Glucomannan is a polysaccharide consisting of 

glucose and mannose in a ratio of 3:5 (McCarty, 2002). Glucomannan appears to 

have a greater potential th an other soluble fibers in lowering blood Iipids (Garcia 

et al, 1988; Vuksan et al, 1999; 2000), reducing weight (Vita et al, 1992), 

improving glycemic index (Wolever et al, 1988) in addition to treating childhood 

constipation (Loening-Baucke et al, 2004). It has been shown that 1% solutions 

of glucomannan are about ten-fold more viscous than comparable solutions of 

guar gum and over a hundred-fold more viscous th an pectin solutions which 

explains why glucomannan may exert more powerful clinical effects (Doi, 1995; 

Garcia et al, 1988). Although glucomannan is used traditionally in noodle form, it 

is characterized by being tasteless and odorless which enables its incorporation 

into different food forms savory or dessert to widen its use and consumption, it is 

also available commercially in a rubbery jelly form or biscuits as weil (Chen et al, 

2003). 

2.2.1. GLUCOMANNAN AND GL YCEMIC INDEX 

Glucomannan has shown a reducing effect on postprandial insulin surge as weil 

as a reduction of about 50% under the insulin curve (Doi, 1995; Hopman et al, 

1988). It is believed that the delay in gastric emptying as weil as the slowing in 

digesting and absorbing carbohydrates may account for the reduction in insu lin 

surge. Furthermore, Doi et al (1979) reported a reduction in fasting insu lin in type 
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2 diabetic individuals, when diet was supplemented with glucomannan. These 

findings were supported with two other recent studies. Glucomannan was given 

in a dose of 0.7g /100 kcal to 11 hypercholesterolemic, type 2 diabetics in a 2 

three week treatment, three weeks for glucomannan and 3 weeks for wheat bran 

biscuits that served as control diet (Vuksan et al, 1999). The authors concluded 

that adding glucomannan to diet may ameliorate glycemic control and lipid profile 

(Vuksan et al, 1999). A second study where 0.5g glucomannan/100 kcal was 

given to subjects with impaired glucose tolerance in a similar clinical study design, 

led to similar findings (Vuksan et al, 2000). 

2.2.2. GLUCOMANNAN AND PLASMA LlPIDS 

A meta-analysis was performed to compare the lipid lowering ability of different 

soluble dietary fibers form 67 controlled trials (Brown et al, 1999). The author 

concluded that soluble fiber, given in a dose ranging between 2-10g per day, had 

a significant but disappointingly small reduction in total and LDL-cholesterol. It is 

worth noting that this meta-analysis did not include glucomannan as one of the 

fibers examined. On the other hand, a reduction of about 22% in LDL-cholesterol 

was reported when glucomannan was the fiber introduced, in a dose of 8-13g per 

day and 25g per day respectively, to diabetic hyperlipidemic subjects compared 

to controls (Vuksan et al, 1999; 2000). Studies have been conducted with smaller 

doses of glucomannan. One study reported a reduction of 20.7% in LDL­

cholesterol level compared to control in diabetic hyperlipidemic subjects when 

2.4g per day glucomannan was consumed for 28days (Chen et al, 2003). A 

second study introduced 3.9 9 per day of glucomannan in capsular form resulting 
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in about a 7% reduction in LDL-cholesterol over a period of 4 weeks (Avrill and 

Bodin, 1995). 

2.2.3 POSSIBLE MECHANISMS OF ACTION OF GLUCOMANNAN 

The mechanism by which fiber lowers blood lipids remains undefined. However, 

generalizing from rodent studies fed different soluble fiber such as dietary 

psyllium and pectin; LDL-cholesterol reduction may be attributed to an increase in 

7-a-hydroxylase activity, the rate limiting enzyme for converting cholesterol to bile 

acids (Horton et al, 1994; Matheson et al, 1995). The reduced insulin surge after 

consumption of glucomannan, causes an increase in 7-a-hydroxylase activity 

leading in turn to further depletion of the hepatic cholesterol pool and possible up 

regulating expression of the hepatic LDL-receptors (Twisk et al, 1995; Wang et al, 

1996). Therefore, it is speculated that glucomannan should reduce feedback 

suppression of this enzyme due to the increased formation of the bile acid. 

Moreover, the reduction in postprandial insulin may lead to suppression in 

hepatic cholesterol synthesis by reducing insulin-induced 3-hydroxy-3-

methylglutaryl coenzyme A reductase activity, the rate limiting enzyme in 

cholesterol synthesis (Rodwell et al, 1976). Another suggested mechanism is the 

reduction in cholesterol absorption associated with an increased intestinal 

content viscosity associated with glucomannan consumption (Doi, 1995). 
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2.2.4. SIDE EFFECTS OF GLUCOMANNAN 

Similar to ail soluble fiber, glucomannan is believed to increase frequency of bowl 

movement, stool bulk, soften stool, increase flatulence and cause sorne gastric 

discomfort (Chen et al, 2003; Vuksan et al, 1999; 2000). However, it is worth 

mentioning that these symptoms do not last for more than a few days up to a 

week. Individuals may tolerate the inconvenience and adapt relatively fast (Chen 

et al, 2003). 

Glucomannan, seem to have very promising therapeutic effects in reducing 

glycemic index, satiety and weight management, lipid lowering effects and 

constipation management. The mechanism by which glucomannans are 

speculated to work need to be further explored as weil. 

Combining plant sterols that reduce cholesterol absorption and glucomannan that 

is believed to reduce cholesterol synthesis is an effective way in reducing 

cholesterol levels. 
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RATIONALE: 

Dislipidemia is a known risk factor for developing CHD. Individuals with type 2 

diabetes are known to have altered cholesterol metabolism leading to an 

increase in circulating total and LDL-cholesterol. Also, hyperlipidemic non 

diabetic individuals have increased circulating total and LDL-cholesterol. Plant 

sterols are known to reduce cholesterol absorption in the intestine, but this is 

compensated for partially by an increase in hepatic cholesterol synthesis. 

Glucomannans are known to improve glycemic control as weil as they play a role 

in decreasing cholesterol synthesis. Based on this information the potential for 

synergistic action between the effect of plant sterols decreasing cholesterol 

absorption and none or semi-digestible carbohydrates such as glucomannans in 

blunting the surge in cholesterol synthesis is expected. 

This study is intended to evaluate effects of plant sterols and glucomannan, alone 

and in combination, on plasma lipid levels in hyperlipidemic, diabetic and non­

diabetic individuals. As weil, as it is the intent of the thesis to evaluate the 

magnitude of this synergy by examining and quantifying the rate of absorption 

and synthesis of cholesterol in hyperlipidemic diabetic and non-diabetic 

individuals. 
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HYPOTHESIS: 

The null hypothesis is that glucomannan and or/plant sterols have no effect on 

parameters of cholesterol kinetics including absorption and synthesis in diabetic 

type 2 and non-diabetic mildly hypercholesterolemic individuals. 
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OBJECTIVES 

Specifie objectives include: 

1. Assessment of the effects of plant sterols and glucomannan on lipid 

levels in hypercholesterolemic individuals with type 2 diabetes versus 

hypercholesterolemic non diabetic individuals. 

2. Assessment of whether cholesterol absorption, synthe sis and turnover 

are altered in hypercholesterolemic individuals with type 2 diabetes 

versus weight matched controls. 

3. Determine whether cholesterol absorption, synthesis and turnover 

respond to (a) 1.8 g/d of plant sterols, (b) 10 gld glucomannans, or (c) 

a combination of the two, differently in hypercholesterolemic individuals 

with type 2 diabetes versus weight matched control individuals. 
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ABBREVIATIONS 

ABC: adenosine triphosphate-binding cassette 

BMI: body mass index 

CHD: coronary heart disease disease 

FSR: cholesterol fractional synthesis rate 

HbA 1 c: glycosylated hemoglobin 

HDL: high density lipoprotein 

IRMS: isotope ratio mass spectrometry 

LDL: low-density lipoprotein 
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3.1. ABSTRACT 

Objective: T 0 determine the effects of supplementing the diet with plant sterols 

and/or glucomannan on lipid profiles and cholesterol absorption and biosynthesis 

in hyperlipidemic individuals with and without type 2 diabetes. 

Design: A randomized crossover clinical trial consisting of 4 phases of 21 days 

each, separated by 4 week washout period, took place at The Mary Emily Clinical 

Research Unit of McGiII University. Sixteen subjects with type 2 diabetes and 18 

non diabetics, ail with mi Id hyperlipidemia aged between 38-74 years, were given 

supplements of (1.8g/day) plant sterols, (10g/day) glucomannan, a combination 

of plant sterols and glucomannan or a placebo, each provided in a granola bar 

form to be consumed 3 times a day. The 4 supplements were randomized over 

the 4 phases. 

Results: Overall plasma cholesterol concentrations were lower (p<O.05) after 

combination treatment compared to control. Overall plasma LDL-cholesterol 

concentrations were also lower (p<O.05) after glucomannan and combination 

treatments compared to control. Effects of the three treatments on lipid profile 

were not different between diabetic and non-diabetic groups compared to control. 

The effects of the different study treatments on average D7 enrichment in the 

cholesterol pool (p=O.074) or cholesterol fractional synthesis rate (p=O.269) were 

not different from the effect of control. This observation was similar in diabetic 

and non-diabetic individuals. 
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Conclusions: 

A combination of glucomannan and plant sterols improved plasma LDL­

cholesterol concentration, which coincided with a trend in cholesterol absorption 

reduction due to glucomannan and plant sterol treatment. Incorporation of these 

dietary constituents in the daily diet may improve lipid profile in diabetic and non­

diabetic hyperlipidemic subjects who are at high risk of developing coronary heart 

disease. 

Keywords: plant sterols; glucomannan; mild hypercholesterolemia; type 2 

diabetes; lipids; cholesterol absorption; cholesterol synthesis 
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3.2. INTRODUCTION 

Coronary heart disease (CHO) is a leading cause of mortality in western 

countries and is rapidly increasing in sorne developing countries as weil (Jackson 

and Lovegrove, 2002; Katan et al, 2003; Oevaraj et al, 2004). Several risk factors 

have been identified for developing CHO (Murray et al, 1997), which is 

characterized by elevated total and LOL-cholesterol, has been confirmed as an 

independent risk factor for CHO (Castelli WP, 1984).Type 2 diabetes has been 

identified as a risk factor for CHO moreover, the incidence of type 2 diabetes has 

been increasing dramatically in the last few years (Kanaya et al, 2005). Since 

dislipidemia occurs frequently in type 2 diabetic individuals, leading to increased 

probability of developing CHO by 3-5 fold, cholesterol lowering should be one of 

the premier targets in the prevention of CHO. 

Investigators have been seeking alternative remedies for reducing cholesterol 

and elevated blood sugar in diabetic and non-diabetic individuals (Gylling et al, 

1996; Lee et al, 2003). Natural compounds such as plant sterols (PS) have been 

long established as cholesterollowering agents through their action on reducing 

cholesterol absorption and have been incorporated with spreads and other 

functional food forms (Pollack et al, 1981; Pelletier et al, 1995; Jones et al, 1997; 

Hendriks et al, 1999; Gylling and Miettinen, 1999; Miettinen and Gylling, 2004). 

Glucomannan, a soluble dietary fiber obtained from tubers of Amorphophallus 

Konjac, has been accepted as both a hypoglycemic and hypocholesterolemic 

agent (McCarty, 2002; Vuksan et al, 1999; 2000; Gallaher et al 2002; Chen et al, 

2003). The mechanism by which glucomannan is believed to operate is by 
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slowing digestion, which leads in turn to a reduction in the hepatic synthesis of 

cholesterol via reduction in insulin secretion (Vlahcevic, 1996). Therefore, 

combining PS and glucomannan is expected to have a synergistic effect on 

reducing both cholesterol and blood sugar levels in hyperlipidemic diabetic and 

non-diabetic individuals. Hence, the objective of this study was to examine the 

effects of PS and glucomannan, alone and in combination on circulating total and 

LDL-cholesterol, and their effects on cholesterol absorption and biosynthesis in 

hyperlipidemic individuals with and without type 2 diabetes. Our null hypothesis 

was that glucomannan and or/plant sterols have no effect on parameters of 

cholesterol kinetics including absorption and synthesis in diabetic type 2 and non­

diabetic mildly hypercholesterolemic individuals. 

3.3. EXPERIMENTAL DESIGN AND METHODS 

Subjects 

A total of 18 non-diabetic (8 men and 10 women) and 16 type 2 diabetic (4 men 

and 12 women) volunteers with mild hyperlipidemia were recruited through 

advertisements in local newspapers. These subjects were aged between 38-74 

years. Ali female subjects were post menopausal. Subjects were required to 

complete a physical examination and provide a medical history prior to their 

enrollment in the study. Fasting blood and urine samples were collected and 

screened for biochemical, hematological and urine indices. The inclusion criteria 

included serum LDL-cholesterol concentrations ranging between 2.7 and 6.0 

mmol/L and triglyceride concentrations < 4.0 mmol/L, non-diabetic subjects 

glucose concentrations < 6.1 mmol/L and> 7.0 mmol/L for the diabetic subjects 
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with HbA 1 c concentrations between 6.0 to 9.0%. Subjects receiving insu lin 

therapy or hypocholesterolemic agents were excluded from the study. Subjects 

with chronic diseases such as renal, pulmonary, biliary, hepatic or gastrointestinal 

were excluded. Moreover, subjects who underwent coronary artery bypass or 

other surgical procedures or had a history of myocardial infarction, angina, or 

congestive heart failure or were chronic users of fiber laxatives of more than 2 

doses per week were also excluded. However, subjects were permitted to 

continue their medication of metformin, sulfonylurea, thyroid hormone, 

antihypertensive and postmenopausal estrogen drugs du ring the study. 

Experimental design and diets 

This study was a randomized crossover clinical trial, where subjects consumed 

one of 4 different treatments. Each treatment was provided over 21 days. Each 

phase was separated by a 4 week washout period. Treatments were offered in a 

granola bar snack form (Forbes Medi-tech Inc. Vancouver, BC, Canada) which 

subjects consumed 3 times/day along with a 250 ml of a beverage of choice. 

During each treatment period, subjects consumed their habituai diet in a free­

living setup. The subjects were randomized to 1.8 g/day of plant sterols, 10 g/day 

of glucomannan, a combination of both or no treatment that served as control. 

Protocol 

Ninety-six hours before the end of each of the 4 phases (Le., 07:00 hr on day 18), 

subjects were given an oral dose of 75 mg (Martin et al, 1986; Klag et al 1993) 

Drcholesterol for cholesterol absorption determination. The Drcholesterol was 
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dissolved in 3 ml of warmed margarine, and consumed on a slice of toast. Blood 

samples were taken at baseline on day 18, as weil as fasting samples on days 19, 

20, 21, and 22 to monitor enrichment/decay levels (Bosner et al, 1993; Jones et 

al, 1993). Subjects consumed their test diets as usual over these days. On day 

21 of each feeding period, approximately 25 ml of deuterium oxide was given 

orally to each subject before breakfast (Jones et al, 1996; Jones et al, 1998) and 

maintenance doses provided thereafter for 24 hours. The change in 07 

enrichment within red blood cell (RBC) free cholesterol was determined as an 

index of synthesis over days 21 and 22 corresponding to 72 and 96 hours after 

initial isotope administration. 

Ouring each phase, fasting blood samples were taken at days 0 and 21 for 

plasma lipid profile and sterols analyses. Red blood cells and plasma were 

separated by a 15 min centrifuging at 15 rpm within 30 min of phlebotomy and 

then were stored at -20°C until analysis. 

Prior to participating in the clinical trial, ail subjects gave informed consent; they 

were also given the opportunity to discuss with the primary investigator, the 

physician and the study coordinator any queries in mind. Ethical approval for the 

study was obtained from the Institutional Review Board of the Faculty of Medicine 

at McGill University. 
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Analyses 

Plasma lipid concentrations 

Plasma total cholesterol, LDL-cholesterol, HDL-cholesterol and triglyceride 

concentrations were determined enzymatically using a Hitachi/991 chemistry 

analyzer (Roche Diagnostic Inc. Indiana, IN) (Siedel et al, 1983; Sugiuchi et al, 

1955). Plasma LDL-cholesterol concentrations were calculated using the 

Friedewald equation (Friedewald et al, 1972). 

Cholesterol absorption measurement 

Lipid was extracted from RBC's in duplicate by using a modified Folch extraction 

procedure (Folch et al 1957). To separate free cholesterol from cholesteryl ester, 

thin- layer chromatography was used (20x20 cm, 250 IJ; Scientific Adsorbents Inc, 

Atlanta). The free cholesterol bands were scraped from the silica gel plates and 

saponified with 0.5 M methanolic KOH to eliminate any possibility of fatty acid 

contaminates. The free cholesterol extracts were then dried under nitrogen and 

transferred into 18-cm long combustion tubes (Vycor; Corning Glass Works, 

Corning, NY) containing 0.6 grams cupric oxide. Pieces of 2-cm silver wires were 

added to the tubes, and then sealed under vacuum at < 20 mTorr. The single 

isotope tracer labeled cholesterol samples were then combusted to deuterium 

enriched water over 4 hours at 520°C. The water was vacuum-distilled into 

sealed tubes containing 0.06g Zn (Biogeochemical Laboratories, Indiana 

University, Bloomington, IN) for deuterium enrichment analysis. These tubes 

were reduced to deuterium-Iabeled hydrogen gas at 520°C for about 30 min. The 

deuterium enrichments of free cholesterol were measured by differential isotope 
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ratio mass spectrometry (1 RMS) with the use of a manually operated dual-inlet 

system with electrical H3
+ compensation (VG Isomass 9030). Enrichments were 

expressed relative to standard mean ocean water (SMOW) and a series of 

standards of known enrichments from the NBS, which were analyzed 

concurrently on each day of measurement to correct for any variation in linearity 

of gain of response of the IRMS (Vanstone et al, 2002). The average of 24,48 

and 72 hours 0 7 enrichments values obtained were used as an indicator of 

absorption. 

Cholesterol biosynthesis measurement 

Cholesterol biosynthesis was determined as the rate of incorporation of 

deuterium from body water into RBC membrane free cholesterol over a period of 

24 hours between 72 and 96 hours at the end of each of the 4 phases. 

Deuterated water equilibrates quickly between intracellular and extracellular 

water pools and allows direct determination of cholesterol formation rates (Jeske 

et al, 1980). Deuterium enrichment was measured in both RBC free cholesterol 

and plasma water. To determine cholesterol deuterium enrichment, total RBC 

lipids were extracted and isolated by using the same procedure described earlier. 

To measure the deuterium enrichment of plasma water, additional plasma 

samples were diluted 9-fold with water to reduce deuterium enrichment to within 

the normal analytic range. As for the baseline samples were 1-fold diluted. 

Triplicate sampi es were vacuum-distilled into Vycor tubes containing 0.06g of Zn, 
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then reduced to hydrogen gas at 520°C for 30min and analyzed by differential 

IRMS as described earlier. 

The cholesterol fractional synthesis rate (FSR) was taken to represent the RBC 

free cholesterol deuterium enrichment values relative to the corresponding 

plasma water sam pie enrichment after correction for the free cholesterol pool. 

The FSR represented that fraction of the cholesterol pool that was synthesized in 

24 hour and was calculated with the following formula (Jones et al, 1993): 

FSR (pool/d) = (~cholesterol 1 ~ plasma) x 0.478 

where (%0) for deuterium cholesterol is the difference between the enriched free 

cholesterol and plasma water at 96 and 72hours in parts per thousand relative to 

a SMOW standard. The factor 0.487 reflects the ratio of labeled H atoms 

replaced by deuterium (22/46) during in vivo biosynthesis (Jones et al, 1993). 

Plasma phytosterol concentration measurement 

Plasma phytosterol concentrations were determined in duplicate by gas 

chromatography from the nonsaponifiable plasma lipid (Rathkowsky et al, 1993, 

Ntanios and Jones, 1998). Briefly, 1.0-ml plasma samples were saponified with 

methanolic KOH for 1 hour at 100°C; the non-saponifiable mate rial was then 

extracted with petroleum ether. Samples with 5-a-cholestane added as an 

internai standard were injected into a gas-liquid chromatograph equipped with a 

flame ionization detector (HP 5890 Series Il; Hewlett Packard, Palo Alto, CA) and 
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a 30-m capillary column (SAC-5; Supelco, Bellefonte, PA). Detector and in je ct or 

temperatures were 310 and 300°C, respectively. The duplicate samples were run 

isothermally at 285°C. Plant sterol peaks were identified by comparison with 

authenticated standards (Sigma-Aldrich Canada Ltd., Oakville ON, Canada). 

Statistical methods 

Repeated measures of analysis of variance (ANOVA) using a general linear 

model was used to determine the differences across treatments, diabetic and 

non-diabetic groups and interaction between treatments and groups. A 

greenhouse-Geisser analysis was used to adjust for normality. P value < 0.05 

was considered statistically significant. The baseline characteristics were 

presented as means ± SD. Other data were presented as means ± SEM. Data 

were analyzed by using SPSS (Version 11.5). A paired Hest was run to look for 

further associations between treatments. 

3.4. RESULTS 

Eighteen non-diabetic subjects with mild hyperlipidemia and 16 subjects with type 

2 diabetes enrolled in this study. Two subjects, one diabetic and one non-diabetic, 

withdrew after having the glucomannan treatment due to experiencing gastric 

discomforts. Three more subjects, 2 diabetic and 1 non diabetic, had to be 

excluded from the statistical analysis due to poor compliance with the dietary 

intervention. Compliance was assessed by weighing the returned uneaten 

portions of the bars. If consumption of treatment bars was less than 50%, 

subjects were no longer eligible to complete the trial. Baseline characteristics of 
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subjects are presented in Table 1. Glucose, insulin, HbA 1 c and fructosamine, 

were higher (P < 0.05) in the type 2 diabetic group as compared to the non­

diabetic group. Plasma LOL-cholesterol concentrations were lower (P< 0.01). 

Plasma triglyceride levels were higher (P< 0.01) in the diabetic group compared 

with non-diabetic group. Plasma HOL-cholesterol values were similar in both 

groups. Both groups were characterized by mild hyperlipidemia. Almost ail 

subjects were overweight or obese with a higher (P< 0.05) BMI in the diabetic 

group. It is reasonable to deduce that the diabetic subjects were weil controlled 

based on their HbA1c values (7.02 ± 0.8%). Participants were neither on insulin 

therapy nor on any hypolipidemic medication. However, their oral hypoglycemic 

therapy had been continued: 5 subjects were taking metformin, 6 subjects were 

on combined therapy of metformin and glyburide and 1 subject was on glyburide 

and losartan (Yoshida et al, 2005). 

Circulating lipid levels in response to treatment 

Endpoint plasma lipid concentrations of non-diabetic and type 2 diabetic groups 

during the different treatment periods are shown in Table 2. Overall, 

supplementation of glucomannan combined with plant sterols reduced (P < 0.05) 

plasma total cholesterol concentrations (4.77 ± 0.20 mmol/I) compared to control 

(5.38 ± 0.18 mmol/I). The overall percentage change of total cholesterol from 

baseline was also lower (P < 0.05) in glucomannan (-12.40 ± 2.32 %) and 

combination (- 14.80 ± 3.86 %) treatments compared to control (-3.20 ± 1.49 %). 

There was no difference between type 2 diabetic and non-diabetic subjects in 

response to the treatments. 
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On day 0 of the glucomannan phase, plasma LOL-cholesterol concentrations 

were lower (P < 0.05) in the type 2 diabetic group (3.47 ±O.17 mmol/I) compared 

with the non-diabetic group (4.06 ± 0.20 mmol/I). After 21 days of 

supplementation, glucomannan (3.18 ± 0.14 mmol/I) and the combination of 

glucomannan and plant sterols (3.00 ± 0.16 mmol/I) decreased (P < 0.05) LOL­

cholesterol concentrations compared to control (3.53 ± 0.16 mmol/I) in non­

diabetic and type 2 diabetic subjects. Overall plasma LOL-cholesterol 

concentrations were also lower (P < 0.05) after combination treatment compared 

with plant sterol treatment (3.43 ± 0.13 mmoVI); however, no difference was 

observed between the glucomannan and combination treatments. 

Plasma triglyceride concentrations were not affected by dietary treatments. 

However, the plasma triglyceride concentrations were consistently higher (P < 

0.05) in diabetic group th an in non-diabetic group during the entire study period. 

Plasma HOL-cholesterol concentrations did not differ among the treatment 

periods. There was also no difference in the changes of HOL-cholesterol 

concentrations between two subject groups (Yoshida et al, 2005). 

Plasma non-sterol concentrations in response ta treatment 

Plasma non-cholesterol sterols in type 2 diabetic and non-diabetic groups are 

summarized in Table 3. On day 21, ove ra Il ratio of ~-sitosterol to total cholesterol 

was higher (P < 0.05) following plant sterol treatment 1.09 ± 0.18 mmol/mol) 

compared to the glucomannan treatment (0.70 ± 0.09 mmol/mol). Plasma~-
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sitosterol concentrations were not different between type 2 diabetic and non­

diabetic groups after each treatment. 

The reductions in plasma lathosterol after 21 days were greater (P < 0.05) with 

the combination treatment (-0.10 ±0.06 mmoVmol) compared with plant sterol 

treatment (0.17 ± 0.08 mmol/mol). During the control period, plasma lathosterol 

concentration changes from baseline (day 1) were greater in individuals with type 

2 diabetes compared with non-diabetes group (Yoshida et al, 2005). 

Cholesterol absorption in response to treatment 

Data for 11 diabetic subjects and 16 non diabetic subjects were available for the 

statistical analysis. Slood samples for 2 subjects were not sufficient or lost in 

extraction, reduction or distillation. The average 0 7 enrichment in the cholesterol 

pool (%0) was taken at the end of each treatment phase as an average of the 24, 

48 and 72 hours measurements and used as an indicator of absorption (Table 4). 

Statistically significant differences were observed neither across treatments, nor 

between diabetic and non-diabetic groups (P=0.651). Moreover, the interaction 

between treatment and group was not significant (P=0.352). Percent changes in 

cholesterol absorption were -7.1 %,20.3 % and -22.1% after plant sterol, 

glucomannan and combination treatments, respectively, relative to control. 

Cholesterol biosynthesis in response to treatment 

There was neither statistically significant difference of main effects between 

treatments, nor within the diabetic and non-diabetic group. Aiso the interaction 
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between treatment and group was not significant. Percent changes in cholesterol 

synthesis were - 2.8%,5.6% and 51.4% for plant sterol, glucomannan and 

combination treatments, respectively, relative to control, Table 4. 

Cholesterol absorption and biosynthesis for subgroup (A) relative to 

treatment 

Looking further into the data.!. it was noticed that 8 subjects did not follow a 

physiologically logical expected increase in the enrichment level after consuming 

the cholesterol tracer isotope. The D7 cholesterol enrichment curve was fiat, 

which lead to the reasonable assumption that these subjects had not consumed 

the isotope or that the isotope was not properly administered or prepared. 

Consequently, data for subgroup (A) was created excluding these 8 subjects from 

the statistical analysis. The average D7 enrichment in the cholesterol pool as an 

indicator of absorption for the remaining 19 subjects is found in Table 5. 

Endpoints in cholesterol absorption were not significantly different across 

treatments (P=0.074), diabetic and non-diabetic groups (P=0.106). Moreover, the 

interaction between treatments and groups was not significant. Differences in 

absorption were -19.3%, -20.6% and -32.5%, respectively, for plant sterol, 

glucomannan and combination treatments relative to control. As for FSR (Table 

5), there were no significant differences across treatments, across groups, and 

the interaction between treatment and group was not significant. Differences in 

FSR rates relative to controls were 7.6%, 13.6%, and 62.1 % for plant sterol, 

glucomannan and combination treatments, respectively, relative to control. 
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A paired t-test was carried out to look for further associations between treatments. 

A significant reduction in cholesterol absorption was found between plant sterol 

(P=0.040) and combination treatment (P=0.007) versus control. However, no 

significant reduction in cholesterol absorption was observed for the glucomannan 

treatment as compared to control. For FSR no significant differences were 

observed between any of the treatments versus to control. 

3.5. DISCUSSION 

This is the first study to test the independent and combined actions of plant 

sterols and glucomannan on circulating lipid levels and cholesterol kinetics. The 

main finding is the demonstration of the combined effect of plant sterols and 

glucomannan in lowering circulating plasma total and LDL-cholesterol. It has 

been reported that plant sterols may reduce LDL-cholesterol by 10-15% (Berger 

et al, 2004;Katan et al, 2003; Richelle et al, 2004, Vanstone et al 2002, Simons, 

2002; Lichtenstein, 2002, Ostlund, 2004) whereas in this trial a combination of 

both plant sterols and glucomannan had an additive effect on reduction of LDL­

cholesterol by 18% relative to control. The lowering in blood cholesterol may 

have been attributable to the observed trend in cholesterol absorption reduction 

due to glucomannan and plant sterol treatment. Plant sterols are known to lower 

blood cholesterol through reducing cholesterol absorption (Lichtenstein, 2002; 

Ostlund, 2004) while it has been suggested that glucomannan may lower blood 

cholesterol by reducing cholesterol absorption and synthesis (McCarty, 2002; 

Rodwell et al, 1976). In the present study glucomannan al one did not reduce 
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cholesterol absorption and synthesis. However, more human studies are needed 

to investigate the mechanism by which glucomannan lowers blood cholesterol. 

The reduction in LOL-cholesterol by glucomannan is in agreement with sorne 

previous work showing a hypocholesterolemic effect of glucomannan. A 3.9g/day 

glucomannan given for 28 days in capsular form reduced total and LOL­

cholesterol by 10% and 7.2% respectively (Avrill and Bodin, 1995). In another 

study, a consumption of 0.7g/100 kcal/day glucomannan given in a cookie form, 

reduced total and LOL-cholesterol by 11% and 20%, respectively, relative to 

control (Vuksan et al,1999). In a third study, subjects consumed glucomannan in 

a dose of 8-13g/day and a reduction of 12% of total cholesterol and 22% of LOL­

cholesterol, relative to control, were observed (Vuksan et al, 2000). Similar 

results have been also reported by Chen et al (2003) and Gallaher et al (2002) 

with a smaller dose of 2.4g/day of a mixed capsule of glucomannan and chitosan, 

a seaweed fi ber. In the present study.l. the reduction of circulating plasma lipids 

due to glucomannan treatment were accompanied with a trend in reduction in 

cholesterol absorption shown by a decrease in 07 enrichment. However.l. the 

reduction in absorption observed was not statistically significant. One possible 

explanation may be attributed to problems with compliance. Glucomannan is 

known to cause gastric discomfort, flatulence and increased soft frequent fecal 

output (Vuksan et al, 1999). These undesirable side effects may have caused 

sorne subjects to drop out of the study or not consume the full dose provided. 

Moreover, glucomannan treatment did not score high on a palatability 

questionnaire given on the last day of each phase as was reported earlier 
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(Yoshida et al, 2005), which may have led to an incomplete consumption of the 

glucomannan treatment. 

It was expected that introducing glucomannan with or without plant will affect 

cholesterol kintetics differently between diabetic and non-diabetic groups (Melga 

et al, 1992; Hopman et al, 1988; Doi et al, 1979). However, in the present study 

the observed glucomannan effects on blood lipid profiles did not differ between 

diabetic and non-diabetic subjects, which may be explained by the relatively 

normal HbA 1 c values of the diabetic group. It is possible that this particular 

group of diabetic individuals enrolled in this study were fairly weil controlled on 

their medication and in their diabetes management, thus the diabetic group may 

not have represented the diabetic state adequately. 

Compared to the literature, the efficacy of plant sterols, when given alone, as 

cholesterol lowering agents was not as powerful as expected. A possible 

explanation could be attributed to the food matrix it was introduced by. Plant 

sterols are more effective in reducing LDL-cholesterol when introduced via higher 

fat containing vehicles such as margarine (-13%) (Jones et al, 2000), milk (-8.6%) 

and yoghurt (-8.6%) (Patch et al, 2005) as compared to bread (-5.4%) and cereal 

(-5.4%) (Clifton et al, 2004; Perisee, 2005) in free living men and women. It has 

also been reported that plant sterols failed to lower LDL-cholesterol when mixed 

with low fat beverages (Jones et al, 2003). Conversely, lecithin-emulsified stanols 

delivered in lemonade given at 1.9 g/day reduced LDL-cholesterollevels by 14% 

(Spillburg et al, 2003). Devaraj et al (2004) has also showed that sterol 
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supplemented orange juice decreased total cholesterol and LDL-cholesterol by 

7.2% and 12.4%, respectively, relative to control. The difference between Jones 

et al (2003), Spillburg (2003) and Devaraj (2004) studies was the presence or 

absence of lecithin formulation and the degree of the micellar plant sterol 

dispersion. Possibly, the food matrix used in this study did not provide the proper 

solublization that will allow plant sterols to show their optimum efficacy as 

cholesterollowering agents. 

ln summary, a combination of plant sterols and glucomannan demonstrated an 

additional impact on total and LDL-cholesterol explained through a trend in 

reducing intestinal cholesterol absorption, compared to the individual actions of 

plant sterols or glucomannan alone. Contrary to what was expected, 

glucomannan did not reduce cholesterol synthesis which suggests that 

glucomannan works through other mechanism. Incorporating a combination of 

glucomannan and plant sterol into the habituai diet as functional foods may be a 

safe and effective adjunct or alternative to pharmaceutical therapy for lipid 

management in subjects with diabetes or with a risk factor for CHD. 
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Table 1. Baseline characteristics of subjects 1 

Characteristic 

Male/Female 

Ages (y) 

Body mass index (kg/m2) 

Lipids (mmol/l) 

Total cholesterol 

LOL cholesterol2 

HOL cholesterol3 

Triacylglycerol 

Glucose (mmol/l) 

Insulin (pmol/l) 

HbA1c (%) 

Fructosamine (umol/l) 

Non-diabetic 

(n=16) 

7/9 

55.19 ± 6.91 

27.70 ±4.48 

6.05 ±0.84 

4.29 ±0.74 

1.11 ± 0.36 

1.43 ± 0.53 

5.11 ± 0.37 

21.03 ± 8.40 

5.47 ± 0.20 

3.41 ± 0.30 

Diabetic 

(n=13) 

4/9 

56.81 ± 10.77 

30.96 ± 3.37* 

5.53 ± 0.84 

3.53 ± 0.75** 

0.92 ± 0.16 

2.69 ± 1.53** 

8.56 ± 1.44*** 

35.96 ± 15.91 ** 

7.02 ± 0.80*** 

4.09 ± 0.60*** 

1Values are expressed as mean ± S.O. * P < 0.05, ** P < 0.01, *** P < 0.001 

significant difference from non diabetic group. (Yoshida et al, 2005) 

2Low-density lipoprotein cholesterol 

3High-density lipoprotein cholesterol 
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Table 2. Plasma lipid concentrations at day 0 and day 21 of each treatment 

period1 

Lipid (mmo/I) Control Plant sterols Glucomannan Combination 

Total cholesterol 
Non-diabetics 
Day 0 5.88 ±0.21 5.90 ± 0.21 5.86 ±0.23 5.81 ± 0.29 
Day 21 5.52 ± 0.28 5.46 ± 0.19 5.07 ± 0.27 4.77 ± 0.35 
% Change -1.82±1.95 -7.31 ± 1.75 -13.92 ± 3.23 -16.79 ± 6.67 

% Relative to C2 -4.36 ± 1.84 -12.57 ± 2.85 -18.23 ± 5.10 

Type 2 diabetics 
Day 0 5.61 ±0.18 5.54 ± 0.19 5.42±0.19 5.49 ±0.20 
Day 21 5.21 ± 0.20 5.06 ± 0.23 4.84 ± 0.16 4.77 ± 0.15 
% Change -4.93 ±2.30 -8.41 ±2.12 -10.50 ± 3.38 -12.3 ± 2.76 

% Relative to C2 -2.21 ± 3.96 -5.95 ± 4.11 -7.71 ± 2.81 

Ali 
Day 0 5.76 ± 0.14 5.74 ±0.14 5.66 ± 0.16 5.67 ± 0.18 

Day 21 5.38 ± 0.18 a 5.28 ± 0.15 ab 4.97 ± 0.16 ab 4.77 ±0.20 b 

% Change -3.20 ± 1.49 a -7.80 ± 1.33 ab -12.40 ± 2.32 b -14.80 ± 3.86 b 

% Relative to C2 -3.36 ± 2.05 a -9.50 ± 2.48 ab -13.35 ± 3.14 b 

LDL cholesterol3 
Non-diabetics 
Day 0 4.08 ± 0.20 4.10 ± 0.21 4.06 ±0.20 4.05 ± 0.24 
Day 21 3.77 ± 0.24 3.66 ± 0.15 3.42 ±0.23 3.11 ± 0.26 
% Change -3.07 ± 3.31 -10.67 ± 2.14 -15.78 ± 4.04 -26.38 ± 6.00 

% Relative to C2 -5.42 ± 2.28 -14.33 ± 3.44 -22.73 ± 5.42 

Type 2 diabetics 
Day 0 3.61 ± 0.22 3.60 ± 0.15 3.47 ±O.17* 3.51 ±0.18 
Day21 3.26 ±0.17 3.17 ± 0.20 2.90 ± 0.12 2.81±0.15 
% Change -6.21 ± 5.44 -10.45 ± 4.11 -12.92 ± 4.06 -15.24 ± 3.87 

% Relative to C2 -1.56 ± 5.40 -8.42 ± 5.63 -12.84 ±3.71 

Ali 
Day 0 3.88 ± 0.15 3.89 ±0.14 3.81±0.14 3.82 ± 0.17 
Day 21 3.53 ± 0.16 a 3.43 ± 0.13 ab 3.18 ± 0.14 bc 3.00 ± 0.16 c 

% Change -4.51 ± 3.02 a -10.57±2.16ab -14.47± 2.83 ab -21.27 ± 3.76 b 

% Relative to C2 -3.56 ± 2.82 a -11.59±3.19 b -18.14±3.45 b 
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Lipid (mmol/I) Control Plant sterols Glucomannan Combination 

Triacylglycerol 

Non-diabetics 

Day 0 1.42 ± 0.15 1.42 ± 0.14 1.35±0.13 1.29 ± 0.12 
Day 21 1.41 ± 0.16 1.40±0.15 1.19 ± 0.15 1.29 ± 0.19 
% Change % -1.80 ± 6.91 5.44 ± 8.77 -14.28 ± 6.37- -6.47 ± 6.65 
Relative to C2 5.57 ± 8.64 11.01±8.47 -5.32 ± 11 .94 

Type 2 diabetics 
Day 0 2.32 ± 0.29-- 2.16±0.23" 2.03 ± 0.19-- 2.20 ± 0.19---
Day 21 2.22 ± 0.24-- 2.00 ±0.23- 2.15 ± 0.25" 2.18 ± 0.22" 

% Change 0.95 ± 13.14 -10.54 ± 7.63- -0.25 ± 10.23 -3.22 ± 7.47 
% Relative to C2 3.00 ± 10.56 5.07 ± 11.41 6.55 ± 10.27 

Ali 
Day 0 1.82 ± 0.17 1.75±0.14 1.65±0.13 1.70±0.14 
Day 21 1.78±0.16 1.68 ± 0.14 1.63±0.17 1.71 ±0.16 
% Change -0.48 ± 7.13 -2.26 ±5.94 -7.53 ± 5.97 -4.90 ±4.90 
% Relative to C2 1.64 ± 6.66 -3.55 ± 7.01 0.19±7.91 

HDL cholesterol4 
Non-diabetics 
Day 0 1.11 ± 0.09 1.13 ± 0.09 1.07 ± 0.08 1.09 ± 0.09 
Day 21 1.03 ± 0.07 1.11 ± 0.09 1.05 ± 0.09 0.99 ± 0.08 
% Change -0.79 ±2.62 -2.95 ±2.33 -3.63 ± 3.02 -5.20 ± 7.06 
% Relative to C2 8.89 ± 8.99 3.63 ± 9.39 0.11 ± 9.92 

Type 2 diabetics 
Day 0 0.97 ± 0.05 0.97 ±0.06 0.99 ± 0.06 0.96 ± 0.04 
Day 21 0.94 ±0.06 0.99 ±0.06 0.96 ± 0.06 0.96 ± 0.05 
% Change -3.28 ±3.72 2.81 ±2.40 -2.56 ± 2.69 0.55 ± 1.65 
% Relative to C2 6.00 ± 3.51 2.97 ± 3.82 4.30 ±3.42 

Ali 
Day 0 1.05 ± 0.05 1.05 ± 0.06 1.03 ±0.05 1.03 ± 0.55 
Day 21 0.99 ± 0.04 1.05 ± 0.06 1.01 ± 0.05 0.98 ±0.05 
% Change -1.94 ± 2.20 -0.27 ± 1.73 -3.34 ± 2.01 -2.53 ± 3.84 

% Relative to C2 7.59±5.13 3.33 ±5.37 1.99 ± 5.61 
j 

Values are expressed as mean ± S.E.M. Values carrying different superscript letters indicate a 
significant difference among treatments (p < 0.05). Percent change is based on individual data. 
Percent change relative to control is based on the mean of day 21. (Yoshida et al, 2005) 
"p < 0.05; .... p < 0.01; ..... p < 0.001; significant difference from non diabetic group. 
2 
Control treatment 

3Low-density lipoprotein 
cholesterol 

4High-density lipoprotein 
cholesterol 
5 
Total cholesterol 
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Table 3. Plasma non-cholesterol sterol concentrations at day 0 and day 21 

of each treatment period 1 
Control Plant sterols Glucomannan Combination 

B-sitosterol2 
Non-diabetics 
Day 1 0.73±0.10 0.85 ± 0.14 0.65 ± 0.11 0.75 ± 0.13 
Day 21 0.78 ± 0.11 1.22 ± 0.28 0.69 ± 0.11 1.06 ±0.18 
Difference3 0.05 ± 0.07 0.27 ± 0.13 0.05 ±0.04 0.31 ± 0.10 

Type 2 
diabetics 
Day 1 0.82 ± 0.13 0.82 ± 0.18 0.76 ± 0.12 0.79±0.12 
Day 21 0.99 ± 0.18 0.95 ±0.20 0.82 ± 0.16 0.99 ± 0.17 
Difference3 0.18 ± 0.15 0.13 ± 0.07 0.06 ±0.08 0.20 ±0.08 

Ali 
Day 1 0.77 ±0.08 0.84 ± 0.11 0.70 ±0.08 0.77 ±0.09 
Day 21 0.88 ± 0.10 ab 1.09 ± 0.18 a 0.70 ± 0.09 b 1.03 ± 0.12 ab 

Difference3 0.11 ± 0.08 0.20 ± 0.07 0.05 ±0.04 0.26 ±0.07 

Lathosterol2 
Non-diabetics 
Day 1 0.73 ± 0.07 0.82 ± 0.07 1.08 ± 0.13 0.93 ±0.09 
Day 21 0.88 ±0.08 0.92 ± 0.13 0.94 ±0.09 0.86 ±0.09 
Difference3 0.17 ± 0.08 0.11 ± 0.11 -0.19 ± 0.10 -0.08 ±0.07 

Type 2 
diabetics 
Day 1 0.91 ± 0.11 0.79 ± 0.08 0.87 ± 0.13 1.03 ± 0.13 

Day 21 0.85 ± 0.13 1.06 ± 0.11 1.03 ± 0.12 0.94 ±0.05 
Difference3 -0.13 ± 0.04* 0.25 ± 0.11 0.04 ± 0.11 -0.12±0.12 

Ali 
Day 1 0.80 ±0.07 0.80 ±0.05 0.99 ± 0.09 0.97 ±0.07 

Day 21 0.86 ± 0.07 0.98 ±0.08 0.98 ±0.07 0.89 ±0.05 
Difference3 0.04 ± 0.06 ab 0.17 ± 0.08 a -0.09 ± 0.08ab -0.10 ± 0.06 b 

1 
Values are expressed as mean ± S.E.M. Values carrying different superscript letters 

indicate a significant difference between groups (p < 0.05). (Yoshida et al, 2005) 
*p < 0.05; significant difference from non-diabetic group. 
2 
non-cholesterol sterol are expressed as mmol per 1 mol cholesterol. 

3 
Difference between day 0 and day 21. 
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Table 4. 07 enrichment as an indicator for absorption and fractional 

synthesis for ail subjects for each dietary period1 

Plant sterol Glucomannan Combination Control 

Absorption2 

D7 (%0) 131.370 ± 15.370 170.049 ± 28.996 110.143 ± 11.896 141.393 ± 25.925 

% Change 

relative to -7.1 20.3 

control 

Synthesis3 

Rate 0.070 ± 0.005 0.076 ± 0.007 

(pool/d) 

% Change 

relative to -2.8 5.6 

control 

1 Values are expressed as mean ± SEM 

2 n = 26, ( non-diabetic 16, diabetic 11) 

3 n =25, (non-diabetic 15, diabetic 10) 

-22.1 

0.109 ± 0.021 0.072 ± 0.008 

51.4 
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Table 5. 07 enrichment as an indicator for absorption and fractional 

synthesis for subgroup (A) subjects for each dietary period1 

Plant sterol Glucomannan Combination Control 

Absorption2 

D7 (%0) 127.451 ± 13.728 125.920 ± 16.431 106.640 ± 16.150 157.890 ± 11.100 

% Change 

relative to 

control 

Synthesis3 

Rate (pool/d) 

% Change 

relative to 

control 

-19.3 -20.3 -32.5 

0.071 ± 0.006 

7.6 

0.075 ± 0.008 

13.6 

1 Values are expressed as mean ± SEM 

2 n = 19, (non-diabetic 10, diabetic 9) 

3 n =18, (non-diabetic 10, diabetic 8) 

0.107± 0.028 

62.1 

0.066 ± 0.008 
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GENERAL SUMMARY AND CONCLUSIONS 

This study examined the plasma cholesterollowering ability of plant sterols alone, 

glucomannan alone and plant sterols and glucomannan combined together on 

cholesterol kinetics in diabetic and non-diabetic free-living subjects. The novelty 

of approach of the present study was combining both plant sterols and 

glucomannan matrixed into granola bars and measuring their effects on 

cholesterol absorption and synthesis using a single-stable-isotope plasma ratio 

and deuterium uptake method. 

The major finding of the study was the effect of both plant sterols and 

glucomannan on reducing circulating LDL-cholesterol that accompanied a trend 

in reducing cholesterol absorption, though the reduction in absorption was not 

statistically significant. Contrary to our expectations, glucomannan 

supplementation did not reduce cholesterol synthesis, but did reduce LDL­

cholesterollevels. No significant differences in levels of LDL-cholesterol were 

observed between diabetics and non diabetics across ail treatments in this study. 

Cholesterol kinetics results were limited by the small number of samples 

remaining for analysis due to loss of several samples during operational 

procedures (extraction, distillation or spectrometry). The high subject-to-subject 

variability in the kinetics of cholesterol metabolism may have contributed to the 

lack of significance. 
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Glucomannan was given in a dose of 10g/day, which may have contributed to 

increases gastric discomfort that increased the number of dropouts from the 

study. In addition, the food matrix that was used in this study may have been not 

palatable for sorne subjects leading to reduced compliance. 

ln the present study a single-stable-isotope method was used to determine 

cholesterol absorption. The advantage of using this method lies in it being simpler, 

less costly and involves less ethical considerations. Moreover, this method has 

been validated and has proven to be a reliable non invasive and effective method 

in determining changes in cholesterol absorption (Wang et al, 2004). Despite the 

validity of this method, a more advanced approach may be taken into 

consideration in future studies. Gas-chromatography-combustion combined with 

isotope ratio mass spectrometry (GC-C-IRMS), which involves a minimal sample 

manipulation, thereby, less human error (Meir-Augenstein, 1999), may have 

served as a more direct isotopic analyses approach and may be considered the 

technology of choice in this case. 

ln conclusion, the present study confirms previous findings of cholesterol 

lowering effect of plant sterols and glucomannan alone and demonstrates an 

additive effect of the combination of these food components. Thus, they may be 

incorporated into functional foods with minimal side effects and safety concerns. 

Although life style modifications are highly encouraged as a primary strategy in 

preventing CHD by improving dietary habits and increasing physical activity; 

incorporating plant sterols and glucomannan in a functional food bar matrix may 
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be a pote nt alternative for drug therapy with minimal side effects and a 

cholesterol lowering effect without many alterations in the individuals' habituai 

diets. 
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Appendlx 1. Consent form 
! 1 i 

Investigation of Plant Sterols and Glucomannans as Cholesterol­
Lowering Agents in Subjects with and without Type 2 Diabetes 

Patients Name; 

School ofDietetics.and Human Nutrition, Macdonald Campus of McGill University 
Researchers: Dr. Peter Jones, Makiko Yoshida, Phone: 398-7527 day 1457-86411 eve. 
Contact Physician: Dr.Willimn Parsons, Phone: 694-4869 

The purpose of the study, the description of the procedure or treatment, its risks and lor 
. benefits, and possible alternative follows: 

1. Purpose of the study 
The aim ofthis stUdy is to examine how plant sterols and glucomannan added to 

the diet influence body level and rate of production of circulating cholesterol. It is known 
that plant sterols act as cholesterol reducing agents, whereas glucomannan work at the 

. level of improving blood sugar control as weIl as cholesterollowering agents. 
Accordingly, we would like to compare the effect ofplant sterols, glucomannan, or 
combination of each on lipid protein profiles and blood glucose control in diabetic and 
non-diabetic individuals. 

2. Description of the study 
Bèfore starting the study, a fasting blood sample 10 ml (2 teaspoons) and a urine 

sample will oe taken for the laboratory to confirm the absence ofheath abnormalities and 
to measure blood lipid profile and glucose. You will be permitted to take stable dose of 
metformin, sulfonylureas, thyroid hormone, anti-hypertensive agents, oral and post­
menopausal estrogens, as long as these are continued equivalently throughout the duration 
ofthe period of the study. 

During the clinical trial, you will be asked toconsume a bar and a 80z (1 cup) drink 
three times a day with your regular diet for four 3 week periods (4 X 21 days), which will 
be separàted by a 4 week interval when you will consume your usual diet. The bars will 
be provided weekly in the Clinical Research laboratory. To the bars will be added at 
either a levél of 1.8 gtday a material resemblfug cholesterol obtained from the pine trees, 
10 glday of soluble fiber, glucomannan, or a combination of plant sterols and 
glucomannan. These materials are tasteless and odourless. 

At the beginning (Day 1) of each treatment period,you will be examined by a 
physician to ensure that you are in good health. On day 18 of each trea1ment period, you 
will be required to take a slice of toast with a spread which contains 15mg of cholesterol 
with a stable isotope. On the day 21, you will be asked to drink 25m1 (1213 tablespoons)' 
water containing stable isotope. On the day 22 (i.e. the morning after the final day of each 
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treatment period), you will be asked to drink 50g (1/5 cup) of glucose and you will 
provide a blood sample by a finger prick 0, 0.5, 1, 1.5 and 2 br after the intake of glucose. 
Every moming of days 1, 8, 15, 18, 19,20,21, and 22 you will provide a fasting blood 
sample 20ml (1 1/3 tablespoons) for the assessment of cholesterollevels, synthesis rate, 
as well as blood sugar control. At the end of the each diet period, you will again be 
examined by a physician to ensure that you. are in good heath. Then you will resume 
consumption of your normal diet until the next diet period. The plant sterol mixture 
and/or glucomannan will be contained during three of the four diet periods; the other will 
act as a control period. 

3.Potential risk and/or benefit 
There are no known hazards associated with the use of the stable labeled tags in the 

present procedure. A slight chance exists that you will experience transitory dizziness 
after drinking the labeled water. There are no risks of the procedure other than that 

, normally associated with blood-takîng and inges'tion of 7C-cholesterol. After blood 

taking, you may feel dizzy. The plant sterol mixtures and glucomannan added to the diet 
at the proposed level have been shown to exert no negative effects on health in previous 
animal and human experiments. When you take glucomannan during the study periods, 
you may experience flatulence and soft stools. In case you feel any discomfort or any 
change ofyour health condition during the experimental trial, a physician, Dr. Parsons 
will be available to contact at any time. Dr. Parsons can be reached at 694-4869. 

Confidentiality 
The substance of the project and the procedure associated with it have been fully 

explained to me, and aIl experimental procedures have been identified. 1 have had the 
opportunity to ask questiqns concerning any and aIl aspects of the project and any 
procedure involved. 1 am aware that 1 may refuse to participate as weIl as withdraw my 
consent at any time. 1 acknowledge that no guarantee or assurance has been given by 
anyone as to results to be obtained. Confidentially of records concerning my involvement 
in this project will be maintained in an appropriate manner. 

Compensation 
1 understand that, in compensation for the inconvenience of the study schedule, 1 

will receive $ 500 at completion of the trial and subsequently be provided access to my 
results conceming the lipoprotein and cholesterol synthesis assessment. If 1 decided to 
withdraw before completion, or ifthe study ends early, 1 will receive an appropriate pro­
rated fraction ofthis amount. 

I, , the undersigned, Hereby consent to participate as a subject in the 
above named research project conducted by McGill University. 

I acknowledge receiving a copy ofthis consent form and aIl appropriate attachments and 
agree to be contacted by a member of the Research Ethics Committee. 
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Signature of Subject 

Investigator: 

Witness: 

Date: Time: __ a.m1p.m 
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Appendlx 2. 

Certification Of Ethical Acceptability For Research Involving Human 

Subjects 

83 



; McGill 
Faculty of Medicine 
3655 Promenade Sir William Osier 
Montreal, OC H3G 1 Y6 

Faculté de médecine 
3655, Promenade Sir William Osier 
Montréal, OC, H3G 1 Y6 

Fax/Télécopieur: (514) 398-3595 

CERTIFICATION OF ETHICAL ACCEPTABILITY FOR RESEARCH 

INVOLVING HUMAN SUBJECI'S 

The Faculty of Medicine Institutional Review Board consisting of: 

LAWRENCE HUTCHISON, MD MICHAL ABRAHAMOWICZ, PHD 

PATRICIA DOBIaN, PHD CATHERINE GARDNER, BSc 

NEIL MACDoNALD, MD ROBERT L. MUNRO, BCL 

ROBERTAPALMOUR, PHD LUCILLE PANET-RA YMOND, BA 

MARGARET SWAINE, BA 

has examined the research project A 12-M96-01 A entitled "Investigation of Plant Sterols and 
Glucamannans as Cholesterol-Lowering Agents in Subjects with or without Type 2 
Diabetes" 

as proposed by: Dr. Peter J.H. Jones to 
Applicant Granting Agency, if any 

and consider the experimental proredures to be acceptable qn ethi~ounds for research involving 
human subjects. 

December 19, 2001 r 

Date Chair,lRB- -- Dean ofFaculty 

Institutional Review Board Assurance Number: M-1458 



June 16, 2005 

To Whom It May Concern: 

The purpose of the present letter is to confirm that the co-author Dr. Peter Jones 

agrees that the candidate (Roula Barake) includes the manuscript entitled Effects 

of plant sterols and glucomannan on parameters of cholesterol kinetics in 

hyperlipidemic individuals with and without type 2 diabetes in her thesis. 

The candidate's roles in this study included ail lab analysis of blood samples 

involving extraction, distillation, combustion and use of spectrometry in addition to 

plasma and standards preparation. The author also was responsible for the 

compiling the data, conducting the statistical analysis and writing the manuscript 

under the guidance of the co-author and made modifications to it in response to 

his comments. 

Roula Barake 

l, the co-author, agree that the candidate, Roula Barake, include the manuscript 

entitled Effects of plant sterols and glucomannan on parameters of cholesterol 

kinetics in hyperlipidemic individuals with and without type 2 diabetes in her 

thesis. n 

Peter Jones 
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