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Abstract 

Plant sterols are effective cholesterol-Iowering agents; however, recent evidence 

suggests that this treatment may not be safe and beneficial in aIl individuals. This 

study determined wh ether high and low baseline circulating plasma campesterol and 

sitosterol are related to subsequent changes in plasma LDL-C, plant sterol or CRP 

levels, after accounting for plant sterol supplementation in hypercholesterolemic men 

(n=82). This trial was a 2-phase randomized cross-over design consisting of a 

controlled diet with and without a dose of2.0 g/d ofplant sterols over 4 weeks. There 

was no significant difference in plasma LDL-C, in the elevation of plasma plant sterol 

or in the changes of CRP levels for high and low groups, respectively. In view of 

these data, a supplement of 2.0 g/d of plant sterols should he viewed as a safe and 

beneficial cholesterol-Iowering therapy for aIl individuals, with respect to their 

baseline plasma plant sterollevels . 
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Résumé 

Les stérols de plantes (PS) sont des agents hypocholestérolémiants efficaces. 

Cependant, de récentes études ont démontré que, dépendant des individus recevant ce 

traitement, les PS ne sont pas toujours un moyen sûr et bénéfique pour réduire le 

cholestérol sanguin. La présente étude a examiné la relation entre les taux de base de 

campestérol et sitostérol dans le plasma d'une part, et la variation du taux de 

cholestérol de type LDL, des PS et de CRP dans le plasma de l'autre, et cela prenant 

en compte un traitement de PS donné à des hommes hypercholestérolémiques (n=82). 

La présente étude est de type randomisé croisé comprenant deux phases au cours 

desquelles les sujets ont consommé un régime contrôlé supplémenté de 2.0 g de PS par 

jour, pendant 4 semaines. Aucune différence significative n'a été notée au niveau des 

taux de cholestérol de type LDL, des PS ainsi que de CRP entre les groupes ayant des 

taux de base élevés et bas de PS dans le plasma. En conclusion, nos résultats montrent 

qu'un supplément de 2.0 g de PS par jour peut être considéré comme un traitement 

hypocholestérolémiant bénéfique et sûr, et cela indépendamment du taux de base de 

stérols de plantes dans le plasma. 
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1 Introduction 

1.1 Background 

Cardiovascular disease (CVD) is a leading cause ofmorbidity and mortality 

worldwide (1). As hypercholesterolemia is a major risk factor for the progression of 

CVD, effective treatment ofthis condition is essential (1). Plant sterols, reduce LDL

C by approximately 10% (1-3), offer an effective and natural alternative to achieving 

cholesterol reduction (1,3). The cholesterol-Iowering effect ofthese plant-derived 

components is achieved through a competition with cholesterol for micelle uptake and 

subsequent absorption across the intestinal epithelial barrier (1-4). As a result, plant 

sterols cause a reduction in cholesterollevels and minimally elevate circulating plasma 

plant sterol concentrations. In view of their beneficial health effects, the National 

Education Cholesterol Adult Treatment Program (NCEP) recommends the use of plant 

sterols in combination with lifestyles changes as a cholesterol-Iowering therapy (4). 

Plant sterol use is not completely favored; however, since elevated plasma 

concentrations of 290-966 Ilmol/L are associated with sitosterolemia, a disease 

characterized by early onset of atherosclerosis (5). Plant sterols should be viewed as 

safe since treatment elevates plasma plant sterollevels to 14-48 Ilmol/L, which is not 

comparable to values expressed in sitosterolemia (5). In fact a recent study 

demonstrated that there is no relationship between plasma plant sterollevels and CVD 

risk in non-sitosterolemic patients (6). The use of plant sterols in 

hypercholesterolemic but otherwise healthy individuals remains controversial, 

however, as other studies have demonstrated that moderate levels of plasma plant 

sterols ranging from 15 to 23 Ilmol/L may be associated with increased CVD risk (7-



Il). Since elevations in plasma plant sterols after plant sterol treatment are highly 

variable (12-16), individuals showing the greatest elevation in plasma plant sterols 

may be at risk for the development ofCVD. At this time, however, no factor has 

been identified as an indicator of response to plant sterol treatment. Baseline 

campesterol and sitosterollevels, as surrogate markers of plant sterol absorption (10), 

may be predictive of changes in plasma plant sterollevels. Therefore a thorough 

understanding of the role baseline plasma plant sterol concentrations in plant sterol 

therapy is required as the association between plasma plant sterols and CVD risk is 

controversial (6-11) . 

Although plant sterols lower circulatory (LDL-C) by 10% (2, 3), response to 

this cholesterol-Iowering therapy is variable (17). Baseline campesterol and 

sitosterollevels. as surrogate markers for cholesterol absorption (18), may be 

predictive of changes in plasma cholesterollevels. Two non-metabolically controlled 

studies have already demonstrated that reductions in LDL-C levels only occur in 

individuals with high but not low baseline plasma plant sterol (15, 19). Replication of 

the data obtained from those studies in a larger metabolically controlled study, 

however, would provide stronger evidence that baseline plasma plant sterollevels 

determine the cholesterol-Iowering response to plant sterol therapy. In doing so, the 

role ofbaseline plasma plant sterols in the cholesterol-Iowering response to plant 

sterol therapy would be thoroughly established. 

Plant sterols have also been shown to function as anti-inflammatory agents. A 

previous study showed that plant sterols significantly reduced plasma concentrations 

of IL-6 and TNF -alpha (20). As other studies have demonstrated that CRP is 
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increased by IL-6 and TNF -alpha (21, 22), it may be hypothesized that plant sterols 

reduce levels ofthis CVD promoting factor as weIl. Consequently, plant sterols, 

despite being associated with CVD risk, may be additionally favorable for heart health 

if this therapy reduces concentrations of CRP. 
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.,-- - 1.2 Objectives and Rationale 

Plant sterol use remains controversial as moderately elevated concentrations of 

plasma plant sterols have inconsistently been associated with an increase in CVD risk 

(6-9, Il) and treatment with this therapy is not effective in aIl individuals (15, 19, 20). 

Therefore the objective of the present study was to determine whether a difference 

exists in a response to plant sterol supplementation in hypercholesterolemic men with 

high or low baseline plasma sum of campesterol and sitosterol levels, as measured by 

percent change and post-treatment plant sterols (campesterol and sitosterol). In 

addition, this trial examined the anti-hypercholesterolemic and anti-inflammatory 

effects of plant sterols, which were measured using percent change and endpoint in 

lipid (TC and LDL-C) and CRP values, respectively. 

1.3 Null Hypotheses 

1) That no difference in campesterol and sitosterol changes between subjects with 

high and low baseline sum of campesterol and sitosterol, would be evident following 

plant sterol supplementation. 

2) That no difference in total cholesterol, low-density lipoprotein cholesterol changes 

between subjects with high and low baseline sum of campesterol and sitosterol 

concentrations, would be evident following plant sterol supplementation. 

3) That no difference in C-reactive protein (CRP) changes between subjects with high 

and low baseline sum of campesterol and sitosterol concentrations, would be evident 

following plant sterol supplementation. 
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2 Review of the Literature 

2.1 Plant Sterols 

2.1.1 History 

The cholesterol-Iowering effects of plant sterols were first noted in 1951 in an 

animal feeding trial (23). Soon after in 1957, a cholesterollowering agent termed 

"Cytellin" was developed and marketed as a pharmaceutical agent. The low 

bioavailability and poor water solubility ofthis product, however, required that large 

doses ofthese plant sterols be consumed. Consequently, this pharmaceutical agent 

was not profitable and the product was eventually abandoned. Since then, however, 

improvements in the manufacturing of plant sterols have been made so that low doses 

ofthese plant-derived components are capable of achieving cholesterol-reduction. As 

a consequence, plant sterols were recommended for use by NCEP in 2001 in 

combination with lifestyle changes as a cholesterol-Iowering therapy (4). 

2.1.2 Chemical Structure 

Plant sterols are classified as sterol compounds in that the y are aIl composed of 

a fused cyclopentanophenanthrine ring structure specific to cholesterol with an added 

alcohol moiety (3). These compounds are plant-derived substances that are 

structurally and functionally similar to cholesterol (3), playing a key role in cell 

membrane function (4). The majority ofplant sterols differ structurally from 

cholesterol by changes in their side chain; campesterol has an additional methyl group 

at the carbon-24 position, whereas sitosterol has an additional ethyl group at the 

carbon~24 position (3). As manY as 200 phytosterols exist, however, campesterol and 

sitosterol are the two most abundant ofthese plant derived components (24). 
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2.1.3 Dietary Consumption 

Plant sterols are consumed at approximately 200-400 mg/day in the standard 

North American diet (25). Levels can increase 2-fold in populations where there is a 

greater emphasis on vegetable consumption (26). AlI plant-derived foods contain 

appreciable amounts of plant sterols, however, they are principally found in oils and to 

a lesser extent in nuts, breads and whole vegetables (3) (Table 1). It is the specie of 

origin which characterizes the distribution of plant sterols (4); campesterol and 

sitosterol are primarily found in oils (3), whereas shellfish is the main source of 

dietary brassicasterol (27). 

2.1.4 Mechanism 0/ Action 

The mechanism by which plant sterols mediate their cholesterol-Iowering action 

is not fully understood (23). It has been proposed that the subtle difference in their 

structure causes an associated steric asymmetry (Figure 1), which allows plant sterols 

to compete effectively with cholesterol for uptake into micelles and eventual sterol 

transfer across the intestinal epithelial cell. At present, the Neimann Pick CL 1 protein 

(NPCLl) is the proposed transporter, which is thought to mediate the transfer of the 

sterol-containing micelle across the intestinal barrier (23). In the presence of 

phytosterols, less cholesterol will be transferred across this barrier since incorporation 

into micelle is essential in this process. As a consequence of this action, cholesterol 

absorption and plasma levels decrease; in compensation, cholesterol synthesis may 

increase while plant sterol absorption and plasma levels increase. The rise in plasma 

plant sterol levels, however, is minimal for two reasons. First, absorption of 

campesterol and sitosterol occurs at 1.9 % and 0.5 %, respectively (28, 29). Second, 
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plant sterols may additionally be shuttled back to the intestine via the phytosterols

specifie transporter prote in ABCG5/G8, located at the apical membrane of the 

intestinal epithelial cells (23), thus preventing the majority of plant sterols from 

reaching the plasma compartment. 
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2.2 Plasma Campesterol & Sitosterol Levels 

2.2.1 Determinants 0/ Circulating Levels 

2.2.1.1 Die! 

Plant sterol consumption, as mentioned above, is dependent on intake of oils 

and to a lesser extent on breads, nuts and whole vegetables. Consequently, circulating 

plasma plant sterollevels may be determined by diet as weIl (3). In a study by 

Kempen et al, however, it was demonstrated that dietary plant sterol intake, indirectly 

estimated from fibre consumption, was not significantly correlated with plasma plant 

sterollevels (30). Moreover, in a 1 year study by Berge et al, it was observed that 

plasma plant sterol concentrations, taken at 24-48 week intervals, were very stable 

intra-individually with variation in replicate samples drawn 48 weeks apart ranging 

from 0.20-2.6% (26). Baseline plasma plant sterollevels, unaffected by changes in 

natural diet, must thus have an underlying biological compone nt (26). 

2.2.1.2 Genetics 

Baseline plasma plant sterollevels varyextensively in the population (26). 

Campesterol and sitosterol levels are skewed in distribution within an American 

population, where plasma concentrations vary approximately between 3.7-16 Jlmol/L 

and 2.4- 12 JlmollL, respectively (26). Baseline plasma plant sterollevels from a 

Dutch population showed a similar skewed distribution with campesterol and 

sitosterol plasma concentrations approximately between 3.0-30 JlmollL and 3.1-19 

JlmollL, respectively (30). The intra-individual stability of plant sterols and variability 

ofplant sterols between individuals and populations suggests that sterol absorption is 

geneticaIly controlled (26). In fact Berge et al demonstrated that the heritability of 
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plasma plant sterol concentration is greater than 80 % for sÏtosterol and campesterol 

(26). Given the fact that baseline plasma plant sterollevels are largely determined by 

genetics and relatively unaffected by diet, circulating plasma plant sterol 

concentrations may provide insight into understanding certain aspects of intestinal 

absorption. In fact current research suggests that cholesterol absorption can vary 

significantly between individuals who express different polymorphisms of the 

ABCG5/G8 and NPCL-I transporter proteins, which control plant sterol absorption 

(31,32). 

-
2.2.2 Surrogate Markers 0/ Absorption 

2.2.2.1 Plant Sterol Absorption 

Campesterol and sitosterol are plant derived. Therefore circulating plasma 

levels reflect plant sterol absorption since marnmalian synthesis of phytosterols is not 

possible (5). As a result elevations in plasma plant sterols, which follow plant sterol 

use may be predicted by plasma campesterol and sitosterol concentrations, however, 

no study thus far has examined response to plant sterol therapy in this context. 

2.2.2.2 Cholesterol Absorption 

Plasma plant sterols may additionally be used to indirectly measure cholesterol 

absorption (33). Cholesterol absorption efficiency has previously been shown to 

correlate weIl with both baseline carnpesterol (r = 0.75; P < 0.05) and sÏtosterol (r = 

0.81; P < 0.05) levels (34). Determination of cholesterol absorption efficiency using 

this method has previously been demonstrated using absolute plasma plant sterol 

levels or plasma plant sterol to lathosterol, a precursor in cholesterol synthesis, or 

plasma plant sterol to cholesterol ratios (15, 19). In this manner, cholesterol 
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absorption is measured while accounting for hepatic cholesterol synthesis (19). 

Whether plasma plant sterols are expressed as absolute values or ratios, they can only 

assess cholesterol absorption under static conditions where dietary plant sterol intake 

is fixed and baseline levels of plant sterols are measured (35); this no longer exists 

under dynamic conditions where plant sterol treatment is given. In su ch cases, plant 

sterols compete with cholesterol uptake thus altering cholesterol absorption 

significantly and only showing a 15-48 Ilmol/L increase in plant sterol absorption. As 

a result, reductions in cholesterol concentrations after plant sterol therapy may be 

predicted by baseline measurements of plasma plant sterol concentrations (35). In fact 

two recent trials, which assessed cholesterol absorption using this technique, 

confirmed that plasma plant sterols reflect cholesterol absorption as individuals with 

the greatest baseline levels of plasma plant sterols show a greater cholesterol-lowering 

response after plant sterol use (15, 19). Although this method is fast and relatively 

inexpensive, data cannot be considered quantitatively since cholesterol absorption 

efficiency is determined indirectly (18). Additionally, there has been concem that the 

variability of plant sterol intake might affect interpretation of results in spite of the fact 

that it has been clearly shown that dietary intake of phytosterols is not a determinant of 

baseline plasma plant sterollevels (26, 30). Consequently assessment of cholesterol 

absorption using baseline plasma plant sterol levels is acceptable, however, data may 

be further confirmed using more stringent techniques such as the dual isotope method 

(18). 
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2.3 Plant Sterol Supplementation 

2.3.1 Safety 

Plant sterol supplementation favorably alters the lipid profile while minimally 

elevating plasma plant sterollevels (l). Concems regarding this treatment have 

recently surfaced since plasma plant sterols, if present in high enough levels, are 

potentially atherogenic and ultimately serve as cardiovascular risk inducing agents (5). 

This situation presents itself in the rare autosomal recessive disorder, sitosterolemia 

(5). The first two cases of sitosterolemia were described by Bhattacharyya and 

Connor in 1974 (23). Two normocholesterolemic sisters, who had developed 

xanthomas as children, were found with plasma sitosterol levels that were above the 

normal range of 15-48 IlmollL and exceeded 4111lmollL. The lethality of 

sitosterolemia was fully realized when its association with premature CVD was 

established in a 5-yr old atherosclerotic girl with exceedingly high plasma sitosterol 

levels. Since then, other cases of the diseasehave been reported suggesting that 

elevated plasma plant sterollevels are detrimental to health (23). From the reported 

cases, it has been established that the major clinical symptoms of this disease are 

development of xanthomas of the Achilles tendon, the extensor tendons of the hands 

and possibly tuberous xanthomas at an early age as weIl as angina pectoris, 

myocardial infarction and sud den death as a resuIt of premature atherosclerosis. In 

spite of these findings, recent studies indicate that plant sterol treatment increases 

plasma plant sterollevels to only 15-48 Ilmol/L in hypercholesterolemic but healthy 

individuals (5, 6, 36). 
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In a cross-over placebo controlled trial, Nestel et al demonstrated that a 4-week 

supplementation of 2.4 g/d of plant sterols in margarine caused an overall 51 % 

increase in plasma campesterol in 22 hypercholesterolemic subjects (16). Post sterol 

treatment campesterol concentrations for the study group were approximately 13.0 ± 

6.0 and 17.39 ± 9.42 ~mollL for placebo and plant sterol phases of the study, 

respectively. 

In a trial by Clifton et al, 105 % and 45 % increases in campesterol and 

sitosterollevels were observed in 35 mildly hypercholesterolemic subjects after a 6-

week supplementation with 6.6 g/d of plant sterols in bread, cereal and spread, as 

compared to control (13). The post treatment campesterol and sitosterol levels for the 

plant sterol supplementation phase of the trial were 15.75 ± 5.50 and 11.35 ± 4.35 

~mollL, respectively. Baseline campesterol and sitosterollevels for the study were 

7.75 ± 3.75 and 7.97 ± 3.62 ~mollL, respectively. 

In a parallel-arm placebo-controlled study, Christiansen et al examined the 

effect of plant sterol dose of 3.0 g/d in a spread for hypercholesterolemic subjects over 

the course of 6 months (12). Percent increases in sitosterol levels were 75 %, as 

compared to control. There were no significant increases in campesterol levels, as 

compared to control. Post sterol treatment campesterol and sitosterollevels were 9.50 

± 4.00 and 7.00 ± 2.90 ~mollL, respectively. Post-treatment campesterol and 

sitosterollevels for the placebo phase of the study were 9.75 ± 3.75 and 3.86 ± 1.21 

~mollL, respectively. 

In a placebo-controlled parallel arm trial, Davidson et al considered the effect 

of a 3.0 g/d of plant sterols in a fat spread and salad dressing for 84 free-living 
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subjects over an 8-week period (14). Campesterol significantly increased by 43 % 

while no elevations were noted for sitosterol. Post sterol treatment campesterol and 

sitosterol concentrations ranged between 12.12 - 42.40 and 1.42 - 20.85 JlmollL, 

respecti vel y. 

Finally, Mussner et al demonstrated in a cross-over trial, that supplementation 

of 1.82 g/d of plant sterols to 63 healthy individuals elevated plasma campesterol and 

sitosterollevels by 78 and 35 %, respectively (15). This corresponds to post-treatment 

campesterol and sitosterol concentrations of9.00 ± 3.75 and 4.35 ± 1.93 Jlmol/L, for 

the control phase and 16.60 ± 5.50 and 6.04 ± 2.42 JlmollL for the plant sterol phase, 

respectively. 

From the data presented above, it is evident that plasma plant sterollevel 

elevations following plant sterol supplementation vary between individuals (12-16). 

However, the greatest increases observed from these studies conducted in healthy 

individuals do not compare to concentrations expressed in sitosterolemic individuals 

(12-16). In fact, post sterol treatment concentrations of sitosterol and campesterol 

observed in the Christiansen et al study did not ev en exceed the moderate increase in 

plasma plant sterols that are associated with plant sterol therapy (12). Moreover, in 

this same study, changes in campesterollevels were not significantly changed 

following plant sterol therapy. Similarly, Davidson et al demonstrated that plasma 

sitosterol concentrations are not significantly affected by plant sterol therapy (14). 

Consequently, many researchers believe that plant sterol use should still be regarded 

as safe (1, 4, 37). Supplementation of plant sterols, however, may not be appropriate 

for individuals with high baseline plasma plant sterol levels. Recent studies have 
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demonstrated that even mode st levels (15-24 J.lmol/L) of plasma plant sterols may be 

risk factors for CVD (7, 9) (Table 2). 

In a study by Glueck et al, plasma phytosterol levels were assessed in 595 

hypercholesterolemic individuals with and without a pers on al or family history of 

CVD (7). Twenty-four percent of individuals with campesterollevels in the upper 5 

% of the study group were found have to premature CVD. On the other hand, none of 

the individuals with campesterol levels in the lower 5 % of the study group were found 

to have premature CVD. The author stated that the association between CVD and 

campesterol was established independently of serum cholesterol, as the median level 

ofthis lipid parameter was not different between the upper and lower group. Serum 

cholesterol and campesterol, however, were significantly correlated suggesting that the 

association, which was established between CVD risk and campesterol, was 

confounded by cholesterol (r=0.15, p=0.0003). Since plasma cholesterol is a major 

risk factor for CVD this lipid parameter should have been controlled for using multiple 

regression analysis so that the true association between plasma plant sterols and CVD 

could have been established. No significant association between sitosterol and CVD 

risk was found in this study. 

Sudhop et al compared the levels of plasma plant sterols in patients with and 

without a family history of CVD who had been admitted to the hospital for elective 

artery coronary bypass graft (ACBG) operation (10). From the 42 men and Il women 

with a proven personal history of CVD, serum campesterol and sitosterol 

concentrations were approximately 30 % higher in patients with a positive family 

history of CVD. Wh en expressed as a ratio to cholesterol, serum campesterol and 
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sitosterol remained higher for patients with a positive history ofCVD. However, as 

illustrated in a recent review by Chan et al (38), it is difficult to interpret these results 

and make generalizations for the population as a whole because this study did not 

include a true control group. 

Rajaratnam et al examined the relationship between plasma plant sterollevels 

and CVD in a population ofpost-menopausal women consisting of the cases who had 

been successfully treated for CVD and aged-matched controls (9). Serum campesterol 

and sitosterol concentrations were found to be significantly higher in the cases than the 

controls. Introduction of baseline cholesterollevels into the regression model did not 

affect the association between CVD and plasma plant sterol concentrations. 

In a nested case-control study by Assmann et al, plasma sitosterol and 

campesterol levels were compared between cases of myocardial infarction or major 

coronary event and age and smoking status matched controls (11). It was concluded 

that sitosterol concentrations were significantly higher in the cases than the controls; 

however, no difference in concentrations were noted once sitosterol was expressed as 

a ratio to cholesterol. Concentrations of campesterol showed a non-significant trend 

that was higher in the cases than controls, which remained non-significant ev en when 

values were expressed as a ratio to cholesterol. They did note, however, that the 

hazard ratio for CVD risk was significantly increased a 3-fold once data was stratified 

into quartiles in terms of sitosterol or the sitosterol/cholesterol ratio. 

Miettinen et al considered the association between serum plant sterollevels 

and the progression of atherosclerosis, as measured by the cholesterol content of 

atheromatotic plaques in 25 patients undergoing carotid endarterectomy (8). 
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Individuals were ranked into triads based on the cholesterol content of their 

atheroscIerotic tissues. No association between serum and tissue plant sterol to 

cholesterol ratios were noted between the tissue triads. Across individuals within each 

triad, however, it was observed that the ratio of campesterol to cholesterol in the 

serum was significantly correlated with the ratio observed in the carotid wall (r = 0.56, 

P < 0.01, r = 0.80, p < 0.001, r = 0.68, p < 0.001 for the 1 st, 2nd and 3rd triad, 

respectively). The relationship between serum plant sterols and the progression of 

atheroscIerosis would have been more accurately examined had a comparison of ail 

individuals been undertaken. 

As a result of improved technology, a recent study considered the role of plant 

sterols in CVD using a more advanced techniques that quantify their association with 

atheroscIerotic plaques. Wilund et al assessed the role of plasma plant sterols in 

young atheroscIerotic adults, by associating levels with coronary calcium, as assessed 

using electron beam computer tomo"graphy and with family history of CVD (6). 

Although cholesterol was significantly associated with coronary calcium (r = 0.12, P < 

0.001), this relationship was not apparent for either campesterol (r = -0.01, P = 0.63) 

or sitosterol Cr = -0.03, p = 0.27). No significant relationship was found between 

farnily history and plasma plant sterol concentrations. Cholesterol, however, was 

found to be significantly higher in women with a farnily history of CVD, as compared 

to control. Further studies using Electron Bearn Computerized Tomography (EBCT) 

are required, however, as this is the on1y study that assesses the association between 

CVD risk and plasma plant sterols in such a novel manner. 
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From these five studies, it is plain to see that there is no conclusive evidence 

linking plasma plant sterols levels to CVD risk (7-11). While Glueck et al showed a 

significant association of CVD risk with campesterol and not sitosterol, Assmann et al 

showed reciprocating results (7, Il). Furthermore, in both studies the association 

between plasma plant sterols and CVD risk was potentially confounded as the 

relationship was not established independently from plasma cholesterol levels. 

Although Sudhop et al concluded a significant association between plasma plant 

sterols and CVD risk, which was independent of plasma cholesterol, a lack of a true 

control makes it difficult to apply to a CVD free population (10). Rajartnam et al, 

however, did include a proper control in their study and established a significant 

association between plasma plant sterols and CVD risk which was independent of 

cholesterol concentrations (9). Furthermore, Miettinen et al demonstrated that plant 

sterol content in atherosclerotic plaques reflects levels in the blood, suggesting that 

plant sterols may play a role in the progression of atherosclerosis (8). Their findings, 

however, are not supported by a recent study by Wilund et al (6), in which advanced 

techniques show that plasma plant sterols do not associate with the progression of 

atherosclerosis. As no consensus can be reached with regards to the association 

between moderate plasma plant sterollevels and CVD risk in these studies (6-11), 

debate over plant sterol use continues. 

2.3.2 Anti-Hypercholesterolemic Effects 

There have been several reviews which summarize the cholesterol-Iowering 

effects of aIl plant sterol research to date (1-3). Overall these reviews indicate that 

plant sterol treatment achieves beneficial dose-dependent cholesterol lowering effects 
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that are maximally effective at treatment doses of approximately 2.0-2.5 g/day. At the 

recommended dose, these studies collectively demonstrate an approximate 10 % 

decreasein plasma LDL-C levels, and no change in plasma TG and plasma HDL-C 

levels with respect to controllevels. Within and between studies, however, 

alterations in lipid profile do not necessarily follow this pattern. 

In a cross-over design trial, Hallikainen et al demonstrated that a 1.5 g/d dose 

of plant sterol supplemented margarine decrease LDL-C levels significantly overall by 

JO.7 %, as compared to control over 4 weeks (39). Response to supplementation of 

LDL-C levels within their study group, however, was more variable and ranged 

between -6.7 and -15 %. HDL-C andTG levels showed a 3.3 % and -8.9 % change, 

respectively, which was not significant when compared to control. 

Clifton et al similarly demonstrated in a cross-over study that 6.6 g/d of plant 

sterols supplemented in bread, cereal and margarine spread favorably decrease LDL-C 

levels by -12.4 %, as compared to control, in 35 mildly hypercholesterolemic adults 

over a 6-week period (13). They noted as well that this response was variable and 

ranged between an increase and decrease in LDL-C levels of 1.05 mmol/L and 1.64 

mmollL, respectively. HDL-C and TG levels showed non-significant increases and 

decreases of2.2 and 5.5 %, respectively, when compared to control. 

In a cross-over study, Noakes et al demonstrated that the average LDL-C level 

of a moderately hypercholesterolemic group decreased by 10 % when receiving a 2.0 

g/d dose of plant sterols supplemented into a spread, as compared to the control diet 

over a 3-week period (40). Individually, however, the LDL-C lowering response to 

plant sterol supplementation ranged between 0.32-0.66 mmol/L. Non-significant 
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decreases in HDL-C and TG levels were 1.6 and 3.6 % respectively following plant 

sterol supplementation, as compared to control. 

In a 1.61 g/d supplementation trial, Hendriks et al established that plant sterols 

in spread reduce LDL-C levels by 9.2 %, as compared to control in healthy and mildly 

hypercholesterolemic individuals over a 3.5-week period (41). The LDL-C lowering

response ranged between 0.15-0.36 mmol/L. The range of response may have been 

smaller for this trial than the ranges presented from the aforementioned studies since 

the dose ofplant sterols was not as great for this study. Non-significant decreases in 

HDL-C and TG concentrations were noted to be -0.6 and -7.1 %, respectively as 

compared to control. 

Vissers et al demonstrated that an approximate 2.0 gld dose of plant sterol 

supplemented margarine reduced group LDL-C levels by 8.5 % over a 3-week period, 

which is similar to those studies mentioned above (42). As with the trial mentioned 

beforehand, the range in the reduction of LDL-C within the group was small (0.10-

0.30 mmol/L), suggesting that response to plant sterol supplementation does not show 

large inter-variability. Changes in HDL-C and TG concentrations were -0.7 and 4.9 

%, respectively, as compared to control. 

In a recent cross-over trial, Y oshida et al found that 1.8 gld of plant sterols 

supplemented in bars reduced LDL-C levels non-significantly by -6.1 %, as compared 

to control over a 3-week period (43). This percent change, in spite ofbeing smaller in 

magnitude than that of the aforementioned studies, may have achieved significance if 

its range had been less variable (3.1-7.7 %). The changes to HDL-C and TG were 1.0 

and -4.1 %, respectively, as compared to control. 
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In a cross-over trial by Mussner et al, 1.82 g/d was supplemented into 

margarine for 63 healthy subjects over a 3 week period (15). LDL-C levels were 

reduced by -6.5 %, which is similar to the results achieved by Yoshida et al. Unlike 

the previous trial, however, plant sterol supplementation achieved significant 

reductions in LDL-C levels. In contrast to the studies mentioned above, HDL-C was 

significantly reduced by 3.5 %. No significant changes in TG were observed. 

In a cross-over study by Volpe et al, plant sterols were supplemented at a 1.0-

2.0 g/d dose of plant sterol supplemented yoghurt in subjects with primary to moderate 

hypercholesterolemia over a 4-week period (44). Following plant sterol 

supplementation, LDL-C levels dropped by Il.1 %, as compared to baseline. The 

range in the LDL-C reductions during the plant sterol phase was 8.6-31.2 %, 

indicating a large inter-individual response to treatment. Changes in TG and HDL-C 

levels were non-significant. 

Independently, these studies demonstrate that plant sterols do not strictly lower 

LDL-C levels by 10 %; rather reductions in this parameter are more variable and range 

between 6-15 % (13, 15,39-44). Although the study design may be the most 

probable explanation for the disparity in percent reductions between studies, one 

cannot exc1ude the possibility that response to plant sterol treatment may be variable 

between individuals. This explanation becomes more favorable when one recognizes 

that percent changes in LDL-C levels after plant sterol supplementation are highly 

variable for individuals within studies where compliance was good. Since plasma 

plant sterollevels show inter-individual variability (30) and reflect cholesterol 
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absorption efficiency (18), it is not surprising that the cholesterol-Iowering response of 

this therapy varies between individuals. 

In 2002, Mussner et al showed that plasma campesterol to cholesterol ratios 

were associated with the cholesterol-Iowering response to a 1.82 gld dose of plant 

sterol supplemented into margarine over a 3-week period (15). LDL-C levels were 

significantly reduced by 7.4 % in individuals with high plasma campesterollevels. 

Conversely, individuals with low plasma campesterollevels showed non-significant 

reductions in their plasma LDL-C levels. Changes across aIl participants in the study, 

however, were not assessed. 

More recently, Thuluva et al demonstrated that plasma lathosterol to 

campesterol was equally predictive of the cholesterol-Iowering response of a 1.0 gld 

dose plant stanols supplemented into margarine over a 4-week period (19). Study 

participants in the high lathosterol to campesterol ratio and low lathosterol to 

campesterol ratio groups showed changes of 4.3 and -13.8 %, respectively. This study 

additionally demonstrated a significant relationship between lathosterol to campesterol 

ratio and percent change in lipid levels for aIl individuals following plant sterol 

supplementation. The limitation ofthis study, however, was that it lacked a control. 

2.3.] Anti-Inflammatory Effects 

Plant sterols, in addition to lowering-cholesterol, have anti-inflammatory 

properties. A study by Bouc et al. showed that plant sterols reduced levels ofTNF

alpha and IL-6 (20). The reduction in the se inflammatory markers is beneficial since 

TNF -alpha and IL-6 activate C-reactive protein (21, 22) which has been associated 

with elevated risk for CVD. Despite the fact that plant sterols have been shown to 
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reduce TNF -alpha and IL-6, few studies to date have considered the effects of this 

agent on CRP levels (45, 46). 

In a study by Jenkins et al, 2.0 g/d of plant sterols significantly reduced CRP 

levels in study participants below the 75th percentile (3.5 mglL) for CRP, as compared 

to control (46). The anti-inflammatory action, however, could not be firmly 

established in this trial; the test diet also contained other components such as soy 

protein, almonds and viscous fibres, which may have contributed to the reduction of 

CRP levels. 

In a study by AbuMweis et al, consumption of 1.7 gld of plant sterols resulted 

in non-significant changes to CRP levels (45). In addition, plant sterols did not 

significantly lower TC, LDL-C or plasma plant sterollevels either. The cholesterol

lowering effect of plant sterols may not have been apparent, however, as treatment 

was supplemented at a dose given once a day. As part of the study design of previous 

trials that showed that plant sterols reduce LDL-C, treatment had been given at 

multiple time points per day. Therefore, it could not be concluded that plant sterols do 

not alter CRP levels since they did not alter any lipid parameter either. 

The two studies mentioned above did not conclusively establish whether plant 

sterols mediate their anti-inflammatory effects through CRP (45, 47). It is difficult, 

however, to establish an association between plant sterols and CRP, as this 

inflammatory marker also strongly correlated with exercise (48), smoking and alcohol 

consumption (49,50) and influenza (51). Therefore, it is difficult to isolate whether 

acute changes in its levels are due to changes in cholesterol levels, or other potential 

mediators of inflammatory response (46). Consequently many factors must be 
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considered wh en using CRP as a marker for CVD related studies so that accurate 

conclusions can be established. 
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Figure 1: Chemical structure of cholesterol, campesterol and sitosterol (adapted 
from Ostlund et al, 2002 (3» 

HO HO 

Cholesterol Campesterol Sitosterol 

Table 1: Plant sterol content offoods (adapted from Ostlund et al, 2002 (3» 

Food Plant Sterol Content 
(mgll00 mg edible portion) 

Corn oil 952 
Sunflower oil 725 
Safflower oil 444 
Soybean oil 221 
Olive oil 176 
Almonds 143 
Beans 76 
Corn 70 
Wheat 69 
Lettuce 38 
Tomato 7 

Table 2: Levels of plasma plant sterols associated with elevated CVD risk 

Study Plasma Concentration (flmol/L) 
Campesterol Sitosterol Sum of Plant Sterols 

Assmann et al, 2001 11.2 5.25 16.4 
Glueck et al, 1991 6.40 9.10 15.5 
Sudhop et al, 2002 12.5 9.70 22.2 
Rajaratnam et al, 2000 15.3 8.03 23.3 
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3.1 Abstract 

Background: Plant sterols have been shown to effectively lower cholesterollevels. 

However, their use remains controversial as moderately elevated plasma 

concentrations have been associated with an increase in CVD risk. Objective: To 

examine whether baseline plasma sum of campesterol and sitosterol concentrations 

were associated with ensuing changes in plasma campesterol and sitosterol and TC 

and LDL-C and CRP following plant sterol therapy in otherwise healthy 

hypercholesterolemic men. Design: This single-blinded, randomized, controlled study, 

consisted of two four-week phases separated by a 4-week wash-out, where participants 

consumed the placebo or the 2.0 g/d plant sterol supplemented diet. Results: Plant 

sterol supplementation increased (p<O.OOOl) campesterol and sitosterollevels by 24.3 

and 28.2 %, respectively, for the total study population. Changes in plasma 

concentrations, however, were not different between high and low plant sterol 

individuals. TC and LDL-C levels were decreased (p<O.OOOl) by 6.3 and 7.8 %, 

respectively, for aIl individuals. Changes in lipid parameters were not different 

between high and low plant sterol individuals. No changes in CRP for total and high 

and low plant sterol individuals were noted. Conclusions: Baseline plasma sum of 

campesterol and sitosterol do not predict changes in campesterol, sitosterol, TC, LDL

C and CRP, following plant sterol therapy. Consequently, baseline plasma plant sterol 

levels may not be indicative of the safety and efficacy of plant sterol therapy. 
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3.2 Introduction 

Hypercholesterolemia is a major yet modifiable risk factor for the development 

of coronary heart disease (CHD) (41). While statins are primarily prescribed to treat 

this condition, with consumption of plant sterol-enriched food s, cholesterol is reduced 

in a natural yet effective manner in subjects with more modestly elevated serum 

cholesterol concentrations (52). Results from a meta-analysis of 41 trials show that 

the intake of 2 g/d of plant sterols (PS) reduces low-density lipoprotein cholesterol 

(LDL-C) by on average 10 % (1). In accordance with their beneficial health effects, 

plant sterols and stanols are recommended as part of the therapeutic lifestyle changes 

aimed at reducing LDL-C in the National Cholesterol Education Program (NCEP) 

Adult Treatment Program (A TP) III guidelines (4). 

Plant sterols mediate their cholesterol-Iowering effect by competing with 

cholesterol uptake by dietary mixed micelles and subsequent uptake into intestinal 

epithelial cells resulting in an inhibition of intestinal cholesterol absorption (1, 2, 4, 

53). Consequently, PS cause positive changes in the serum lipid profile, while 

minimally elevating plasma PS concentrations. 

In the general population, plasma PS concentrations range from 6.9 to 27.9 

IlmollL and 2.8 to 16.0 IlmollL for campesterol and sitosterol, respectively (38). After 

dietary intake of 2 g/d of plant sterols, plasma plant sterol concentrations are modestly 

elevated to 14.5 - 48.3 JlmollL in hypercholesterolemic, yet otherwise healthy 

individuals (5). Plasma plant sterol concentrations of290 - 966 Jlmol/L, however, 

are associated with sitosterolemia, a rare genetic disorder, characterized by premature 

atherosclerosis and CHD events (5). Certain observational studies also suggest that 
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slightly elevated concentrations of PS might be associated with an increased risk of 

cardiovascular events; however, this relationship has not been consistently shown in 

aIl studies (6-11,54). Plasma plant sterol concentrations may reflect PS absorption 

efficiency (5), thus there is a need to address whether individuals with high baseline 

plasma plant sterols (HPS) hyperabsorb PS and show elevations in plasma levels 

which are greater than what has previously been established in the literature. 

In addition, earlier studies have reported that plant sterols may only 

show beneficial cholesterol-lowering effects in individuals with high baseline plasma 

plant sterol concentrations (15, 19). Plasma plant sterol concentrations may also 

reflect cholesterol absorption efficiency (18). Accordingly, individuals with higher 

plasma plant sterol levels may hyperabsorb cholesterol and thus bene fit more from an 

inhibition of intestinal cholesterol absorption. However, the se results have yet to be 

replicated in the context of a diet-controlled study. 

Plant sterols may additionally play an important role in the anti

inflammatory response. Plant sterols have been shown to reduce plasma 

concentrations of the inflammatory markers, interleukin-6 (IL-6) and tumor necrosis 

factor-alpha (TNF-a) (20). IL-6 and TNF-a have been further shown to increase 

concentrations of the CVD risk marker, C-reactive protein (CRP) (21, 22). Thus plant 

sterols may affect CRP via a reduction in IL-6 and TNF-a; however~ data to this effect 

is limited (45, 46, 55). 

Plasma plant sterol concentrations reflect sterol absorption (18). Thus, HPS 

individuals may show a greater elevation in plasma plant sterols after intake of plant 

sterol-enriched foods and plasma concentrations could even exceed the 14.5 - 48.3 
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~mollL previously established in the literature. In addition, consumption of plant 

sterols may reduce serum cholesterol concentrations the most in individuals with high 

baseline plasma plant sterol concentrations. Also, plant sterols may beneficially lower 

CRP. Therefore, the aim ofthis study was to determine i) whether baseline plasma 

concentrations of plant sterols (the sum of sitosterol and campesterol) and ii) whether 

consumption of a plant sterol-enriched spread for 4 weeks would result in a different 

response in serum total (TC) and LDL-cholesterol, (LDL-C), in plasma campesterol, 

sÏtosterol and CRP in male hypercholesterolemic individuals, with either high (HPS) 

or low (LPS) baseline plasma plant sterol concentrations. 

3.3 Subject and Methods 

3.3.1 Subjects 

Ninety male subjects were recruited by advertisement in local newspapers. 

clinics and community centers in the West Island and surrounding area of Montreal. 

Inclusion criteria required that participants were between 35 - 70 yrs of age, normal to 

moderately overweight (as defined by a 25 kg/m2 < BMI < 32 kg/m2
), moderately 

hypercholesterolemic (as defined by LDL-C > 3.0 mmoIlL), with no medical history 

of diabetes or uncontrolled hypertension or uncontrolled hypothyroidism; patients 

taking any cholesterol-Iowering medication within the last 6 months were excluded 

from the study. Eighty-two of the 90 participants enrolled in the study completed the 

trial successfully; two of the subjects withdrew from the study because they moved 

and 6 of the subjects withdrew from the study due to personal reasons. AlI study 

participants gave their written informed consent and the study protocol was approved 
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by the Ethics Committee of the Faculty of Medicine at McGill University. No adverse 

effects to the treatment margarine were noted over the course of the study. 

3.3.2 Recruitment Strategy 

In order to effectively recruit a sufficient number of men with high and low 

baseline plant sterol concentrations, a recruitment strategy was undertaken in the fonn 

of a plant sterol acceptance protocol. A distribution curve for the sum of plasma 

campesterol plus sitosterol concentrations of the first 40 subjects enrolled into the 

study was realized by averaging the 151 and 2nd screening plasma plant sterol results of 

each participant. The 251h and 751h percentiles of the distribution curve was 

detennined and used as the cut-offlimits for further screening. Entrance criteria for 

any new potential subjects required that they either had a high (above the 751h 

percentile) or a low (below the 251h percentile) plasma sum of campesterol plus 

sitosterol concentrations. 

3.3.3 Experimental Design 

During the two 4-week phases of the randomized, single-blinded, controlled 

trial subjects only consumed the test diets provided by the metabolic kitchen of the 

Mary Emily Clinical Nutrition Research Unit. The controlled diet contained 25 g of a 

regular low-fat margarine or the same margarine, which provided an amount of2.0 

g/day of plant sterols (prepared by Unilever Foods, Purfleet, UK) (Table 7). The daily 

spread serving was divided into three equal portions and provided with each of the 

three daily meals in a three-day rotating menu. The two phases of the study were 

separated by a 4-week washout period, where subjects consumed their regular 

uncontrolled home diet and did not come to the clinic. The diets were equicaloric and 
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followed the guidelines for a Heart Healthy Diet where dietary intake of fat, 

carbohydrate and protein represented 30 %,55 % and 15 % of the energy, respectively 

(Table 6). Both food and beverages were provided in amounts to maintain a stable 

body weight. Calorie intake foreach participant was determined using the Mifflin 

equation (56), where small adjustments were made ifthere were fluctuations in body 

weight over the course of the first week into the study. Body weights continued to be 

monitored daily throughout the remainder ofthe study. Subjects consumed their 

breakfast each morning at the clinical unit un der supervision of the staff. The other 

two meals were prepared and packed for consumption at work or at home. Subjects 

were required to consume aIl foods and beverage provided by the unit and instructed 

to refrain from all other food and beverage consumption, including coffee and a1cohol. 

Post-treatment plant sterol coricentrations served as an indicator of compliance since 

absolute and percentage changes of plasma campesterol and sÏtosterol increase in 

subjects consuming a plant sterol supplemented diet (35). 

3.3.4 Blood Protocol 

On days 1, 2, 28 and 29, blood was drawn after a 12 hour fast and collected in 

EDT A and serum tubes. Serum tubes were allowed to sit for 30 minutes to ensure 

proper coagulation. Blood was then centrifuged at 520 x g for 20 minutes at 40 C to 

ensure proper separation of plasma and serum, which was then stored in 

microcentrifuge tubes at _800 C until further analysis of circulating concentrations of 

lipids, CRP and plant sterols. 
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3.3.5 Analyses 

3.3.5.1 Lipid and C - reactive prote in concentrations 

TC, triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) were 

measured from serum samples using respective reagent Flex on a multianalyzer 

(Dimension RxL Max, Behring Diagnostics, Marburg, Germany) (57-59). LDL-C 

was indirectly ca1culated using the equation by Friedwald et al (60). Serum CRP was 

assessed using a highly sensitivity CRP assay (Dade Behring Diagnostics, Marburg, 

Germany). 

3.3.5.2 Lipid and C - reactive prote in concentrations 

Plant sterols were extracted following the procedure set by Wolthers et al (61). 

After the addition of the internaI standard, 5-a cholestane, 0.3 ml of plasma was 

saponified with methanolic KOH for 2 hrs at 100° C. Addition of doubly distilled 

water and petroleum ether enabled extraction of the non-saponifiable neutral sterols 

which were dried under nitrogen, derivitized with TMSi reagent [pyridine

hexamethyldisilazan-trimethylchlorosilane (9:3: 1, vol:vol)] and quantified using gas 

chromatographie analysis ofplant sterol peak areas (62). Duplicate samples were 

injected into agas chromatograph (Varian 3400, Varian, Palo Alto, CA) fitted with a 

30-m capillary column (SAC-5; Supe1co, Bellefont, PA) and a FID detector. Plasma 

plant sterols were identified using authentic standards purchased from Sigma-Aldrich 

Canada Ltd., Oakville, Ontario. 

3.3.5.3 Statistics 

Sample size for this study was set at 96 with a 20 % drop-out rate. The trial 

was designed with a power of 80 %, an alpha of 5 % and the assumption that 2.0 g/d 
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ofPS would reduce LDL-C by approximately 10%. The data were analyzed using 

SAS software (version 9.1 SAS Institute Inc., NC). AIl data presented in tables are 

expressed in means ± SEM. A repeated measures ANOVA design was used to 

establish an association between baseline plasma plant sterol concentrations, 

(individuals with high (HPS) vs. low (LPS) baseline plasma plant sterols) and 

treatment (plant sterol intake vs. placebo). High and low groups were designated 

using both the 2Sth and 7Sth percentile, as weIl as the soth percentile as eut-off points 

(Figure 2). Values presented in the tables inc1ude data obtained using both grouping 

methods where groupings established using the soth percentile appear in brackets. In 

addition, regression analysis was used to assess whether baseline plasma plant sterol 

concentrations predict changes in serum cholesterol as weIl as campesterol and 

sitosterol concentrations across aIl individuals. Spearman correlations were used to 

show a relationship between the sum of baseline plant sterol concentrations with 

serum lipid and CRP concentrations across aIl individuals (n = 82). Shapiro-Wilks 

statistics were used to test for normality. Transformation was carried out on CRP data 

to correct for non-normality. Statistical significance was set at p < O.os. 
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3.4 Results 

3.4.1 Subject Baseline Characteristics 

Subject baseline characteristics are presented in Table 3. The study population 

consisted ofmiddle aged (51.3 ± 1.0 yr), moderately overweight (BM] = 28.4 ± 0.4 

kg/m2
), hypercholesterolemic (as defined by a LDL-C of3.71 ± 0.09 mmol/L) male 

participants. Average circulating concentrations of campesterol, and sitosterol and 

campesterol plus sitosterol for this study group were 12.8, 6.7 and 19.5 Ilmol/L, 

respectively. By design of the study, the HPS group possessed higher (p < 0.0001) 

mean campesterol, sitosterol and sum of plant sterol concentrations compared with 

levels of the LPS group. The HPS group was found to have higher (p < 0.05) mean 

TC, LDL-C, and HDL-C concentrations than the LPS group. The LPS group also had 

a higher mean (p = 0.041) BMI than that of the HPS sterol group, but only when data 

were expressed in terms of the 25th/75th percentile groupings. No differences in 

baseline TG or CRP concentrations were found between groups. Across aIl 

individuals, the sum of baseline plant sterol concentrations were found to correlate 

with TC (r = 0.44, p < 0.0001), LDL-C (r = 0.38, p = 0.0004), HDL-C (r = 0.32, p = 

0.0037) and non-HDL-C (r = 0.39, p = 0.0003). No relationship could be established 

for baseline circulating plant sterols with CRP or TG. 

3.4.2 Effect of Plant Sterols on Baseline Plasma Lipid and C - Reactive Protein 

Levels 

The post-treatment and percent change in lipid and CRP levels for plant sterol 

and placebo phases of the study are presented in Table 4 and 8 and Figures 7 and 8. 
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For the total study population, intake of2.0 glday of plant sterols reduced (p < 

0.0001) the absolute post-treatment concentration and the percent change in TC by 

0.32 mmol/L and 6.3 %, respectively, as compared to control (Figure 7). For HPS 

and LPS groups established from the 25th/75th percentiles, absolute post-treatment TC 

concentrations were reduced by 0.24 and 0.26 mmol/L, respectively; percent decreases 

for these two groups were 2.9 and 2.7 %, respectively, as compared to control (Figure 

8). For HPS and LPS groups established using the 50th percentile, TC was reduced by 

0.34 and 0.26 mmol/L; percent decreases for these two groups were 7.6 and 5.0 %, 

respectively, as compared to control. No significant interaction between treatment and 

group was observed. The effect of group was only significant when baseline 

concentrations were not controlled for in the ANOY A model (p < 0.01). 

Across aIl individuals, LDL-C was reduced (p < 0.0001) by 0.28 mmol/L, or 

7.8 % as compared to control (Figure 7). For HPS and LPS groups established from 

the 25th/75 th percentiles, absolute post-treatment LDL-C concentrations decreased by 

0.26 and 0.27 mmol/L; percent decreases for these two groups were 4.6 and 4.9 %, 

respectively, as compared to control (Figure 8). For the high and low pl~nt sterol 

groups established from the 50th percentile, LDL-C was reduced by 0.30 and 0.25 

mmol/L, respectively; percent decreases for these two groups were 9.7 and 5.9 % 

(Figure 2), respectively, as compared to control. No significant interactions were 

observed between treatment and group. The effect of group on LDL-C was only 

significant when baseline concentrations were not controlled for in the ANOY A model 

(p < 0.01). 
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For aIl subjects, HDL-C concentrations were reduced (p < 0.03) by 3.1 % or 

0.02 mmol/L, respectively, as compared to control (Figure 7). For the high and low 

plant sterol groups established from the 2Sth/ 7Sth percentiles, HDL-C was changed by 

0.01 and -0.02 mmol/L, respectively; percent decreases for the se two groups were 0.89 

and 1.S %, respectively, as compared to control. For HPS and LPS groups established 

from the SOth percentile, post-treatment HDL-C concentrations decreased by 0.01 and 

0.02 mmol/L; percent reductions for these two groups were 2.3 and 3.8 % (Figure 8), 

respectively, as compared to control. There was no significant interaction between 

treatment and group. 

For the study population, TG was decreased (p = 0.034) by 7.7 %, as compared 

to control (Figure 7). There was no change, however, in post-treatment concentrations 

ofthis lipid parameter. AdditionaIly, no differences were observed in percent change 

of TG concentrations between high and low plant sterol individuals (Figure 8). No 

significant association was noted for baseline circulating plant sterol concentrations 

and C-reactive protein. 

3.4.3 Effect of Plant Sterols on Baseline Circulating Plasma Plant Sterol Levels 

The post-treatment and percent change in plasma plant sterollevels for the 

plant sterol and placebo phases of the study are presented in Table S & 9 and Figures 9 

& 10. 

For aIl individuals, plasma campesterol concentrations were elevated (p < 

0.0001) by 24.3 % or 3.7 flmol/L following intake of2.0 g/d of plant sterols (Figure 

9). The mean post plant sterol intervention campesterol concentration was 19.8 

flmol/L. For HPS and LPS groups established from the 2Sth17Sth percentiles, the 
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absolute post-treatment concentrations of campesterol were elevated from 22.1 to 29.2 

Ilmol/L and from 10.1 to 13.2 Ilmol/L; percent increases were 31.9 and 49.1 %, 

respectively, as compared to control (Figure 10). For HPS and LPS groups established 

from the 50th percentile, the absolute post-treatment campesterol concentrations were 

elevated from 20.2 to 24.5 Ilmol/L and from 12.0 to 15.2 IlmollL; percent increases 

were 13.8 and 34.9 %, respectively, as compared to control. There was no interaction 

between treatment and group. 

Across aIl study participants, sitosterol concentrations were increased (p < 

0.0001) by 28.2 % or 2.7 IlmollL (Figure 9). The mean post plant sterol intervention 

sitosterol concentration was 12.7 Ilmol/L. For HPS and LPS groups established from 

the 25th175th percentiles, the post-treatment concentrations of campesterol were 

elevated from 12.5 to 16.9 Ilmol/L and from 6.4 to 7.6 Ilmol/L; percent increases were 

51.8 and 46.0 %, respectively, as compared to control (Figure 10). For HPS and LPS 

groups established from the 50th percentile, post-treatment campesterol concentrations 

were elevated from 12.0 to 14.8 Ilmol/L and from 7.8 to 10.5 Ilmol/L; percent 

increases were 28.8 and 27.6 %, respectively, as compared to control. There was no 

interaction between treatment and group. 

Across aIl study participants, lathosterol and desmosterol concentrations were 

not changed following plant sterol supplementation, as compared to control.. There 

was no significant interaction between group and treatment for either lathosterol or 

desmosterol. 
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3.4.4 The Relationship between Percent Change in Lipid and Plasma Plant Sterols 

Levels following Plant Sterol Therapy 

For lipid levels, no significant relationship was observed between baseline 

campesterol plus sitosterol concentrations and the percent changes in TC and LDL-C 

foIlowing PS intake across aIl study participants, as compared to control (radj. = -0.059, 

p = 0.399; radj. = 0.109, P = 0.811, for TC and LDL-C respectively) (Figure 3). 

Similarly, no significant relationship was apparent wh en baseline campesterol plus 

sitosterol concentrations were plotted against end of PS phase lipid values across aIl 

individuals, as compared to control (radj = -0.130, p = 0.722; radj. = 0.151, p = 0.150, 

for TC and LDL-C respectively). 

For plant sterollevels, baseline campesterol plus sitosterol concentrations were 

not found to be significantly correlated with percent changes in campesterol and 

sitosterol foIlowing PS intake across aIl study participants, as compared to control (radj. 

= -0.1 0, P = 0.69; radj. = -0.11, P = 0.86, for campesterol and sitosterol, respectively) 

(Figure 4). Similarly, no significant correlation was apparent when baseline sum of 

plant sterol concentrations were plotted against the absolute post plant sterol treatment 

PS concentrations for aIl individuals, as compared to control (radj. = -0.08, P = 0.48; 

radj. = -0.13, P = 0.73, for campesterol and sitosterol respectively). 

3.4.5 The Relationship between Percent Change in Lipid and Plasma Plant Sterols 

Levels following Plant Sterol Therapy 

No significant relationships were observed between the percent change in TC 

vs. campesterol, TC vs. sitosterol, LDL-C vs. campesterol or LDL-C and sitosterol 
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following plant sterol therapy (r= -0.034, p=0.94; r = -0.018, p=0.66; r=-0.034, 

p=0.96; r=-0.0096, p=0.53, respectively) (Figure 5 and 6). 
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3.5 Discussion 

This study demonstrates that the sum of baseline circulating PS concentrations 

does not predict or associate with elevations in plasma plant sterols, following a 

dietary intake of2.0 g/d of plant sterols. Although elevations in circulating.PS 

concentrations were highly variable between individuals, changes occurred 

independently of the sum ofbaseline circulating plant sterol concentrations. 

The baseline circulating plant sterol concentrations were, however, 

significantly related to the baseline lipid concentrations (TC, LDL-C and HDL-C) and 

the BMI of the participants enrolled in the study. Miettinen et al have demonstrated 

that HPS and LPS individuals, established from the cholestanol to cholesterol ratios, 

have a significantly different average BMI; however, their groups did not differ in 

terms oftheir TC, LDL-C and HDL-C (63). The contradictory data obtained from 

these studies may be attributed to a difference in genetic background of the 

populations under investigation; the apoE and ABCG5/G8 genes, which are known to 

influence cholesterol absorption and BMI, are thought to account for 16.4 to 22.7 % of 

.the variation in plasma plant sterol concentrations (38). On the other hand, the present 

study compared lipid concentrations of HPS and LPS groups established from the 

absolute plant sterollevels of study participants; thus it is possible that a difference of 

BMI between HPS and LPS groups would have been noted if groups had been 

established using PS ratios, as demonstrated in a recent study by Pinedo et al (54). The 

mean baseline campesterol and sitosterol concentrations of 12.8 ± l.2 and 6.7 ± 0.6 

Jlmol/L were found to fall within the range of concentrations established in a recent 

meta-analysis by Chan et al (6.9 to 27.9 Jlmol/L and 2.8 to 16.0 Jlmol/L), respectively. 
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Excessively elevated concentrations of plasma plant sterols are associated with 

the rare yet lethal autosomal-recessive disorder, sitosterolemia (5). Since elevations in 

plasma concentrations following treatment are not comparable to the 290-966 IlmollL 

concentrations expressed in sitosterolemic individuals, plant sterol should be viewed 

as safe (5). Mussner et al demonstrated in a cross-over trial, that supplementation of 

1.8 g/d of plant sterols to 63 healthy individuals elevated plasma campesterol plus 

sitosterol concentrations from 9.0 to 16.6 IlmollL and 4.4 to 6.0 IlmollL (15). Clifton 

et al, showed that supplementation with a greater dose of 6.6 g/d in 35 mildly 

hypercholesterolemic subjects increased campesterol and sitosterol concentrations to a 

similar extent (7.8 to 15.8 IlmollL and 8.0 to Il.4 IlmollL, respectively) (13). No 

studies thus far, however, have considered the extent to which PS intake elevates 

concentrations of plasma plant sterols in HPS and LPS individuals. Circulating PS 

concentrations reflect plant sterol absorption (5). Accordingly, HPS individuals may 

show a higher elevation in circulating PS concentrations than what has already been 

established in the literature, if they hyperabsorb plant sterols. 

The results presented here conclusively demonstrate that an intake of 2.0 g/d of 

plant sterols does not elevate plasma plant sterols concentrations to levels 

characterized by sitosterolemia. The elevations in plasma plant sterols which were 

observed in this trial are comparable to the 14.5 - 48.3 Ilmol/L concentrations 

previously established in the literature. 

Certain studies suggest that moderately elevated plasma plant sterol 

concentrations are associated with a greater CHD risk (7-11). Glueck et al were the 

tirst to recognize the relationship between campesterol but not sitosterol 

41 



.~. 

concentrations and CHD in a study of 565 hypercholesterolemic patients (7). 

Similarly, Assmann et al found that the sitosterol, but not campesterol, concentrations 

were significantly higher in cases of myocardial infarction or major coronary event 

than in age and smoking status matched controls (11). Although Assmann et al and 

Glueck et al both concluded that plasma plant sterols are associated with CHD risk, 

the relationship was not established independently from serum cholesterol, which on 

its own is a major risk factor for CHD (7, Il). Additionally, these studies cannot be 

used together as supporting evidence that CHD risk is associated with moderately 

elevated plasma plant sterol concentrations, as the relationship of campesterol and 

sitosterol with CHD was inconsistent between studies. Data obtained by Rajaratnam 

et al and Sudhop et al (9, 10) do indicate, however, that the association between 

plasma plant sterols and CVD risk exists for both campesterol and sitosterol. These 

findings are strongly supported by data from Miettinen et al that demonstrated that the 

campesterol and sÏtosterol content in atherosclerotic plaques reflect concentrations in 

serum (8). Nevertheless the proportion of cholesterol to plant sterol concentrations in 

serum and plaque tissue and the ratio plant sterols/cholesterol remains the same, 

suggesting no preferential uptake of plant sterol into plaque tissue and thus no 

accelerated accumulation. 

Overall, the se studies show limited evidence to suggest that slightly elevated 

plasma plant sterol concentrations are associated with a greater CHD risk; however, 

PS use may be perceived as less favorable for HPS individuals since they may have 

higher intestinal plant sterol absorption efficiencies. Results from this study, however, 
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demonstrate that HPS individuals, despite having indigenously high PS levels, do not 

show greater elevations in circulating PS concentrations after plant sterol treatment. 

Providing further evidence that moderately elevated plasma plant sterol 

concentrations are not associated with an increased risk of CHD are two recent case

control studies. Wilund et al demonstrated that plasma plant sterol concentrations do 

not differ between individuals with a positive history ofheart disease and case

matched controls (6). Baseline plasma plant sterol concentrations did not associate 

with atherosclerosis based on arterial calcium scores, a marker of the degree of 

atherosclerosis. More recently Pinedo et al also demonstrated that baseline plasma 

plant sterol concentrations were no different among healthy individuals who 

developed CHD during a 6-year follow-up and case-matched controls (54). 

Baseline plasma plant sterol concentrations were further examined in the 

context oftheir role in the cholesterol-lowering response to plant sterol intake. 

Contrary to findings by Mussner et al and Thuluva et al (15, 19), the present study 

demonstrates that baseline plant sterols are not predictive of changes in TC and LDL

C, following plant sterol supplementation. For both those studies, however, 

significant associations between baseline plasma plant sterol concentrations and the 

cholesterol-lowering response were established in free-living individuals. 

Furthermore the linear relationship established in the trial by Thuluva et al may have 

been confounded by clustering of the data, as only HPS and LPS individuals were 

included in the regression analysis (19). Nonetheless, it is difficult to make cross

comparisons between these studies, as cholesterol absorption efficiency was 

determined using plasma plant sterol to cholesterol or lathosterol ratios in the previous 
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studies. Ultimately, the relationship between baseline plasma plant sterol 

concentrations and cholesterol absorption efficiency would have most accurately been 

captured not with plasma plant sterol concentrations or ratios but rather with direct 

isotopie techniques. 

To summarize, this study demonstrates that the baseline plasma plant sterol 

concentrations are not associated with or predictive of changes in plant sterols, lipid or 

CRP concentrations following plant sterol supplementation. AdditionaIly, elevations 

in plasma plant sterol concentrations for this study are by far not comparable to values 

expressed in sitosterolemia. In view ofthese data, a supplement of2.0 g/d of plant 

sterols should be viewed as a beneficial cholesterol-Iowering therapy that minimally 

elevates circulating PS concentrations to the same extent in aIl individuals, 

irrespective to their baseline plasma plant sterol concentrations. Further studies 

examining the effect of long-term use of plant sterols are required, however, to clearly 

define the relationship between .dietary intake of plant sterols and CHD risk. 

44 



.,,"-- -

4 Summary and Conclusions 

The aim of this thesis was to determine whether the baseline sum of plant 

sterols (campesterol plus sitosterol) levels can predict the changes in plasma plant 

sterols, CRP and lipid levels, which follow plant sterol supplementation. The 

following paragraphs discuss the rationale, the key results of the study and the 

significance ofthose findings. In addition, the following sections examine the 

challenges encountered over the course of the project as weil as the direction taken to 

resolve these problems. 

Plant sterol supplementation is not completely favoured as a cholesterol

lowering therapy since extremely elevated plasma concentrations are associated with 

the rare yet lethal autosomal disorder, sitosterolemia (5). Several trials, however, have 

demonstrated that the 14-48 ~mol/L elevations in plasma campesterol and sitosterol 

levels following plant sterol therapy do not compare to levels expressed in 

sitosterolemic patients (12-16). Nonetheless, plant sterol use remains a concem as 

moderately elevated levels of plasma campesterol and sitosterol have been associated 

with CVD risk (7-11). Consequently. supplementation of plant sterols in individuals 

with elevated baseline plasma plant sterols may not be appropriate. Evidence by 

Wilund et al and Pinedo et al demonstrate, however, that moderately elevated plasma 

plant sterols are not associated with the progression of atherosclerosis or CVD risk (6, 

54). Accordingly, plant sterol supplementation is controversial for individuals with 

high baseline plasma plant sterol levels, with the majority of studies suggesting that 

intake may not be appropriate. 
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Treatment ofhypercholesterolemia with plant sterol therapy is additionally 

controversial as the anti-hypercholesterolemic effects ofthis agent are not apparent in 

aIl individuals. In fact two previously conducted studies in free-living populations, 

noted that the cholésterol-lowering effect of plant sterol supplementation was only 

beneficial for individuals with elevated plasma plant sterol concentrations (15, 19). 

The positive cholesterol-lowering effects, however, may not outweigh the risks that 

have been associated with plant sterol supplementation for this subset of the 

population. 

Still, plant sterols may prove beneficial for heart health despite the fact that 

moderately elevated plasma plant sterols levels have been implicated in CVD risk. 

Previous research has demonstrated that plant sterols reduce plasma concentrations of 

the inflammatory markers, IL-6 and TNF-alpha (20), which eIevate levels of the CVD 

promoting factor C-reactive protein (21, 22). Consequently plant sterols may improve 

CVD risk if they reduce CRP levels as weil. 

In view of the controversy surrounding the safety of plant sterol therapy and its 

efficacy as a cholesterol-lowering agent, a human clinical trial was conducted to 

examine the effect of plant sterol supplementation in male hypercholesterolemic 

individuals with high and low baseline levels of plasma campesterol and sitosterol. As 

specific values for high and low baseline concentrations of plasma plant sterols have 

not yet been ascertained in the literature, high and low cut-offs needed to be 

established in order to effectively address the objectives ofthis study. From the 40 

individuals enrolled in the trial, high and low baseline plasma plant sterollevels were 

taken as the 75th and 25th percentile cut-offs ofthat distribution, respectively. 
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Consequently, this trial assumed that the distribution ofbaseline plasma plant sterol 

levels of the fort Y individuals initially enrolled in the study accurately reflected the 

distribution for the population. 

There are several techniques, which may be used to assess plasma plant sterol 

concentrations. However, for the purpose ofthis study, gas chromatography was used 

to measure plasma plant sterollevels. Using this technique, plasma campesterol and 

sitosterol concentrations are assessed by integrating peak size obtained in the GC 

analysis. The sitosterol peak was easily integrated with GC; however, the campesterol 

peak was less so as it tended to be adjoined with an earlier peak. This earlier peak 

may in fact be another plant sterol, however, at the present time it remains 

unidentified. Consequently, campesterol peak size could not accurately or precisely 

be determined and a certain amount of estimation was required in the integration 

process. As a result, stronger data might have been obtained in the analysis had the 

campesterol measurements been more accurate and precise. Still, measurements of 

plasma campesterol were consistent as the interference of the unknown peak was 

consistent in size across samples of the respective study subject. Nonetheless, the 

need to obtain accurate and precise plant sterol measurements was stressed in a recent 

review by Chan et al, which showed that bio-analytical techniques might account for 

22.5 % of the variation in plasma plant sterol concentrations. Ultimately, gas 

chromatography- mass spectrometry (GC-MS) could have been used to accurately and 

precisely measure plasma campesterol concentrations as this technique allows for 

separation and resolution of the campesterol peak. Nonetheless, plasma campesterol 

concentrations obtained using GC and GC-MS is comparable suggesting that either 
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technique is acceptable for making plasma campesterol measurements or 

(REFERENCE). Furthermore the intra-analysis CV was noted to be less than 3 %. 

Accordingly campesterol measurements were made with a limited amount of 

ImpreCISIOn. 

A comparison of baseline characteristics between groups showed that 

individuals with high baseline plasma plant sterol levels had significantly higher TC, 

HDL-C and LDL-C but lower BMI values than individuals with low baseline plasma 

plant sterol levels. While previous research supports the results obtained here (10, 

Il), other studies indicate that there is no difference in the baseline cholesterol 

concentrations between individuals with high and low baseline levels of plasma plant 

sterols (9, 63). A review by Chan et al recently showed that genetics is an important 

factor in determining baseline plasma plant sterol concentrations (38). Accordingly, it 

may be difficult to cross compare studies that assess baseline characteristics in 

different populations. 

The results ofthis single-blinded, 2-phase, cross-over trial demonstrated that 

individuals with high and low plasma plant sterol concentrations showed the same 

changes in plasma campesterol, sitosterol, TC, LDL-C and CRP concentrations after a 

4-week supplementation of2.0 gld of plant sterols, as compared to control. Similarly, 

across al! individuals no linear relationship was apparent for baseline plasma plant 

sterol levels and change in plasma plant sterols, lipids and CRP levels, as compared to 

control. 

Plant sterol supplementation may have been perceived as less favorable for 

individuals with high baseline plasma plant sterol concentrations due to their high 
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plant sterol absorption efficiency. Results from these studies, however, demonstrate 

that HPS individuals, despite being hyper absorbers of PS do not show greater 

elevations in circulating PS concentrations after plant sterol treatment. Thus, the 

findings of this study suggest that plant sterol therapy is safe as plant sterol 

supplementation resulted in similar changes in plasma plant sterols for individuals 

with high and low plasma plant sterol concentrations. Still, the final plasma 

concentrations were higher for individuals with high baseline plasma plant sterol 

levels as compared to individuals with low baseline plasma plant sterollevels, after 

plant sterol supplementation. Accordingly, full justification of the safety of plant 

sterols can only be established once it has been fully established that moderate levels 

of plasma plant sterol concentrations are not associated with CVD risk. 

The conclusions drawn from this study are limited, however, as it was assumed 

that only individuals with high and low baseline plasma plant sterol concentrations 

had been included in the trial. On the other hand, many potential study candidates 

were excluded from the study as the recruitment protocol specified that individuals 

express certain plasma plant sterol concentrations. 

Contrary to other research (15, 19), this trial also demonstrates that plant 

sterols bene fit aIl individuals regardless oftheir baseline plasma plant sterollevels. 

Cholesterol absorption efficiency, however, between trials was assessed using 

different indirect measurement techniques thus making il difficult to cross compare 

data. In the end, the assessment of cholesterol absorption efficiency in high and low 

plasma plant sterol individuals would have best been ascertained using direct 

techniques, such as the single or dual isotope method (18). 
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Nonetheless, there were several strengths to this study. A sufficient number of 

individuals with high and low baseline plasma plant sterol levels were recruited in 

order to achieve a power of 80 %. In addition, this trial was metabolically controlled. 

Accordingly, the anti-hypercholesterolemic and anti-inflammatory effects of plant 

sterols could be investigated without consideration of the background diet. 

Results from this trial also show that plant sterols do not alter CRP levels for 

the whole study group or in high and low plasma plant sterol individuals. Changes in 

CRP may not have reached significance, as values were highly variable and ranged 

from -12 to 45 g/L following plant sterol treatment, as compared to the control phase. 

On the other hand, the present trial was adequately powered, thus, it is unlikely that 

changes in CRP would have reached significance with a larger population size. The 

large variability in the data set may be attributed to the fact that CRP is affected not 

only by CVD risk but also other factors such as exercise (48), smoking and alcohol 

consumption (49, 50) and influenza (51). Consequently assessment ofCVD risk with 

CRP may not be appropriate. Still, sorne researchers have shown a consistent 

relationship between CRP and CVD risk (64). Regardless of the lack of association 

between CRP reduction and plant sterols, the approximate 10 % reductions in LDL

cholesterol still demonstrate that this therapy is beneficial for heart health. 

Hypercholesterolemia is a major risk factor for CVD, the leading cause of 

morbidity and mortality worldwide (l). Plant sterols may be used as a cholesterol

lowering therapy, however, until this point questions of safety and efficacy surrounded 

its use in individuals with high and low plasma plant sterol individuals. Plant sterols 

may now be considered as a natural and cost-effective therapy, as baseline plasma 
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plant sterols concentrations may not be indicative of the safety and efficacy of this 

treatment. 

Future directions in research still require that the effects of plant sterol 

supplementation be examined in a long-term study; this would clearly demonstrate 

that baseline plasma plant sterol levels do not associate with CVD risk. The efficacy 

and safety of plant sterol treatment should be also investigated by measuring 

cholesterol and plant sterol absorption using direct techniques. 
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Table 3: Baseline cbaracteristics for tbe total study population and for subjects above tbe 75th 

(HIGR) and below tbe 25tb (LOW) percentile of screeni~g sum of plasma plant sterollevels 
(n=42) 

Variable Total (n=82) 

Age (yrs} 51.3±1.0 
Weight (kg) 88.6 + 1.4 
SMI (kg/m2

) 28.4 ± 0.4 

Total cholesterol (mmoI/L) 5.82 ± 0.10 
HDL cholesterol (mmoI/L) 1.21 ± 0.03 

LDL cholesterol (mmoI/L) 3.71 ± 0.09 

non-HDL cholesterol (mmoI/L) 4.75 ± 0.10 
Total:HDL cholesterol 4.94+0.10 
Triglycerides (mmoI/L) 2.03 ± 0.10 
Campesterol (IlmoIlL) 12.76 ± 1.21 

Sitosterol (IlmoI/L) 6.72 ± 0.64 

Sum of Campesterol and Sitosterol (IlmoI/L) 19.48 ± 1.83 
C-Reactive Protein (mg/L) 2.46 ± 0.31 

Different superscript letters indicate significance between groups. 
*p<O.05, tp<O.O 1, using one-way ANOV A . 
Ali values are expressed as Means ± SEM 

25th and 75th percentile eut-off (n=42) 
High Low 
51.7±2.08 52.1±1.9 
85.3 ± 2.3 91.2 + 2.8 
27.5 ± 0.6 a 29.7 ± 0.9 b 

6.27 ± 0.14 a 5.42±0.13 Tb 

1.30±0.29 a 1.12 ± 0.04 Tb 

4.00±0.10 a 3.34±0.12 Tb 

4.97±0.13 a 4.29 ± 0.12 Tb 

4.98±0.14 4.92 ± 0.12 
2.18±0.15 2.31 ± 0.22 

19.51 ± 1.17 a 6.02 ± 0.26Tb 

10.18 ± 0.67 a 3.26 ± 0.16Tb 

29.68 ± 1.79 a 9.28 ± 0.31 Tb 

2.44 ± 0.35 2.22 ± 0.25 



Table 4: Post-treatment and percent change in lipid and CRP results for subjects above the 75th' (IIIGH) 
and below the 25th (LOW) percentile eut-off of scrcening sum of plant sterollevels (n=42) 

Lipid parameter Group/I ntervention 
Post-Treatment Percent Change (%) 

Mean SEM Group Sterols Mean SEM Group Sterols 

High PS3/PS3 5.42 0.22 0.0052 0.0006 -13.1 + 2.2 0.059 0.024 

Total cholesterol 
High PS3/placebo 5.66 0.23 -10.2+ 2.2 

Low PS3/PS3 4.55 0.19 -15.0 + 2.2 

Low PS3/placebo 4.81 0.18 -12.3 T 2.9 

High PS3/PS3 1.15 0.2 0.0068 0.54 -9.9 
. 

2.7 0.0084 0.52 
HDL cholesterol

2 
High PS3/placebo 1.14 0.04 -9.0 2.5 

Low PS3/PS3 0.96 0.05 -14.2+ 2.2 

Low PS3/placebo 0.98 0.04 -12.7 T 3.5 

LDL cholesterol
1 

High PS3/PS3 3.45 0.15 0.0052 <0.0001 -12.8 T 3.0 0.074 0.011 

High PS3/placebo 3.71 0.18 -8.2 3.1 

Low PS3/PS3 2.81 0.15 -12.4 T 3.8 

Low PS3/placebo 3.08 0.14 -7.4 
. 

4.3 

High PS3/PS3 1.81 0.21 0.62 0.79 -10.2 7.7 0.46 0.28 
Triglycerides High PS3/placebo 1.83 0.19 -10.8 * 6.7 

Low PS3/PS3 1.74 0.17 -23.6 5.3 

Low PS3/placebo 1.66 0.14 -11.8 9.3 

High PS3/PS3 4.27 0.21 0.013 0.0003 -13.6+ 2.4 0.13 0.017 

Non-HDL High PS3/placebo 4.52 0.21 -10.2 + 2.3 

cholesterol 2 Low PS3/PS3 3.59 0.16 -15.2+ 2.4 

Low PS3/placebo 3.83 0.16 -12.1 T 2.9 



High PS3/PS3 4.77 0.19 

Cholesterol/HOL 
2 High PS3/placebo 5.01 0.18 

Low PS3/PS3 4.84 0.18 

Low PS3/placebo 4.99 0.19 

High PS3/PS3 1.96 0.30 

C-Reactive Protein 
High PS3/placebo 2.35 0.46 

Low PS3/PS3 2.37 0.42 
Low PS3/placebo 2.93 ... 0 __ 6(3_ 

-----------

*p<O.05, tp<O.OOI, ~p<O.OOOI signiticant From baseline, paired t-test. 
1 Low density Iipoprotein, LDL 
2 High density Iipoprotein, HDL 
3 Plant Sterol . 

0.92 0.0004 -2.4 2.6 0.61 0.073 
-0.7 2.0 

-0.6 2.0 

1.2 2.0 

0.63 0.63 -1.7 9.4 0.12 0.29 
17.0 17.3 

35.1 24.0 

26.0 24.9 
--- -----

AlIlipid values are expressed in mmol/L, except for Cholesterol/HOL which is expressed as a ratio. CRP is expressed in mg/L 
Ali data are presented as means ± SEM. CRP data was log-transformed before statistical analysis 
For post-treatment data, ANOV A model was used. 
For percent change data, ANCOV A model was used with baseline lipid levels as covariates. 
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Table 5: Post-treatment and percent change in plant sterol concentrations for subjects above the 75th 
(HIGH) and below the 25th (LOW) percentile eut-off of screening sum of plant sterollevels (n=42) 

Plasma Sterols Group/Intervention Post-treatment 
Mean SEM Group 

High PS/PS 29.24 2.35 <0.0001 

Campesterol 
High PS/placebo 22.12 2.65 

Low PS/PS 13.22 0.92 
Low PS/placebo 10.05 0.60 

High PS/PS 16.93 1.56 <0.0001 

Sitosterol 
High PS/placebo 12.47 1.74 

Low PS/PS 7.58 0.68 

Lo~ PS/placebo ~6.40 0.62 
- -

*p<0.05, tp<O.OOI, ~p<O.OOO 1 significant From baseline, paired t-test. 
Ali sterol values are expressed in f..lmoliL. 
Ali data are presented as means ± SEM. 
For post-treatment data, ANOY A model wasused. 

Tx Mean 
<0.0001 24.61 

-7.3! 
39.7* 
-9.4* 

0.0021 33.61 
-18.21 
32.01 
-14.01 

For percent change data, ANCOY Amadei was used with baseline sterollevels as covariates. 

Change (%) 

SEM Group Tx 
11.9 0.044 0.0006 
10.6 

15.5 
9.42 
17.9 0.15 0.0028 
11.8 
17.6 
10.3 



Table 6: Composition of background diet 

Nutrient Amountl3000Cai Percentage (%) 

Protein 113-116g 15 
Carbohydrates 419-426 9 55 
Fats 101-103 9 30 
Saturated 26-30 9 7-8 
Monounsaturated 38-41 9 11-12 
Poly unsaturated 24-30 g 7-9 
Cholesterol 240-268 mg 
Fiber 36-39 g 

Table 7: Composition of plant sterol spread 
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Table 8: Post-treatment and percent change in lipid and CRP levels for total 
study population (n=82) 

Lipid parameter Intervention 
Post-Treatment 

Mean SEM Tx 

Total cholesterol 
Plant Sterols 4.92 0.10 <0.0001 

Placebo 5.24 0.10 

HDL cholesterol~ Plant Sterols 1.05 0.02 0.029 

Placebo 1.07 0.02 

LDL cholesterol' Plant Sterols 3.13 0.08 <0.0001 
Placebo 3.41 0.09 

Triacylglycerols Plant Sterols 1.65 0.09 0.18 
Placebo 1.71 0.09 

Non-HDL Plant Sterols 3.87 0.09 <0.0001 
Cholesterol 2 Placebo 4.17 0.10 

Cholesterol/HDL 
2 Plant Sterols 4.82 0.11 <0.0001 

Placebo 5.01 0.11 

C-Reactive Protein 
Plant Sterols 3.39 0.67 0.26 

Placebo 2.74 0.38 

*p<O.05, tp<O.OOI, +p<O.OOOI significant from baseline, paired t-test. 
1 Low density lipoprotein, LDL 
2 High density Iipoprotein, HDL 

Percent Change (%) 

Mean SEM Tx 

-14.9+ 1.03 <0.0001 

-8.é 1.29 

-12.1 + 1.27 0.024 
-9.0:t: 1.48 

-13.7+ 1.51 <0.0001 
-5.9:t: 1.77 

-18.1 + 3.13 0.034 

-10.4t 3.44 

-15.5+ 1.12 <0.0001 
-8.4:t: 1.34 

-2.4* 1.17 0.0015 
1.1 1.02 

214.7 201 0.48 
10.2 8.9 

Alllipid values are expressed in mmoUL, except for CholesteroUHDL which is expressed as a RATIO. 
Ali data are presented as means ± SEM. CRP data was log-transformed before statistical analysis. 
For post-treatment data, ANOV A model was used. 
For percent change data, ANCOVA model was used with baseline lipid levels as covariates. 

Table 9: Post-treatment and percent change in plant sterollevels for total 
study population (n=82) 

Plasma Sterol Intervention 
Post-Treatment Percent Change (%) 

Mean SEM Tx Mean 

Campesterol 
Plant Sterols 19.84 1.01 

<0.0001 
26.5 

Placebo 16.10 1.04 2.2 

Sitosterol 
Plant Sterols 12.65 0.97 

<0.0001 
23.2 

Placebo 9.92 0.79 -5.0:t: 

*p<O.05, tp<O.OO l, ~p<O.OOO 1 significant from baseline, paired t-test. 
Ali sterol values are expressed in IlmoUL. 
Ali data are presented as means ± SEM. 
For post-treatment data, ANOVA model was used. 

SEM Tx 

6.6 
0.016 

9.3 

7.6 
0.004 

7.1 

For percent change data, ANCOVA model was used with baseline sterollevels as covariates. 
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') 

Figure 2: Distribution of the sum of campesterol and sitosterollevels for the total study population with the 25th, 
50th and 75th percentile cut-offs (n=82). The 25th

, 50th
, 75 th percentile values were 11.5, 15.3,21.6 f.1mollL, respectively. 
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Figure 3: Regression of baseline plasma sum of campesterol and sitosterol 
concentrations vs. percent change in lipid levels following plant sterol therapy, as 
compared to control. HIGH (+) and LOW (-) plant sterol group (radj. = -0.059, P 
= 0.399; radj. = 0.109, P = 0.811, for TC and LDL-C respectively) 
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Figure 4: Regression of baseline plasma sum of campesterol and sitosterollevels 
vs. percent change in plant sterollevels following plant sterol therapy, as 
compared to control. HIGH (.) and LOW (-) plant sterol group (radj. = -0.10, P 
= 0.69; radj. = -0.11, p = 0.86, for campesterol and sitosterol respectively) 

Q) 
C) 
c 

400.0 

200.0 

~ 0.0 
u 00 
~ -o -200.0 

Loo 

S 
fi) 
CI) 

Co -400.0 
E 
cu 
o 

-600.0 . 

-800.0 

o 
o 0 0 • 

~~ 'tt- ~ ... Il .. -~~ .. 
. 00 20.0 30.0 40.0· 50.0 

-. 
• 

• 
Plasma Sum of Campesterol and Sitosterol (DmollL) 

500.0 

400.0 • 
300.0 

• 
• • 

40.0 50.0 • 

Ci) 
0) 200.0 e 
; 0 

"5 100.0 CtJ 100 • •• • 

; 00 ___ He~ jgjITi., -:..:-" • 
-! 0 0 ~ 20.0 30.0 
.2 -100.0 0 0 

6 .0 

6 .0 

o 
l

, ü) 

-200.0 . o • • i 
-300.0 

1 

1 • 
1 

1 l_~:O __ p_lasma Sum of Campesterol and Sitosterol (OmO_I/_L) ____ J 
60 



Figure 5: Regression of percent change in lipid vs. campesterollevels following 
plant sterol therapy, as compared to control. HIGH (.) and LOW (-) plant 
sterol group (r= -0.0334, p=0.9430; r = -0.0178, p=0.6643, for Total and LDL
cholesterol, respectively.) 
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Figure 6: Regression of percent change in lipid vs. sitosterollevels following plant 
sterol therapy, as compared to control. HIGH (.) and LOW (-) plant sterol 
group (r=-O.0344, p=O.9588; r=-O.0096, p=O.5292, for Total and LDL-cholesterol, 
respectively). 
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Figure 7: Post-treatment and percent change in lipid levels for total study 
population (n=82) 
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Figure 8: Post-treatment and percent change in lipid levels for subjects above the 
75th (HIGH) and below the 25th (LOW) percentile eut-off of screening sum of 
plasma plant sterollevels (n=82) 
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Figure 9: Post-treatment and percent change in plant sterollevels for the total 
study population (n=82) 
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Figure 10: Post-treatment and percent change in plant sterollevels for subjects 
above the 75th (HIGH) and below the 25th (LOW) percentile eut-off of screening 
sum of plant sterollevels (n=42) 
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