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ABSTRACT

Background: Dietary phytosterols (PS) are well-known hypocholesterolaemic agents.
Curcumin elicits hypolipidaemic and anti-inflammatory effects in preclinical studies,

however, consistent findings in humans are lacking.

Objective: Concurrent PS and curcumin supplementation may exhibit enhanced
hypocholesterolaemic and anti-inflammatory effects to optimise cardio-protection. The
objective of this trial was to investigate the effects of dietary intervention with PS with or

without curcumin on blood lipids (primary outcome) in hypercholesterolaemic individuals.

Methods: A double-blinded, randomised, placebo-controlled, 2x2 factorial trial was
conducted in hypercholesterolaemic individuals. Participants received either placebo (PL, no
phytosterols or curcumin), phytosterols (PS, 2g/d), curcumin (CC, 200mg/d) or a combination
of PS and curcumin (PS-CC, 2g/d-200mg/d respectively) for four weeks. Primary outcomes
included fasting total cholesterol (TC), LDL-cholesterol, HDL-cholesterol, triglycerides (TG),
TC-to-HDL-C ratio (TC:HDL-C). Secondary outcomes included anthropometrics and fasting

blood glucose concentrations.

Results: Seventy participants with a mean (=SEM) fasting TC concentration of 6.57+0.13
mmol/L completed the study (PL, n=18; PS, n=17; CC, n=18; PS-CC, n=17). PS and PS-CC
supplementation significantly lowered TC, LDL-cholesterol and TC:HDL-C post-intervention
(»<0.05). Reductions from baseline in the PS group were 4.8% and 8.1% for TC and LDL-
cholesterol respectively (p<0.05). CC exhibited non-significant reduction (2.3% and 2.6%) in
TC and LDL-C respectively, however, the PS-CC resulted in a greater reduction in TC
(11.0%) and LDL-cholesterol (14.4%) than either of the treatments alone (p<0.0001). The

reduction in the PS-CC treatment was significantly greater compared to those for CC



(»<0.05) or PL (p<0.01) alone. Plasma HDL-cholesterol and TG concentrations remained

unchanged across all groups. No adverse side effects were reported.

Conclusions: The addition of curcumin to phytosterol therapy provides a complementary
cholesterol-lowering effect that is larger than phytosterol therapy alone. Implications of these
findings include the development of a single functional food containing both the active

ingredients for enhanced lipid-lowering and compliance in hypercholesterolaemic individuals.

ANZCTR identifier: 1261500095650
Keywords: cholesterol, lipids, phytosterols, curcumin, hypercholesterolemia, cardiovascular

disease.



1. INTRODUCTION

Cardiovascular disease (CVD) remains the number one killer worldwide claiming 31% of
all deaths [1]. In Australia one in six people are affected by CVD and 45,392 lives were
claimed by the disease in 2015 [2]. These statistics are alarming since every 12 minutes, one
Australian dies from CVD [3]. CVD is Australia’s most expensive condition to treat, costing
$1.8 billion per year for CVD medications [4] and $18.3 billion in total economic costs in
2014 [5]. CVD poses several risk factors and 90% of the Australian population are estimated
to have at least one [6]. Dyslipidaemia, as indicated by elevated concentrations of TC, LDL-
cholesterol (LDL-C) and TG, as well as low concentrations of HDL-cholesterol (HDL-C),
continues to be a major CVD risk factor [7]. In 2011-12, one third of the Australian adult
population had abnormal or elevated LDL-C concentrations and 23% had low concentrations
of HDL-C [8]. Whilst lifestyle and pharmacological therapies have proven useful for
managing dyslipidaemia, it is evident that simple, safe, free of serious side effects, cost-

effective and more efficacious strategies are required.

Phytosterols (PS) are non-nutritive compounds naturally found in foods of plant origin
that are structurally analogous to cholesterol and are well known for their cholesterol-
lowering ability [9]. In Australia, PS have been added to common foods such as vegetable fat
spreads and dairy milk in order to assist individuals with achieving therapeutic doses. An
average daily dose of 2g phytosterols lowers plasma LDL-C by approximately 0.31-0.34
mmol/L or 8-10% within 3-4 weeks [10, 11]. Their ability to lower LDL-C concentrations
through reduced intestinal absorption has been well documented. The most widely accepted
mechanism underlying this property is attributed to competitive displacement of dietary and
biliary cholesterol in mixed micelles due to higher affinity for PS [12]. Dietary
supplementation of PS are safe and measured absorption [13] and plasma concentrations are

very small with the majority recovered in the stool [14]. Curcumin is a polyphenol compound



found in the perennial herb Curcuma Longa (turmeric) which belongs to the ginger family.
Curcumin is well known for its abundance of health benefits, namely anti-inflammatory, anti-
proliferative, anti-oxidant and anti-apoptotic effects [15]. In regards to cholesterol
homeostasis, preclinical studies have shown that curcumin modulates hepatic gene
expression, inhibits cholesterol biosynthesis via down-regulation of major lipogenic factors
[16-20], stimulates bile acid secretion, enhances clearance of cholesterol as bile [21, 22] and
mobilises and decreases accumulation of lipids from adipose tissue [21, 23]. Curcumin is
poorly bioavailable as it rapidly undergoes degradation in the liver [15]. Incorporation of
curcumin into liposomes and phospholipids [24], encapsulation as polymer nanoparticles and
complexed with piperine [25], a known inhibitor of hepatic and intestinal glucuronidation
have been shown to improve bioavailability. Curcumin supplementation is safe in humans
with no adverse side effects or events reported, even at higher doses for over 12 months [8,

15, 26].

Since elevated blood lipids and inflammation are the two major CVD risk factors,
concurrent PS and curcumin therapy has the potential to provide a safe and efficacious means
of protection against the development of CVD. PS and curcumin are well tolerated in humans
and do not bear any serious side effects even at high doses [27, 28]. Both nutraceuticals are
recognised as lipid-lowering tools in clinical practice; PS for their major role as a cholesterol
absorption inhibitor and curcumin as an inhibitor of hepatic cholesterol synthesis [20]. The
aim of this study was to examine the effects of dietary intervention with PS with or without
concurrent supplementation with curcumin on circulating blood lipids and to investigate

whether curcumin complements or acts in synergy with PS to modulate lipid markers.



2. METHODS

2.1 Recruitment

Participants with hypercholesterolaemia were recruited from the Hunter region (NSW,
Australia) by radio announcements, newspaper articles and advertisements placed around the
local community. Volunteers were assessed for eligibility by a study investigator if they were:
healthy adults aged between 18 to 70 years; fasting plasma total cholesterol > 5.5 mmol/L; no
CVD, diabetes mellitus, kidney/liver conditions, chronic inflammatory diseases, neurological
conditions or untreated hypertension (= 140/95 mm Hg); not taking lipid-lowering or anti-
inflammatory medication; not consuming PS-enriched products or curcumin/turmeric
supplements or any other supplements known to influence study outcomes e.g. fish oil, krill
oil, flaxseed oil, coenzyme Q10, fibre; BMI < 40 kg/m?; not pregnant or lactating; non-
smoker; and no strong aversion and/or intolerance/allergy to the foods used in the study. The
study protocol was approved by the Human Research Ethics Committee, University of
Newcastle (protocol no. H-2015-0162) and was conducted in accordance with the 1975
Declaration of Helsinki as revised in 1983. All participants provided written informed consent
prior to inclusion in the study. Participants were de-identified at point of enrolment and
identified by alphanumeric codes. The trial was registered with the Australian and New

Zealand Clinical Trials Registry at http://www.anzctr.org.au/ as 1261500095650.
2.2 Trial design

Subjects participated in a four-week, double-blinded, randomised, placebo-controlled,
2x2 factorial intervention in four parallel groups. Allocation to treatment groups was
conducted by the lead investigator (JF) using a computer-generated block randomisation
approach with subjects stratified by gender (Random Allocation Software version 1.0.0).

Blocks of size eight were used to achieve the goal sample size in each group. Participants



were de-identified and assigned alphanumeric codes for identification. The treatment
allocations were concealed and revealed at the conclusion of the study by the senior
investigator (MG). Food product containers were labelled before study commencement with a
code to ensure that neither the investigators nor volunteers could determine intervention

allocation.

Participants were randomised to one of four treatment combinations: placebo (PL; 25 g/d
fat spread plus two placebo tablets), phytosterol-only (PS; 25 g/d PS-enriched fat spread
containing 2 g/d PS plus two placebo tablets), curcumin-only (CC; or 25 g/d fat spread plus
two tablets containing 200 mg/d curcumin) or a combination of PS plus curcumin (phytosterol
+ curcumin, PS-CC). Each 1 gram curcumin tablet contained 500 mg curcuma phospholipid
(Meriva ® Indena) plus excipients; delivering 100 mg curcumin. The placebo tablet was
comparable but devoid of both curcuminoids and soy lecithin, containing more
microcrystalline cellulose. Participants were instructed to consume two tablets each day (one
with morning meal and one with evening meal). The PS-enriched vegetable fat spread was
commercially available (Logicol Original) and predominately based on canola oil and the
placebo spread was equivalent in nutritional profile including fats but devoid of PS
fortification (MeadowLea Canola), see Table 1. The main source of PS esters used in
Australian PS-fortified food products is derived from soybean oil or tall (pine) oil [29]. The
fat spreads were provided to participants in individually portioned containers (25 g/d) and
participants received detailed instruction to displace all habitual margarine and/or butter
consumption with the study spread. Compliance was monitored by evaluating the
consumption log, weighing returned tubs, tablet count pre- and post-intervention and
evaluation of dietary records (analysed with FoodWorks, Xyris ®, Professional Edition
Version 8.0.3551). Irregular use of medications or illness experienced were also logged for

the duration of study participation.



2.3 Clinical assessments

Participants attended two visits (baseline and post-intervention) at the University of
Newcastle, Callaghan, NSW in an overnight fasted state (> 10 h) where anthropometric
measures, medical history, dietary intake, physical activity patterns and fasting blood samples
were collected for primary (plasma TC and LDL-C, HDL-C, TC:HDL ratio, TG) and

secondary outcome measures (glucose).
2.4 Anthropometry and body composition

Anthropometrics (height, weight, waist circumference, weight, BMI) and body
composition was collected at baseline and post-intervention. Participants were measured
wearing light clothing and asked to remove shoes and all metal and/or electronic devices on
person for all measurements. Height (cm), waist circumference (cm) and weight (kg) were
collected to the nearest 0.1 units. Height was measured using a wall mounted stadiometer with
a movable head piece. Waist circumference was measured using a tensible tape measure
positioned midway between the lower rib margin and the iliac crest (approximately belly-
button) horizontally. BMI was calculated as weight/height? (kg/m?). Weight, along with other
body composition parameters (skeletal muscle mass, fat mass, total body water etc) were
measured using bioelectrical impedance (BIA) utilising two different frequencies
(InBody230, Biospace Co.). Measurements were taken in the standing position following a
>10 h fast and participants refrained from vigorous physical activity and alcohol consumption

24 h prior to testing.
2.5 Medical history, dietary intake and physical activity

A self-administered medical history questionnaire was completed by all participants at
baseline to collect information regarding past and present medical conditions;

prescribed/over-the-counter medication(s); use of supplements and habitual intake of alcohol,



PS-enriched products, curcumin/turmeric supplements and habitual use of fats, oils and added
sugars. A three-day food diary and physical activity questionnaire (International Physical
Activity Questionnaire; IPAQ Long Last 7 Days Self-Administered Format, October 2002)
were used to collect measures of habitual dietary intake and physical activity levels
(respectively). Dietary data was entered into a food database system (FoodWorks, Xyris.
Professional Edition Version 8.0.3551). Physical activity data was interpreted as metabolic
equivalent of task minutes per week (MET/week) to measure the energy cost of physical

activities.

2.6 Blood sampling and serum lipid analyses

Fasting blood samples (10 h) were collected into tubes pre-coated with EDTA via
venepuncture by a trained phlebotomist at baseline and post-intervention. Samples were
prepared by centrifuging (Heraeus Biofuge Stratos) for 10 minutes at 3000 x g at 4°C. Plasma,
buffy coat and red blood cell sub-fractions were aliquoted and stored at -80 °C until further
analysis. Plasma TC, HDL-C, TG and glucose concentrations were measured on a VP auto
analyser using standardized reagents by Hunter Area Pathology Service. LDL-C

concentration was determined using the Friedewald equation [30].

2.7 Statistical analysis

Statistical analysis was conducted using StataCorp. 2015 (Stata Statistical Software:
Release 14. College Station, TX: StataCorp LP). All data are presented as means = SEM
(standard error of the mean) unless otherwise specified and the significance level for all
statistical tests was set at 0.05. Sample size was calculated based on previous estimates of
variance in plasma TC concentration (standard deviation 0.5) yielding 80 participants in total
(20 in each group) to provide 80% power at a 0.05 significance level for detection of a 0.50

mmol/L (~10%) reduction in TC and accounting for a 20% dropout rate. At baseline,
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comparability of treatment groups for age, height, weight, BMI, body composition, dietary
intake, fasting lipid profile and change in dietary parameters were assessed by ANOVA for
normally distributed data and Kruskal-Wallis when the assumption of normality was not met.
Comparability between treatment groups for ethnicity and gender was evaluated by the chi-
square test. Within-treatment comparisons from baseline to post-intervention were performed
using the paired samples t-test. Absolute change (mmol/L) was calculated as post-intervention
value minus baseline value and the percent change (%) was calculated as the absolute change
divided by the baseline value, then multiplied by 100. Therefore, for change data, a negative
sign denotes a reduction. The effect of each treatment on the absolute and percent change
from baseline to follow up on the dependent variables (lipid profiles) between groups was
explored using one-way ANOVA. Two-way ANOVA was used to determine whether there
was a significant main effect for each independent variable. An interaction term [PS x
curcumin] was tested between the two independent variables to investigate their effect on the
dependent variables. For significant effects, Tukey’s honestly significant difference was used
to perform post hoc comparisons to test for complementarity and/or synergy between PS and
curcumin. A separate multiple linear regression model was then considered for each response
variable (absolute- and percent change in TC and LDL-C) with treatment group and the
corresponding baseline values of the response variables included as explanatory variables.
The effect of multiple explanatory variables were also adjusted for in the model by their
inclusion as explanatory variables (age, BMI, baseline LDL-C concentrations, baseline
dietary total fat, fibre, alcohol and LCn-3PUFA). Correlations between potential baseline
explanatory variables were assessed and variables with correlation coefficients above 0.8
were identified as potentially multicollinear and the number of potential predictors to include
in the regression was reduced accordingly. The backward stepwise procedure was used for

each regression to select the optimal set of predictors for each model.
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3. RESULTS

3.1 Baseline characteristics

This study recruited 76 participants during the period from end-October 2015 to end-
October 2016. Four participants dropped out of the study due to inability to comply with daily
fat spread consumption (n=3) and illness (n=1). A further two participants were excluded
from the study (poor compliance with study products, n=1 and unreliable (abnormally high
TG) blood test results, n=1). A total of 70 participants (57% females) were included in the
final analysis (PL, n=18; PS, n=17; CC, n=18; PS-CC, n=17) with a mean age of 50.70+1.51
y, BMI of 27.16+0.50 kg/m?, waist circumference of 92.05+1.32 cm, waist-to-hip ratio of
0.93+0.01, skeletal muscle mass of 30.04+0.90 kg and fat percentage of 31.82+1.00. The
majority of study participants were north-west European (79%). Participant allocation is
presented in the CONSORT diagram (Figure 1). At baseline, study participants were
hypercholesterolaemic with TC of 6.57+0.13 mmol/L, LDL-C of 4.384+0.11 mmol/L, HDL-C
of 1.51£0.05 mmol/L, TC:HDL ratio of 4.61+0.15 and median (IQR) TG of 1.29 (0.78)
mmol/L. All participants were comparable on baseline characteristics since there were no

statistically significant differences between treatment groups (Table 2).
3.2 Dietary intake, physical activity and compliance

All groups were comparable at baseline for dietary intake (Table 3). Comparisons
between groups showed no significant differences in the mean change of dietary parameters
from baseline to post-intervention. Since there was no significant change in dietary fat intake
or body weight, it is likely participants replaced habitual fat intake with the intervention fat

spread.

Mean compliance with study product intake was excellent for both fat spreads

(94.58+1.14 %) and tablets (95.77+0.83 %) in all groups. The intervention was tolerated well,
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and no adverse events were reported. Physical activity levels did not significantly change
from baseline to post-intervention nor was there any statistically significant differences

between groups at both time points (data not shown).

3.3 Effect of phytosterol and curcumin intervention on plasma lipid profile and glucose

After four weeks intervention TC, LDL-C and TC:HDL ratio were all significantly
reduced both in terms of absolute- and relative change values: -0.344+0.11 mmol/L (p=0.008)
and -4.8+1.7% (p=0.013), -0.38+0.10 mmol/L (p=0.002) and -8.1+2.4% (p=0.004) and -
0.36+0.11 (p=0.004) and -7.24+2.2% (p=0.006) respectively in the PS group and -0.74+0.16
mmol/L (p=0.0002) and -11.0+1.9% (p<0.0001), -0.63+0.12 mmol/L (p=0.001) and -
14.442.3% (p<0.0001) and -0.48+0.14 (p<0.01) and -9.64+2.2% (p=0.0004) respectively in
the PS-CC group (Table 4, Figure 2). Blood cholesterol parameters did not significantly
change from baseline in the PL and CC group. Across all four treatment groups, there was a
significant difference in absolute and percent change in TC (p<0.01), LDL-C (p< 0.01),
TC:HDL ratio (p<0.05) and plasma glucose (p<0.05). Post-hoc analyses showed that for TC,
PS-CC had a significantly larger reduction in absolute (-0.62+0.19 mmol/L, p=0.011) and
percent change (-8.70+2.80%, p=0.015) compared to CC, and compared to PL (-0.66+0.19
mmol/L, p=0.006 and -9.78+2.80%, p=0.005, respectively). The same trend was evident for
LDL-C, whereby the PS-CC group had significantly larger reductions in absolute (-0.56+0.17
mmol/L, p=0.012) and percent change (-11.86+3.96%, p=0.020) compared to CC, and PL (-
0.56+0.17 mmol/L, p=0.010 and -13.534+3.96%, p=0.006). The reduction in TC:HDL ratio
was significantly larger in the PS-CC group compared to the CC group only (-0.58+0.19
mmol/L, p=0.020 and -11.57%, p=0.019). Absolute and percent change in plasma glucose
concentrations significantly reduced in the CC group compared to PL group only (-0.34+0.13
mmol/L, p=0.038 and -6.94+2.51%, p=0.036). There was no statistically significant

differences in HDL-C or TG concentrations between groups. When the data were analysed
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using two-factor ANOVA, PS x curcumin interactions were not significant. Additionally,
there was no significant main effect of curcumin on post-treatment absolute or percent TC and
LDL-C values, however, there was a significant (p<0.01) main effect of PS on post-
intervention absolute and percent TC and LDL-C values. Baseline data including BMI, LDL-
C concentration and dietary intake of total fat, fibre, alcohol and long chain omega-3
polyunsaturated fatty acids (LCn-3PUFA) were investigated as potential confounders using
multiple linear regression models. The final reduced models revealed that treatment was the

only significant predictor of the change in TC and LDL-C.
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4. DISCUSSION

The hypocholesterolaemic property of PS has been well established and recognised as an
asset to CVD risk reduction. The potential to heighten their lipid-modulating property has
been demonstrated by coupling with LCn-3PUFA [31-33] and statin therapy [34-37]. The
results presented in this study demonstrate the efficacy of curcumin to potentiate the
cholesterol-lowering effects of PS in hypercholesterolaemic individuals. Our findings provide
evidence of a complementary reduction in TC and LDL-C following concomitant
supplementation with PS and curcumin. Although statistically insignificant, TC and LDL-C

reduction following dual supplementation exceeded the additive effect of the two bioactives.

Reductions in TC and LDL-C following PS supplementation are consistent with previous
studies of similar duration [10, 38-40]. A systematic review and meta-analysis of 84
randomised controlled trials (RCT) concluded that LDL-C reduced by -8.8% (vs -8.1% in our
study) after a mean dose of 2.15 g/d of PS [10]. Higher baseline plasma LDL-C results in a
greater reduction in plasma LDL-C [10, 41], however, in this study, covariate analysis

showed that baseline LDL-C was not a predictor of reductions in TC or LDL-C.

In addition to competitive micellar incorporation [9], there are a number of reported
mechanisms by which PS lower plasma cholesterol concentrations, some of which may be
enhanced when combining PS with curcumin. Preclinical findings report PS may suppress
acyl coenzyme A:cholesterol acyltransferase (ACAT) and therefore inhibit cholesterol
esterification causing a reduction in cholesterol uptake and/or transport in the intestine [42]. A
study in db/db mice showed that curcumin supplementation significantly lowered the activity
of hepatic ACAT in addition to observed reductions in plasma concentrations of free fatty
acids and cholesterol [43], suggesting curcumin may play a modulatory role in the activity of

enzymes involved in lipid homeostasis. PS may also promote cholesterol efflux by initiating
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the expression and activity of ATP-binding cassette A1 (ABCA1) transporter which cannot

differentiate between cholesterol and PS [44, 45].

Cholesterol transporters ABCA1, ABCGS5 and ABCGS are regulated by liver X receptor
alpha (LXRa) and mediate efflux of free sterols from enterocytes. PS have been shown to be a
potent activator of LXR in regards to agonising LXR [46, 47]. In this regard, PS metabolites
have been identified as natural ligands for LXR [48]. Likewise, curcumin treatment has been
shown to upregulate the expression of LXRa in association with reduced TG accumulation in
the liver [16]. It is in this way curcumin may potentiate the mechanistic hypocholesterolaemic
effects of PS to interact with intracellular cholesterol sensors like LXR to indirectly modulate

transporter activity as well as compete for cholesterol transporters [12].

Preclinical studies report several mechanisms by which curcumin acts as a lipid-
modulating agent [16, 21, 49, 50]. Curcumin has been shown to down-regulate 3-hydroxy-3-
methyl-glutaryl-coenzyme A reductase (HMG-CoA reductase) [16], the rate limiting step in
cholesterol biosynthesis. Curcumin therapy has been shown to lower plasma and hepatic
cholesterol concentrations [16]. These effects were comparable to that of lovastatin treatment
and were caused by transcriptional inhibition of HMG-CoA reductase. Moreover, preclinical
studies have demonstrated decreased activity of hepatic ACAT after curcumin treatment in
mice fed a high fat diet [43, 51], resulting in reduced cholesterol uptake and transport in the
intestine [42]. In the intestinal Caco-2 monolayer, curcumin inhibited Niemann-Pick C1-Like
1 (NPCIL1) expression via the inhibition of sterol regulatory element binding protein-2
(SREBP-2) thus lowering cholesterol esterification [52]. Inhibition of HMG-CoA reductase
and NPCI1L1, the two key molecular targets of statins and ezetimibe respectively,
characterises curcumin as a potentially powerful cholesterol absorption inhibitor, alluding to
complementary effects when coupled with PS. Curcumin has also been shown to promote

efflux and clearance of cholesterol by stimulating bile secretion via enhancing hepatic gene
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expression of cholesterol 7alpha-hydroxlyase (CYP7A) mRNA, the rate-limiting enzyme
involved in bile acid biosynthesis from cholesterol [21, 22, 49]. CYP7A is further promoted
by curcumin via the activation and upregulation of LXR and ABCAL in the liver and
subcutaneous adipocytes [53]. In addition, curcumin has been shown to decrease cholesterol
biosynthesis via down-regulation of SREBP-1 and SREBP-2; key nuclear receptors involved

in mediating lipid metabolism [17, 18].

Despite the promising findings from preclinical investigations, current clinical evidence
remains scarce and somewhat inconsistent. A recent RCT by Panahi et al reported significant
improvements in circulating blood lipids after supplementation with bioavailability-enhanced
curcuminoids in metabolic syndrome individuals [54]. Curcuminoid supplementation led to
significantly lower concentrations of TC, LDL-C, non-HDL-C, TG and lipoprotein(a) in
addition to significant elevations in HDL-C [54]. These clinically significant trends in lipid
parameters were not replicated in the CC group of the present study. It is likely that the study
duration of the present trial was inadequate for curcumin to elicit significant hypolipidaemic
responses. It should be noted that all subjects in Panahi et al [54] trial received standard care
including administration of medications for lipid-lowering, hypotension and hyperglycaemia.
Therefore, it is difficult to ascertain the precise modulatory effects of curcumin given the
concurrent lifestyle intervention, diet and pharmacological modifications. A recent systematic
review and meta-analysis of five RCTs concluded curcumin did not elicit any significant
effects on blood lipids in humans [55]. The included studies were largely heterogeneous;
individuals were not exclusively dyslipidaemic and none of the studies used bioavailability-
enhanced formulations of curcumin. These limitations possibly impeded any significant
effects on blood lipids, particularly given the poor bioavailability of curcumin in native form.

Since the degree of LDL-C-lowering achieved in the PS-CC group was nearly double that of
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the well-established reduction following PS therapy [10], complementary lipid-lowering

mechanisms may be in play following the combined PS/curcumin supplementation.

Irrespective of the mechanisms, it is evident that curcumin may potentiate cholesterol-
lowering effects of PS, since the PS-CC group had the greatest reduction in plasma
cholesterol compared to either of the treatments alone. It is possible that in the combined
group, bioavailability of curcumin is enhanced to heighten its hypolipidaemic effects as the
bioavailability of curcumin has been shown to be enhanced in a fat-rich medium [56]. The
short duration of the study remains a limitation, however, it is well documented that PS elicit
hypocholesterolaemic effects within 3-4 weeks, less is known about the duration regarding
the hypolipidaemic effects of curcumin. It is possible that a longer study duration may
provoke more pronounced hypolipidaemic effects, since positive longer-term trials
investigating the hypolipidaemic effects of curcumin have been reported [54, 55]. Participants
in the current study were not specifically instructed to consume the vegetable fat spreads at
the same time point as the tablets. Thus, some participants consumed the two products widely
apart across the day. As previously mentioned, curcumin has enhanced bioavailability in a fat-
rich medium, therefore, a single food matrix may likely further enhance the synergy between
the two bioactive compounds, hence, the development of a single food containing the two
compounds, provoking the translational aspect of these research findings. Strengths of this
study include the robust study design pertaining 2x2 factorial group treatment to isolate the
effects of each treatment arm as well as combined effects, in a double-blinded, placebo-
controlled randomised manner in free-living individuals. We used a curcumin complexed with
phosphatidylcholine (Meriva®) that ensured a high bioavailability of curcumin. This delivery
matrix retains the biological effects and free-radical scavenging activity of curcumin [56]. The

tablets and delivery of PS-enriched fat spread was easily compliable and transferable to the
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everyday diet (respectively) ensuring adequate intake of both active ingredients with no

adverse effects.

The LDL-C reductions reported in the current study hold clinical significance for
minimising heart disease risk since coronary heart disease (CHD) all-cause mortality is
reduced by 12% for every 1 mmol/L reduction in LDL-C [57]. In the present study, LDL-C
was lowered by 0.63 mmol/L representing approximately 7.6% reduction in CHD mortality
after only four weeks of PS + curcumin intervention. Considering the known anti-
inflammatory, anti-aggregatory and anti-oxidant effects [15] and safety of curcumin [58], the
complementary and possibly synergistic cholesterol-lowering effects demonstrated makes the
combined treatment a good candidate for a safe, effective alternative or adjunct therapy for
CVD risk reduction that potentially bares a multifaceted approach. The combined PS-CC
therapy bears significant implications for use as an adjunct therapy to statins and/or ezetimibe
and potentially enhance lipid-lowering, reduce drug dependence and possibly reduce the dose
required. The concomitant therapy of PS and statins has shown incremental reductions in
LDL-C of 10-15%; a superior outcome compared to doubling the statin dose (6%) [59]. The
use of PS-CC as an adjunct therapy may provide a safe and effective avenue for high-risk
patients who fail to achieve LDL-C targets whilst on statin monotherapy or those who are
statin intolerant and/or otherwise seeking an alternative approach to pharmacological

interventions due to side effects such as chronic musculoskeletal pains [60].

In conclusion, dietary combination of PS and curcumin for four weeks significantly reduced
fasting plasma TC and LDL-C in hypercholesterolaemic individuals. Compared to single
supplementation of PS or curcumin, the combined group elicited a greater reduction than
either treatment administered alone including a statistically greater reduction compared to PL
and CC. Curcumin may potentiate the cholesterol-modulating effects of PS, suggestive of

additive effects and potentially synergistic in nature. Further investigations exploring this
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combination are warranted to determine the optimum delivery mode and duration to maximise
the cardio-protective properties of PS. Our findings initiate the need for future research
exploring the potential mechanistic actions of curcumin to enhance our understanding of its
role in lipid metabolism in humans and to confirm the cardio-protective benefits it may offer
to PS therapy. The reason for a reduction in glucose level in the CC group but no change in
the PS-CC group is not clear and should be followed up in further studies. In addition to
cholesterol-lowering, concurrent PS and curcumin supplementation may exhibit anti-
inflammatory effects, therefore, providing additional cardiometabolic benefits, however,
investigation into circulating chronic inflammatory parameters following this combination
therapy are required to confirm this hypothesis. Future investigations involve the development
of a single food containing PS and curcumin for ease of consumption, improved compliance
and bioavailability, and ultimately enhanced lipid-lowering in hypercholesterolaemic

individuals at risk of CVD.



20

5. ACKNOWLEDGEMENTS

The authors are grateful to Melissa Fry for her assistance with blood collection, Indena
Meriva for supplying the curcumin capsules at no cost and thank all the participants. The
author’s responsibilities were as follows: JJAF and MLG designed research; JJAF conducted
research; JJAF analysed the data; ES provided statistical support; JJAF and MLG wrote the
paper; JJAF had primary responsibility for final content. All authors read and approved the

final manuscript.

6. CONFLICT OF INTEREST STATEMENT

The authors have no conflicts of interest to declare.

7. FUNDING INFORMATION

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors. Indena Meriva supplied the curcumin capsules at no

cost.



21
8. REFERENCES

1. Cardiovascular Diseases (CVDs). World Health Organisation.
http://www.who.int/mediacentre/factsheets/fs317/en/. Published September, 2016. Updated
September, 2016. Accessed May 9, 2017.

2. Australian Bureau of Statistics. Causes of Death 2015 (3303.0).
http://www.abs.gov.au/ausstats/abs@.nst/mf/3303.0. Published September 28, 2016. Updated
September 28, 2016. Accessed May 9, 2017.

3. Heart Foundation. Data and statistics. https://www.heartfoundation.org.au/about-us/what-
we-do/heart-disease-in-australia. Published. Updated. Accessed January 18, 2017.

4. Nichols M, Peterson K, Alston L, Allender S. Australian Heart Disease Statistics 2014.
Melbourne: National Heart Foundation of Australia, 2014.

5. Deloitte Access Economics. ACS (Acute Coronary Syndrome) in Perspective: The
importance of secondary prevention. 2011 Deloitte Access Economics Pty Ltd, 2011.

6. Australian Institute of Health and Welfare. Australia's Health 2012. Australia's Health. Cat.
no. AUS 156 ed. Canberra: Australian Institute of Health and Welfare; 2012.

7. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais
P, Varigos J, et al. Effect of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-control study. The Lancet.
2004;364(9438):937-52.

8. Australian Health Survey: Biomedical Results for Chronic Diseases, 2011-12. Australian
Bureau of Statistics.

http://www.abs.gov.au/ausstats/abs(@.nsf/lookup/4812278 BC4B8FE1IECA257BBB001217A4
?opendocument. Published August 5, 2013. Updated August 5, 2013. Accessed October 29,
2014.

9. Garti N, Avrahami M, Aserin A. Improved solubilization of celecoxib in U-type nonionic
microemulsions and their structural transitions with progressive aqueous dilution. J Colloid
Interface Sci. 2006;299(1):352-65.

10. Demonty I, Ras RT, van der Knaap HC, Duchateau GS, Meijer L, Zock PL, Geleijnse JM,
Trautwein EA. Continuous dose-response relationship of the LDL-cholesterol-lowering effect
of phytosterol intake. J Nutr. 2009;139(2):271-84.

11. Katan MB, Grundy SM, Jones P, Law M, Miettinen T, Paoletti R, Stresa Workshop P.
Efficacy and safety of plant stanols and sterols in the management of blood cholesterol levels.
Mayo Clinic proceedings. 2003;78(8):965-78.

12. De Smet E, Mensink RP, Plat J. Effects of plant sterols and stanols on intestinal
cholesterol metabolism: suggested mechanisms from past to present. Mol Nutr Food Res.
2012;56(7):1058-72.

13. Igel M, Giesa U, Lutjohann D, von Bergmann K. Comparison of the intestinal uptake of
cholesterol, plant sterols, and stanols in mice. J Lipid Res. 2003;44(3):533-8.

14. Ostlund RE, Jr. Phytosterols in human nutrition. Ann Rev Nuri 2002;22:533-49.

15. Zhou H, Beevers CS, Huang S. Targets of curcumin. Curr Drug Targets. 2011;12(3):332-
47.

16. Shin SK, Ha TY, McGregor RA, Choi MS. Long-term curcumin administration protects
against atherosclerosis via hepatic regulation of lipoprotein cholesterol metabolism. Mo/ Nutr
Food Res. 2011;55(12):1829-40.

17. Shao W, Yu Z, Chiang Y, Yang Y, Chai T, Foltz W, Lu H, Fantus IG, Jin T. Curcumin
prevents high fat diet induced insulin resistance and obesity via attenuating lipogenesis in
liver and inflammatory pathway in adipocytes. PloS one. 2012;7(1):e28784.

18. Kang Q, Chen A. Curcumin inhibits srebp-2 expression in activated hepatic stellate cells
in vitro by reducing the activity of specificity protein-1. Endocrinol. 2009;150:5384-94.



http://www.who.int/mediacentre/factsheets/fs317/en/
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3303.0
https://www.heartfoundation.org.au/about-us/what-we-do/heart-disease-in-australia
https://www.heartfoundation.org.au/about-us/what-we-do/heart-disease-in-australia
http://www.abs.gov.au/ausstats/abs@.nsf/lookup/4812278BC4B8FE1ECA257BBB001217A4?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/lookup/4812278BC4B8FE1ECA257BBB001217A4?opendocument

22

19. Zhao J, Sun X, Ye F, Tian WX. Suppression of fatty acid synthase, differentiation and
lipid accumulation in adipocytes by curcumin. Mol Cell Biochem. 2011;351:19-28.

20. Cicero AFG, Colletti A, Bajraktari G, Descamps O, Djuric DM, Ezhov M, Fras Z, Katsiki
N, Langlois M, Latkovskis G, et al. Lipid-lowering nutraceuticals in clinical practice: position
paper from an International Lipid Expert Panel. Nutr Rev. 2017;75(9):731-67.

21. Kim M, Kim Y. Hypocholesterolemic effects of curcumin via upregulation of cholesterol
7a-hydroxylase in rats fed a high fat diet. Nutr Res Pract. 2010;4:91-5.

22. Prakash UN, Srinivasan K. Fat digestion and absorption in spice pretreated rats. J Sci
Food Agric. 2011;92:503-10.

23. Ejaz A, Wu D, Kwan P, Meydani M. Curcumin inhibits adipogenesis in 3T3-L1
adipocytes and angiogenesis and obesity in C57/BL mice. J Nutr. 2009;139(5):919-25.

24. El Khoury ED, Patra D. Ionic liquid expedites partition of curcumin into solid gel phase
but discourages partition into liquid crystalline phase of 1,2-dimyristoyl-sn-glycero-3-
phosphocholine liposomes. J Phys Chem B. 2013;117(33):9699-708.

25. Bhardwaj RK, Glaeser H, Becquemont L, Klotz U, Gupta SK, Fromm MF. Piperine, a
major constituent of black pepper, inhibits human P-glycoprotein and CYP3A4. J Pharmacol
Exp Ther. 2002;302(2):645-50.

26. Zhang DW, Fu M, Gao SH, Liu JL. Curcumin and diabetes: a systematic review. Evid
Based Complement Alternat Med. 2013;2013:636053.

27. Cheng AL, Hsu CH, Lin JK, Hsu MM, Ho YF, Shen TS, Ko JY, Lin JT, Lin BR, Ming-
Shiang W, et al. Phase I clinical trial of curcumin, a chemopreventive agent, in patients with
high-risk or pre-malignant lesions. Anticancer Res. 2001;21(4B):2895-900.

28. Noakes M, Clifton P, Ntanios F, Shrapnel W, Record I, McInerney J. An increase in
dietary carotenoids when consuming plant sterols or stanols is effective in maintaining plasma
carotenoid concentrations. Am J Clin Nutr. 2002;75(1):79-86.

29. National Heart Foundation of Australia. Phytosterol/Stanol enriched foods. 2007-2009
December. Report No.: PRO-095.

30. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem.
1972;18(6):499-502.

31. Micallef MA, Garg ML. The lipid-lowering effects of phytosterols and (n-3)
polyunsaturated fatty acids are synergistic and complementary in hyperlipidemic men and
women. J Nutr. 2008;138(6):1086-90.

32. Ras RT, Demonty I, Zebregs YE, Quadt JF, Olsson J, Trautwein EA. Low doses of
eicosapentaenoic acid and docosahexaenoic acid from fish oil dose-dependently decrease
serum triglyceride concentrations in the presence of plant sterols in hypercholesterolemic men
and women. J Nutr. 2014;144(10):1564-70.

33. Demonty I, Chan YM, Pelled D, Jones PJ. Fish-oil esters of plant sterols improve the lipid
profile of dyslipidemic subjects more than do fish-oil or sunflower oil esters of plant sterols.
Am J Clin Nutr. 2006;84(6):1534-42.

34. Castro Cabezas M, de Vries JH, Van Oostrom Al, Iestra J, van Staveren WA. Effects of a
stanol-enriched diet on plasma cholesterol and triglycerides in patients treated with statins. J
Am Diet Assoc. 2006;106(10):1564-9.

35. Izar MC, Tegani DM, De Matos LN, Barbosa SA, Kasmas SH, Povoa RM, Borges NC,
Moreno RA, Fonseca FA. Phytosterol supplementation affects sterol plasma levels in patients
under lipid-lowering therapies. Eur Heart J. 2013;34:768.

36. Puato M, Faggin E, Rattazzi M, Zambon A, Cipollone F, Grego F, Ganassin L, Plebani M,
Mezzetti A, Pauletto P. Atorvastatin reduces macrophage accumulation in atherosclerotic
plaques: a comparison of a nonstatin-based regimen in patients undergoing carotid
endarterectomy. Stroke. 2010;41(6):1163-8.



23

37. Scholle JM, Baker WL, Talati R, Coleman CI. The effect of adding plant sterols or stanols
to statin therapy in hypercholesterolemic patients: systematic review and meta-analysis. J Am
Coll Nutr. 2009;28(5):517-24.

38. Maki KC, Davidson MH, Umporowicz DM, Schaefer EJ, Dicklin MR, Ingram KA, Chen
S, McNamara JR, Gehbart BW, Ribaya-Mercado JD, et al. Lipid responses to plant-sterol-
enriched reduced-fat spreads incorporated into a National Cholesterol Education Program
Step I diet. Am J Clin Nutr. 2001;74(1):33-43.

39. Heggen E, Granlund L, Pedersen JI, Holme I, Ceglarek U, Thiery J, Kirkhus B, Tonstad
S. Plant sterols from rapeseed and tall oils: Effects on lipids, fat-soluble vitamins and plant
sterol concentrations. Nutr Metab Cardiovasc Dis. 2010;20(4):258-65.

40. Musa-Veloso K, Poon TH, Elliot JA, Chung C. A comparison of the LDL-cholesterol
lowering efficacy of plant stanols and plant sterols over a continuous dose range: Results of a
meta-analysis of randomized, placebo-controlled trials. Prostaglandins Leukot Essent Fatty
Acids [Internet]. 2011; 85(1):[9-28 pp.].

41. AbuMweis SS, Barake R, Jones PJ. Plant sterols/stanols as cholesterol lowering agents: a
meta-analysis of randomized controlled trials. Food Nutr Res. 2008;52(2):1-17.

42. Micallef MA, Garg ML. Beyond blood lipids: phytosterols, statins and omega-3
polyunsaturated fatty acid therapy for hyperlipidemia. J Nutr Biochem. 2009;20(12):927-39.
43. Seo K, Choi MS, Jung UJ, Kim HJ, Yeo J, Jeon SM, Lee MK. Effect of curcumin
supplementation on blood glucose, plasma insulin, and glucose homeostasis related enzyme
activities in diabetic db/db mice. Mo! Nutr Food Res. 2008;52.

44. Plat J, Mensink RP. Plant stanol esters lower serum triacylglycerol concentrations via a
reduced hepatic VLDL-1 production. Lipids. 2009;44(12):1149-53.

45. Calpe-Berdiel L, Escola-Gil JC, Blanco-Vaca F. Phytosterol-mediated inhibition of
intestinal cholesterol absorption is independent of ATP-binding cassette transporter Al. B J
Nutr. 2007;95(03):618.

46. Plat J, Nichols JA, Mensink RP. Plant sterols and stanols: effects on mixed micellar
composition and LXR (target gene) activation. J Lipid Res. 2005;46:2468-76.

47. Kaneko E, Matsuda M, Yamada Y, Tachibana Y, Shimomura I, Makishima M. Induction
of intestinal ATP-binding cassette transporters by a phytosterol-derived liver X receptor
agonist. J Biol Chem. 2003;278(38):36091-8.

48. Plat J, Brzezinka H, Lutjohann D, Mensink RP, von Bergmann K. Oxidized plant sterols
in human serum and lipid infusions as measured by combined gas-liquid chromatography-
mass spectrometry. J Lipid Res. 2001;42:2030-38.

49. Zingg JM, Hasan ST, Meydani M. Molecular mechanisms of hypolipidemic effects of
curcumin. BioFactors. 2013;39(1):101-21.

50. Wang S, Moustaid-Moussa N, Chen L, Mo H, Shastri A, Su R, Bapat P, Kwun I, Shen
CL. Novel insights of dietary polyphenols and obesity. J Nutr Biochem. 2014;25(1):1-18.

51. Jang EM, Choi MS, Jung UJ, Kim MJ, Kim HJ, Jeon SM, Shin SK, Seong CN, Lee MK.
Beneficial effects of curcumin on hyperlipidemia and insulin resistance in high-fat-fed
hamsters. Metab. 2008;57(11):1576-83.

52. Holm C. Molecular mechanisms regulating hormone-sensitive lipase and lipolysis.
Biochem Soc Trans. 2003;31:1120-4.

53. Dong SZ, Zhao SP, Wu ZH, Yang J, Xie XZ, Yu BL, Nie S. Curcumin promotes
cholesterol efflux from adipocytes related to PPARgamma-LXRalpha-ABCA1 passway. Mol
Cell Biochem. 2011;358(1-2):281-5.

54. Panahi Y, Khalili N, Hosseini MS, Abbasinazari M, Sahebkar A. Lipid-modifying effects
of adjunctive therapy with curcuminoids-piperine combination in patients with metabolic
syndrome: results of a randomized controlled trial. Complement Ther Med. 2014;22(5):851-7.



24

55. Sahebkar A. A systematic review and meta-analysis of randomized controlled trials
investigating the effects of curcumin on blood lipid levels. Clin Nutr. 2014;33(3):406-14.

56. Semalty A, Semalty M, Rawat MS, Franceschi F. Supramolecular phospholipids-
polyphenolics interactions: the PHY TOSOME strategy to improve the bioavailability of
phytochemicals. Fitoterapia. 2010;81(5):306-14.

57. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, Kirby A, Sourjina
T, Peto R, Collins R, et al. Efficacy and safety of cholesterol-lowering treatment: prospective
meta-analysis of data from 90 056 participants in 14 randomised trials of statins. The Lancet.
2005;366(9493):1267-78.

58. Belcaro G, Cesarone MR, Dugall M, Pellegrini L, Ledda A, Grossi MG, Togni S,
Appendino G. Efficacy and safety of Meriva, a curcumin-phosphatidylcholine complex,
during extended administration in osteoarthritis patients. Altern Med Rev. 2010;15(4):337-44.
59. Blair SN, Capuzzi DM, Gottlieb SO, Nguyen T, Morgan JM, Cater NB. Incremental
reduction of serum total cholesterol and low-density lipoprotein cholesterol with the addition
of plant stanol ester-containing spread to statin therapy. Am J Cardiol. 2000;86(1):46-52.

60. Banach M, Rizzo M, Toth PP, Farnier M, Davidson MH, Al-Rasadi K, Aronow WS,
Athyros V, Djuric DM, Ezhov MV, et al. Statin intolerance - an attempt at a unified
definition. Position paper from an International Lipid Expert Panel. Arch Med Sci.
2015;11(1):1-23.



25

9. FIGURE LEGENDS
Figure 1

CONSORT flow diagram of participant recruitment, screening and assessment.

Figure 2
Percent change in plasma TC (A), LDL-C (B), HDL-C (C), TC:HDL ratio (D), TG (E) and

Glucose (F) from baseline to post-intervention in hypercholesterolaemic individuals who
consumed PL, PS, CC and PS-CC for 4 weeks. Data represent mean + SEM accept for TG
where data are median (IQR). Symbols indicate significant changes from baseline as analysed
by paired samples t-test: * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001. One-way
ANOVA and Tukey’s honestly significant difference was used to perform post hoc
comparisons of group means. Means with a common letter significantly differ:

8 PS-CC and PL significantly differ for fasting plasma TC (p=0.005) and LDL-C (p=0.006).
® PS-CC and CC significantly differ for fasting plasma TC (p=0.015), LDL-C (p=0.020) and
TC:HDL ratio (p=0.019).

¢ CC and PL significantly differ for fasting plasma glucose (p=0.036).

CC, curcumin; HDL, HDL-cholesterol; LDL-C, LDL-cholesterol; PL, placebo; PS,
phytosterols; PS-CC, phytosterol-curcumin; TC, total cholesterol; TC:HDL ratio, total

cholesterol-to-HDL ratio; TG, triglycerides.



10. TABLES

Table 1: Nutrient composition of phytosterol and control spread.!

Dietary component Control spread Phytosterol spread
Energy (kJ) 600 600
Total fat (g) 16.25 16.00
Saturated (g) 4 4
Monounsaturated (g) 9.00 7.75
Polyunsaturated (g) 3.25 4.25
Omega-3 (ALA) (g) 1.00 1.05
Phytosterols (g) 0 2
Sodium (mg) 87.5 87.5
Potassium (mg) 12.5 10.0

! Nutrient information is given for one serving (25 g). Each participant had to

consume one serving of spread per day. Data provided by manufacturer

(MeadowLea Foods) and Goodman Fielder.

ALA, alpha-linolenic acid.
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Table 2. Participant characteristics at baseline in the placebo (PL), phytosterol (PS), curcumin

(CC) and phytosterol + curcumin (PS-CC) groups.!

PL (n=18) PS(n=17) CC (n=18) PS-CC (n=17)

Sex, n (%)

Male 7 (39) 8 (47) 8 (44) 7 (41)

Female 11(61) 9(53) 10 (56) 10 (59)
Ethnicity, n (%)

North-west European 13 (72) 11 (65) 15 (83) 14 (82)

South-east European 0(0) 4 (24) 2(11) 0 (0)

Other? 5(28) 2(11) 1(6) 3(18)
Age (y) 50.11+2.96 51.35+3.62 51.00+2.34 50.35+3.36
Height (cm) 168.64 +2.77 171.56 + 2.08 170.60 + 2.43 169.30 +2.21
Waist circumference (cm) 87.79 +2.47 92.72+£2.16 96.54 £ 2.65 91.14+£3.00
Waist-to-hip ratio 0.93 £0.01 0.93+0.01 0.95+0.01 0.93 +0.02
Weight (kg) 7436 +3.72 80.61 £2.19 83.86 +3.98 76.64 + 3.83
BMI (kg/m?) 25.94+0.86 27.31+£043 28.79 + 1.31 26.57 +1.12
Skeletal muscle mass (kg) 28.14+1.93 3121+ 1.53 31.56 £ 1.95 29.29+1.72
Body fat (%) 31.99+2.33 31.19+1.94 32.95+2.04 31.09+1.78

'Values are reported as means = SEM. for continuous measures and as n (%) for categorical measures.

2 Other races include Oceanian; North African and Middle Eastern; South-east Asian; North-east Asian;

Southern and central Asian; Sub-Saharan Africa; Other (n=1 unsure, n=1 combination of races).

CC, curcumin; PL, placebo; PS, phytosterols; PS-CC, phytosterol-curcumin
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Table 3. Reported macronutrient and fatty acid intakes of hypercholesterolaemic adults who consumed placebo (PL), phytosterol (PS), curcumin (CC)

and phytosterol + curcumin (PSCC) at baseline and change from baseline to post-intervention.!

PL (n=18) PS (n=17) CC (n=18) PSCC (n=17)
BL A BL A BL A BL A
Energy (kJ) 8744.85 + -68.72 £ 8816.17 152.30 + 9015.90 + -224.29 + 8820.07 £ 734.18 =
548.93 386.68 558.83 411.20 620.12 362.04 354.72 505.65

Protein (g) 99.57 +17.80 -6.34+6.31 96.09 + 8.86 -9.71 £8.12 106.07 £ 7.67 -5.60 +4.03 96.38 £ 5.64 -2.46+5.32
CHO (g) 224.14 £ 15.51 -14.35+9.48 224.14 £ 15.31 -11.22+£12.29  203.78 £19.04 -12.72 +11.63 207.69 + 13.64 6.28 £16.67

Sugars (g) 99.30 £ 10.56 -16.94 + 6.68 89.90 £7.52 -2.73£6.62 88.32+8.74 -7.05+8.33 89.12+8.20 3.62+7.70

Starch (g) 122.76 £ 8.76 2.21+£543 13245+ 11.71 -9.01 £9.34 113.10+ 11.76 -4.29 +£ 8.24 115.83 +£9.28 2.09+991
Total fat (g) 78.29 £ 5.67 4.67+5.01 77.53+6.12 16.51 £ 6.88 86.40 + 6.58 6.10+3.78 86.34 £ 6.08 18.17£6.11

Saturated (g) 28.16 £ 2.55 0.19+£2.71 26.17+£2.29 436+2.43 31.39+£243 -0.36+2.25 31.40+3.00 479+2.42

Trans (g) 1.28 £0.13 0.04 +£0.20 1.16 £0.14 0.18£0.15 1.38£0.17 -0.08 £0.16 1.48 £0.17 0.11+0.20
MUFAs (g) 29.38 £2.03 3.71+2.11 30.75+£2.80 7.26+3.04 34.27+£2.96 394+1.75 33.41+£2.80 7.23+3.06
PUFAs (g) 13.45+1.56 1.06 + 1.01 13.99+1.53 4.12+1.51 13.56 £1.35 2.46+0.92 14.42 £1.89 527+143
Cholesterol (mg) 320.82 £30.60 -27.20+46.46  260.63+51.36 -11.02+50.02 348.25+30.61 -61.72 £26.60 324.69 £43.58  -25.21+£31.80
Fibre (g) 28.54 +2.47 2.52+2.52 31.51+2.65 -3.02+1.86 26.36 +£2.08 -0.88 = 1.46 25.88+1.95 1.94 £2.27
Alcohol (g) 422+2.12 2.74 +1.46 9.18+4.02 -2.08 +£2.90 12.04 +2.89 -4.20+2.86 8.81+3.63 -0.34+0.89

!'Values are reported as means + SEM.

BL, baseline; CC, curcumin; A, change from baseline to post-intervention; CHO, carbohydrates; PL, placebo; PS, phytosterols; PS-CC, phytosterol-

curcumin.
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Table 4. Change in plasma outcome measures in the placebo (PL), phytosterol (PS), curcumin (CC)

and phytosterol + curcumin (PS-CC) groups from baseline to post-intervention.!

PL PS CcC PS-CC P

TC

BL 6.63+0.18 6.39+0.25 6.72+0.36 6.51+0.19

PI 6.55+0.21 6.05+0.21%* 6.60 +0.42 576 £0.16**

A mmol/L3 -0.08£0.117 -0.34+0.11 -0.12 £0.16" -0.74 £ 0.16 0.004
LDL-C

BL 4.55+0.18 423+0.21 442 +0.31 432 +0.15

PI 448 +0.19 3.85+0.18*% 435+0.36 3.69+£0.16**

A mmol/L* -0.07 £ 0.12% -0.38+0.10 -0.07 £ 0.14" -0.63 £ 0.1217 0.004
HDL-C

BL 1.49+0.11 1.43+0.10 1.59+0.10 1.54+0.09

PI 1.52+0.11 1.46+£0.11 1.54+0.12 1.51£0.07

A mmol/L 0.02 + 0.04 0.04 + 0.04 -0.05 £ 0.04 -0.03 £ 0.04 0.386
TC:HDL

BL 479 +0.34 474 +0.31 4.47+0.30 4.44+0.28

PI 4.62+0.30 4.38 +0.29* 4.57+0.37 3.96+0.20*

A3 -0.17+£0.14 -0.36 £0.11 0.10£0.16" -0.48 £0.147 0.022
TG

BL 1.27 (0.57) 1.50 (0.71) 1.23 (0.65) 1.24 (0.65)

PI 1.08 (0.59) 1.41 (0.78) 1.46 (0.93) 0.96 (1.02)

A mmol/L -0.02 (0.54) 0.01 (0.49) -0.02 (0.5) -0.06 (0.3) 0.578
Glucose

BL 4,93 +0.09 5.05+0.10 533+0.12 5.09+0.16

PI 5.14+0.13 5.01+£0.07 5.19+0.14 5.04+0.15
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A mmol/L° 0.21 +£0.11* -0.04 + 0.08 -0.13+£0.07¢ -0.05+£0.10 0.046

' Values are reported as means = SEM for all plasma concentrations except triglycerides. Triglycerides are
median (IQR) due to lack of normality of the distribution. All baseline and post-intervention data is in mmol/L
except for TC:HDL ratio. Significant change from baseline, * p<0.01, ** p<0.001.

2 One-way ANOVA was used to compare change in outcome parameters across treatment groups. P < 0.05
indicates statistically significant difference between groups. Tukey’s honestly significant difference post-hoc
analyses were used to compare differences in mean change between groups when significance was found.
Values with matching symbols in each row indicate statistically significant differences between corresponding
groups.

3 TC significantly reduced in the PS-CC group compared to the PL (A mmol/L, p=0.006) and the CC group (A
mmol/L, p=0.011).

* LDL-C significantly reduced in the PS-CC group compared to the PL (A mmol/L, p=0.010) and CC group (A
mmol/L, p=0.012).

> TC:HDL ratio significantly reduced in the PS-CC group compared to the CC group (A mmol/L, p=0.020)

¢ Glucose significantly reduced in the CC group compared to the PL group (A mmol/L, p=0.038).

BL, baseline; CC, curcumin; HDL, HDL-cholesterol; LDL-C, LDL-cholesterol; PI, post-intervention; PL,
placebo; PS, phytosterols; PS-CC, phytosterol-curcumin; TC, total cholesterol; TC:HDL ratio, total cholesterol-

to-HDL ratio; TG, triglycerides.
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