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Abstract Background and aims: Mediterranean diet is associated with a reduced risk for
cardiovascular disease (CVD). Use of plant stanols decreases low density lipoprotein choles-
terol (LDL-C) concentrations. We compared the effects of the Mediterranean diet and plant
stanol esters on vascular risk factors and estimated CVD (eCVD) risk.
Methods and results: In this prospective, randomized, placebo-controlled study, 150 mildly hy-
percholesterolaemic subjects were randomized to Mediterranean diet, a spread containing
plant stanol esters (2 g/day) or a placebo spread. Vascular risk factors were assessed every
month for 4 months and the eCVD risk was calculated using the PROspective- Cardiovas-
cular-Munster (PROCAM), Framingham, and Reynolds risk engines. Placebo had no significant
effect on risk factors or eCVD risk. Mediterranean diet gradually induced a significant reduction
in total cholesterol (TC), LDL-C, triglycerides, high sensitivity C-reactive protein (hsCRP),
blood pressure and eCVD risk (24e32%). The plant stanol ester spread reduced (by 1 month)
TC (�14%), LDL-C (�16%), hsCRP (�17%), and estimated CVD risk (26e30%). eCVD risk reduc-
tion was sustained at 4th months when the gradual Mediterranean diet eCVD risk reduction
became comparable to that of the stanol group.
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Figure 1
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Conclusions: Plant stanol esters yielded an early, by 1st treatment month, reduction of eCVD
risk that resulted from a TC, LDL-C, and hsCRP decrease. eCVD risk reduction on the Mediterra-
nean diet resulted from a change in several CVD risk factors and equaled that of plant stanol at 4
months. The consumption of plant stanol esters by moderately hypercholesterolaemic patients
may be a useful option to reduce CVD risk in those who do not adopt a Mediterranean diet.
ª 2009 Elsevier B.V. All rights reserved.
Introduction

The Mediterranean diet is associated with a reduced risk for
type 2 diabetes mellitus (T2DM), cardiovascular disease
(CVD), cancer and all-cause mortality [1e3]. It was esti-
mated that Mediterranean diet combined with regular
physical activity and smoking cessation is associated with
an 80% risk reduction for myocardial infarction, 70% for
stroke and 90% for T2DM [4]. Therefore, this dietary pattern
is attractive as a preventive strategy in both the general
population and in patients with established CVD. However,
the Mediterranean diet is not adopted by the majority of
people in Western countries [3,5]. There is also
a decreasing adherence to the Mediterranean diet even in
European Mediterranean countries (e.g. Greece, Italy,
Spain and Portugal) partly because of practical reasons
(e.g. urbanisation, more working women with little time to
cook, way of living, type of work as well as socioeconomic
and educational reasons) [1,3,5e9].

The National Cholesterol Education Program (NCEP)
Adult Treatment Panel (ATP) III report [10] recommends
that plant stanols/sterols (2 g/day) should be incorporated
into a diet aiming at low density lipoprotein cholesterol
(LDL-C) lowering by 10e15%. This LDL-C reduction may
make it possible to avoid statins in mildly
Chemical composition, abso
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hypercholesterolaemic patients or reduce their doses [11].
Plant sterol/stanol chemical structure, absorption and
origin are described in Fig. 1. They replace cholesterol in
intestinal micelles and subsequently less cholesterol is
absorbed; increased plant stanol concentrations within the
enterocyte also activate cholesterol efflux through the ATP
binding cassette A1 system back into the intestinal lumen
[12]. In a recent study [13] the reductions in TC and LDL-C
were partly associated with dietary enrichment with plant
sterols (estimated 220 mg/day) coming from olive oil or
nuts [13].

However, we are not aware of any studies comparing the
effects of the Mediterranean diet and plant stanol ester
consumption on estimated CVD (eCVD) risk in a Mediterra-
nean population. This study was undertaken to answer this
question.
Patients and methods

1. Number of participants-inclusion criteria: We studied
150 patients with mild hypercholesterolaemia [total
cholesterol (TC) Z 200e250 mg/dl (5.2e6.4 mmol/l)].

2. Study design: Prospective, randomized, placebo-
controlled, intension-to-treat study. During an initial
rption and origin of sterols-stanols.

stanol ester-containing spread, placebo spread, or Mediterranean
mostatic factors, Nutr Metab Cardiovasc Dis (2009), doi:10.1016/



Figure 2 Time course of change in cardiovascular disease
risk in the 3 treatment groups estimated by different risk
engines. * Z p< 0.01 vs placebo spread.

ARTICLE IN PRESS

Plant stanol esters vs Mediterranean diet on CVD risk 3

+ MODEL
4-week run-in period, patients were advised by
a trained dietician to follow a step I hypolipidemic diet
[10]. At the end of the 4-week run-in period, patients
were randomly assigned to 1 of the following 3 groups:
i) One group (n Z 50) was assigned to a plant stanol

ester spread (2 g/day). The spread produced by
Minerva Hellas, Greece, contained (per 100 g) 7.1 g
plant stanols as ester, 10.5 g saturated fats, <0.5 g
trans fats, 20 g monounsaturated fats, 24 g poly-
unsaturated fats, 800 mg vitamin A, 5 mg vitamin D
and 5 mg vitamin E.

ii) The second group (n Z 50) was assigned to the same
spread but without plant stanol esters (placebo) in
identical containers as the ‘‘active’’ spread.

iii) In the third group (n Z 50), a structured effort was
made to improve adherence to the Mediterranean diet
[14e16]. Traineddieticians that provided patientswith
7-day menus with food that incorporated the salient
characteristics of the Mediterranean diet.

The placebo and the plant stanol ester groups continued
with the hypolipidemic diet throughout the intervention
period (16 weeks), while the Mediterranean diet group was
advised to follow this diet as described above.

At baseline, adherence to the Mediterranean diet over
the preceding year was assessed in all groups using a vali-
dated semi-quantitative questionnaire [16] that was
administered by a trained dietician. A 10-point Mediterra-
nean diet scale was used (range of score, 0e9; higher
scores indicate greater compliance). Change in adherence
to the Mediterranean diet vs baseline was assessed at the
end of the study (after 16 weeks), when patients were
asked about their dietary habits during the study period.

3. Main outcome measures: a) Primary endpoint: Change
in eCVD risk assessed by the Framingham [http://
hp2010.nhlbihin.net/atpiii/riskcalc.htm], the
PROspective Cardio- vascular Munster (PROCAM),
[http://www.chd-taskforce.com] and the Reynolds
[http://www.reynoldsriskscore.org] risk engines at the
end of the study vs baseline. b) Secondary endpoints:
Change in lipids [TC, LDL-C, high density lipoprotein
cholesterol (HDL-C), triglycerides (TGs), apolipoprotein
B100 (apo B), apolipoprotein A1 (apo A1)], serum
sitosterol and campesterol, blood pressure, haemo-
static factors [plasma fibrinogen (F) and plasminogen
activator inhibitor (PAI) 1 activity] and inflammatory
markers [high sensitivity C-reactive protein (hsCRP)]. c)
Tertiary endpoint: Percentage of patients at TC target
[<200 mg/dl (5.2 mmol/l)].

4. Exclusioncriteria:PatientswithestablishedCVD[coronary
artery disease (CAD), peripheral arterial disease or
symptomatic carotid disease], diabetes mellitus or meta-
bolic syndrome, who would require hypolipidaemic or
other drug treatment. Patients with chronic diseases
(including liver diseases), pregnancy, malignancies, any
drug treatment or unwillingness to participate.

5. Prespecified analyses: a. Postmenopausal women vs
women with child bearing potential. b. Patients with
impaired fasting glucose [IFG; diabetes was excluded by
postprandial glucose concentrations <160 mg/dl
(8.9 mmol/l)].
Please cite this article in press as: Athyros VG, et al., Effect of a plant
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6. Laboratory-based assessments: After an overnight fast of
12 h, TC, HDL-C, TG, apo A1 (reference range 80e110 mg/
dl), apo B (reference range 75e115 mg/dl), fasting blood
glucose, serum uric acid (SUA), alanine aminotransferase,
aspartate aminotransferase, gamma-glutamyl trans-
peptidase and alkaline phosphatase concentrations/
activity were assessed using an Olympus AU 560 auto-
analyser and respective reagents (Olympus Diagnostica
GmbH, Clare, Ireland). LDL-C was calculated with the
Friedewald formula [LDL-C mg/dl Z TC in mg/dl-(TG/5 in
mg/dlþ HDL-C in mg/dl)]. F was measured by the Clauss
method (Fibrindex Ortho Diagnostic, NJ, USA). PAI-1
activity was measured by a chromogenic assay (Spec-
trolyse-PAI-1, Biopool, Umea, Sweden). hsCRP concentra-
tions were assessed by nephelometry (Alpha Diagnostic
stanol ester-containing spread, placebo spread, or Mediterranean
mostatic factors, Nutr Metab Cardiovasc Dis (2009), doi:10.1016/
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Table 1 Patient baseline characteristics.

Parameter Control (placebo spread)
n Z 50

Mediterranean diet
n Z 50

Plant stanol ester
n Z 50

p

Age (years) 55.1� 4.1 54.2� 3.5 54.7� 3.7 NS
Men (n) 24 25 24 NS
Postmenopausal women (n) 14 13 13 NS
Smokers (%) 40 39 41 NS
Family history

of premature CAD (%)
17 18 17 NS

Impaired fasting
glucose (n)

15 14 15 NS

Body mass
index (kg/m2)

27.9� 2.1 27.3� 2.5 27.6� 2.2 NS

Values are presented as absolute numbers or as means� SD. CAD Z coronary artery disease; NS Z not significant.
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International, San Antonio, Texas, USA-sensitivity 0.35 ng/
ml, reference range 0e1 mg/l). Physical examination,
measurement of blood pressure, body mass index (BMI),
lipid profile, hsCRP, F, PAI-1 activity, fasting blood glucose,
serum creatinine, SUA and liver function tests, as well as
eCVD risk assessment were performed every month. Serum
plant sterols and stanols (sitosterol, sitostanol, campes-
terol and campestanol) and cholesterol precursors (lath-
osterol) were measured at baseline and at the end of the
study (16th treatment week) by gas chromatography [17].
Samples were stored at �80 �C. All samples of 1 subject
were analyzed in the same analytical run to exclude vari-
ations between runs.

7. Statistical analysis: An intention-to-treat analysis of all
patients randomized to the 3 treatment groups was
performed. Comparisons between continuous variables
were performed using one-way analysis of variance
(ANOVA) after adjusting for age and sex. Non-para-
metric data were compared using the KruskaleWallis
test. Continuous variables are presented as mean -
� standard deviation. Associations between categorical
variables were tested with the Chi-squared test.
Differences between continuous variables were tested
with the Student’s t-test and ManneWhitney test (for
normally and non-parametrically distributed variables,
respectively). The Bonferroni correction was automat-
ically adjusted to a 2-tailed p< 0.05 for multiple
comparisons. All analyses were carried out using the
SPSS 12.00 software package (SPSS, Inc., Chicago, IL).
Results

CVD risk estimates

Placebo spread group: there was no change in eCVD.
Mediterraneandietgroup: therewasa significantdecrease

in eCVD risk with all 3 CVD risk engines. The reduction ranged
from 24% (Reynolds) to 32% (Framingham) (Fig. 2).

Plant stanol ester group: the decrease in TC and LDL-C
concentrations were the main contributors to the significant
reduction in eCVD risk according to all 3 risk engines. These
reductions [ranging from 26%-Reynolds to 30%-Framingham
Please cite this article in press as: Athyros VG, et al., Effect of a plant
diet on estimated cardiovascular risk and lipid, inflammatory and hae
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(Fig. 2)] were manifested as early as the 1st treatment month
and were equaled by eCVD risk reductions of the Mediter-
ranean diet group only at the 4th treatment month.

Both interventions (Mediterranean and plant stanol
ester) had similar effects on eCVD risk factors and eCVD risk
in postmenopausal women and in patients with IFG as in
women of child bearing potential and patients with normal
glucose concentrations, respectively.

Adherence to the Mediterranean diet-changes in
serum lipids-lipoproteins and other CVD risk factors

After the 4-week run-in period (lifestyle advice only),
all subjects continued to fulfill the inclusion criteria [TC
200e250 mg/dl (5.2e6.4 mmol/l)] and entered the inter-
vention period. Values obtained at this visit were consid-
ered as baseline data (Tables 1 and 2).

Patients in the placebo spread group had no significant
change in either CVD risk factors or diet score (Tables 2 and 3;
Fig. 2).

Adherence to the Mediterranean diet score during the
preceding year was approximately 3 in all 3 groups using the
10-point scale [14e16]. In the placebo spread and plant
stanol ester groups this score did not change significantly
during the study. In contrast, in the Mediterranean diet
group, there was a significant improvement in adherence to
the Mediterranean diet [a 2.2-points mean increase (from
3.2 to 5.4, p< 0.001)]. This was associated with a gradual
reduction in TC, LDL-C, TGs, systolic and diastolic blood
pressure, hsCRP, F and PAI-1 activity, as well as with an
increase in HDL-C concentrations (Table 2, Fig. 3a and b).

In the plant stanol ester group there was a significant
decrease in TC (�14%) and LDL-C (�16%) concentrations,
recorded at the 1st intervention month. TC and LDL-C
concentrations remained steady throughout the study.
(Fig. 3a). CRP was also significantly reduced (by 17%,
p Z 0.002). (Table 2, Fig. 3b). LDL-C reduction preceded
the fall in hsCRP and was mainly responsible for the eCVD
risk reduction. TGs, HDL-C, blood pressure, F and PAI-1
activity improved, but not significantly (Table 2).

Liver and kidney function tests, SUA concentrations, BMI,
and smoking status remained unaffected during the 16-week
duration of the study in all groups (data not shown).
stanol ester-containing spread, placebo spread, or Mediterranean
mostatic factors, Nutr Metab Cardiovasc Dis (2009), doi:10.1016/



Table 2 Effects of placebo, Mediterranean diet and plant stanol esters on cardiovascular risk factors during the study.

Control (placebo ester)
n Z 50

Mediterranean diet
n Z 50

Plant stanol ester
n Z 50

Total cholesterol (mg/dl)
Baseline 223� 14 225� 12 228� 15
End of study 219� 13 208� 13 193� 10
Change % �1.8 �7**y �14**yyz

Triglycerides (mg/dl)
Baseline 115� 26 113� 23 112� 22
End of study 114� 25 106� 20 110� 21
Change % �1 �6**y& �2

High density lipoprotein cholesterol (mg/dl)
Baseline 45� 6 45� 6 45� 7
End of study 45� 6 48� 6 46� 6
Change % e 6%*y& 2

Low density lipoprotein cholesterol (mg/dl)
Baseline 156� 17 158� 16 159� 19
End of study 152� 15 143� 16 133� 16
Change % �2 �9*y �16**yyz

Systolic blood pressure (mmHg)
Baseline 124� 9 123� 8 122� 8
End of study 122� 8 118� 7 120� 9
Change % �2 �4*y �2

Diastolic blood pressure (mmHg)
Baseline 75� 5 76� 6 75� 7
End of study 74� 5 74� 5 74� 6
Change % �1 �3 �1

Plasma glucose (mg/dl)
Baseline 89� 11 91� 9 92� 10
End of study 87� 10 86� 7 89� 8
Change % �2 �6*y �3

High sensitivity C-reactive protein (mg/l)
Baseline 2.3� 0.6 2.2� 0.6 2.1� 0.6
End of study 2.3� 0.6 1.8� 0.5 1.8� 0.5
Change % e �19**yy �17**yy

Fibrinogen (mg/l)
Baseline 3.02� 0.23 2.92� 0.19 2.97� 0.25
End of study 2.96� 0.22 2.66� 0.16 2.90� 0.23
Change % �2 �9**y& �2

Plasminogen activator inhibitor type 1 activity (AU/dl)
Baseline 10.9� 3.7 11.7� 1.7 11.2� 4.4
End of study 11.2� 3.7 10.4� 1.5 10.9� 4.2
Change % 3 �11**yy& �3

*p< 0.01 vs baseline, **p< 0.002 vs baseline, yp< 0.01 vs control, yyp< 0.001 vs control, zp< 0.003 vs Mediterranean diet, & p< 0.01 vs
plant stanol ester.
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Serum concentrations of plant sterols/stanols and
cholesterol precursors

Compared with the control and the Mediterranean diet
groups, cholesterol-standardized serum plant sterol
concentrations (sitosterol and campesterol) significantly
decreased (�52% and �32%, respectively; p< 0.001 for
both changes) in the plant stanol ester group, indicating
Please cite this article in press as: Athyros VG, et al., Effect of a plant
diet on estimated cardiovascular risk and lipid, inflammatory and hae
j.numecd.2009.08.014
a reduction in cholesterol absorption (Table 3). The
cholesterol-standardized concentration of the cholesterol
precursor lathosterol increased significantly (by 21%;
p< 0.001) in the plant stanol ester group compared with
non-significant reductions in the control and Mediterranean
diet group (by 1 and 2%, respectively), indicating an
(probably compensatory) increase in cholesterol synthesis
(Table 3). The net result of the reduction in cholesterol
stanol ester-containing spread, placebo spread, or Mediterranean
mostatic factors, Nutr Metab Cardiovasc Dis (2009), doi:10.1016/



Table 3 Effects of placebo, Mediterranean diet and plant stanol esters use on cholesterol-standardized serum plant sterol and
stanol levels during the study.

Control (placebo ester)
n Z 50

Mediterranean diet
n Z 50

Plant stanol ester
n Z 50

Serum sitosterol (102� mmol/mmol cholesterol)(multiplication)
Baseline 85.1� 15.4 84.0� 16.5 87.2� 15.7
End of study 84.6� 16.1 86.6� 16.5 43.2� 9.4
Change % �2% 2% �52%*yz

Serum campesterol (102� mmol/mmol cholesterol)
Baseline 187.9� 43.4 188.9� 44.1 190.3� 45.2
End of study 185.6� 42.36 194.7� 46.6 110.6� 31.2
Change % �1% 3% �32%*yz

Serum lathosterol (102� mmol/mmol cholesterol)
Baseline 78.4� 15.2 77.5� 14.5 78.2� 14.9
End of study 77.6� 15.3 75.5� 13.8 94.3� 16.5
Change % �1% �2% 21%*yz

Serum sitostanol (102� mmol/mmol cholesterol)
Baseline 7.7� 4.2 7.5� 4.3 7.9� 4.5
End of study 7.6� 4.2 7.8� 4.4 12.3� 5.7
Change % �1 4 56*yz

Serum campestanol (102� mmol/mmol cholesterol)
Baseline 8.3� 4.9 8.6� 4.6 8.5� 4.8
End of study 8.4� 4.9 9.0� 4.7 12.1� 5.9
Change % 1 5 42*yz
*p< 0.0001 vs baseline, yp< 0.0001 vs control, zp< 0.0001 vs Mediterranean diet.
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absorption and the increase in cholesterol synthesis with
plant stanol esters was a significant reduction in serum
cholesterol concentrations. Cholesterol-standardized
sitostanol and campestanol concentrations significantly
increased in the plant stanol ester group (Table 3). This
suggests that plant stanols are absorbed to a small extent.
However, cholesterol-standardized serum levels of plant
stanols remained very low (Table 3).

Percentage of subjects at lipid target

At the end of the study, 7/50, 23/50 and 40/50 patients in the
control (placebo), Mediterranean diet and plant stanol ester
groups achieved TC levels <200 mg/dl (5.2 mmol/l;
p Z 0.0001 plant stanol ester spread vs placebo spread,
p Z 0.0008 for plant stanol ester spread vs Mediterranean diet
and p Z 0.0009 for placebo spread vs Mediterranean diet).

Discussion

An increased adherence to the Mediterranean diet (by 2.2
points on a 10-point scale) in mildly hypercholesterolaemic
subjects was associated with a substantial reduction in
eCVD risk due to changes in several CVD risk factors. Plant
stanol ester use was also associated with a significant (and
similar to the Mediterranean diet) decrease in eCVD risk,
compared with placebo, mainly due to a steady reduction
in LDL-C concentrations. Therefore, stanol ester consump-
tion appears to be a useful option to reduce CVD risk in
moderately hypercholesterolaemic subjects who do not
adopt a Mediterranean diet.
Please cite this article in press as: Athyros VG, et al., Effect of a plant
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Several studies showed the beneficial role of the Medi-
terranean diet (rich in fruits, vegetables, olive oil, legumes,
whole grains, fish, nuts and low-fat dairy products) on risk
of CVD, T2DM and several types of cancer [14e16,18e20].
Prospective data showed that a 2-point increase in the
10-point scale we used corresponds to a 25% reduction in
total mortality [15,16]. The Mediterranean diet is also
associated with beneficial effects on blood pressure, lipo-
proteins, platelet aggregation, inflammation and coagula-
tion [19,21,22]. Our results are in agreement with those
mentioned above. We found that improved adherence to
the Mediterranean diet was associated with beneficial
changes in TC, LDL-C, TGs and HDL-C concentrations and
reductions in systolic blood pressure, inflammatory (hsCRP)
and thrombotic markers (F concentrations and PAI-1
activity). It therefore appears that the Mediterranean diet
reduces vascular risk through several mechanisms. We
observed an approximately 30% reduction in eCVD risk
associated with a 2.2-point increase in this 10-point scale in
agreement with previous studies [15,16]. The changes in
CVD risk factors and eCVD risk occurred in a population with
a baseline adherence to Mediterranean diet of 3.2 points. If
mildly hypercholesterolaemic subjects from countries with
lower baseline scores could attain such a high level of
adherence (5.4 points) the benefit could be more evident.

Several reports showed a favourable impact of food
products with added sterol or stanol on TC and LDL-C
concentrations in subjects with either normal or elevated
TC concentrations [23e28]. These studies indicate that
adding 2e3 g/day of plant stanols to an ‘‘ordinary’’ or low-
fat diet lowers LDL-C concentrations by 15% or more
stanol ester-containing spread, placebo spread, or Mediterranean
mostatic factors, Nutr Metab Cardiovasc Dis (2009), doi:10.1016/



Figure 3 Time course of change in LDL-C and hsCRP in the 3
treatment groups. * Z p< 0.01 vs placebo spread.
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[23e28]. Our findings in a Mediterranean population are in
agreement with those of the above studies that included
North European or US populations. This was the reason for
this patient group reaching cholesterol targets more than
the other 2 groups in our study. A reduction in LDL-C
concentrations of this magnitude would be expected to
reduce the risk of CAD by about 25% [28], similar to that
achieved by a 2-point increase in the 10-point Mediterra-
nean diet scale mentioned above.

The hsCRP decrease in the Mediterranean diet group
might play a role in eCVD risk reduction. However, only the
Reynolds risk engine includes hsCRP. It was shown that
adherence to the Mediterranean diet attenuates pro-
inflammatory processes in healthy adults [22]. In addition,
elevated hsCRP concentrations are independently associ-
ated with increased CVD risk [29]. Increased adherence to
Mediterranean diet was related to lower hsCRP concentra-
tions and reduced CVD risk [29]. Previous studies reported
that plant stanol ester consumption, on top of statin
treatment, reduced hsCRP concentration by 37% [30],
a reduction greater than what we observed (�17%).
However, in another study using both plant sterols and
stanols in 41 subjects on statins there was no change in
hsCRP concentration [31]. It appears that the elevated
hsCRP baseline concentrations, despite statin treatment,
Please cite this article in press as: Athyros VG, et al., Effect of a plant
diet on estimated cardiovascular risk and lipid, inflammatory and hae
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might have played a role in the significant reduction in the
first study [30]. Mean baseline hsCRP concentrations were
approximately 2 mg/l in our patients probably because of
the presence of a combination of CVD risk factors [32,33].
All patients had dyslipidaemia, a substantial number were
smokers and some had positive family history of premature
CAD or IFG (Table 1). Our patients share some similarities
with those enrolled in the primary prevention trial ‘‘Justi-
fication for the Use of Statins in Prevention: an Intervention
Trial Evaluating Rosuvastatin’’ (JUPITER) [33]. It was shown
that statin therapy reduces hsCRP concentrations. The
magnitude of clinical benefit associated with statin therapy
correlates in part with the achieved hsCRP level [34]. The
JUPITER trial [33] showed that patients without established
CVD, like those included in our study, with hsCRP concen-
trations >2 mg/l, regardless of their LDL-C concentration,
have an increased risk for CVD. This risk was substantially
reduced (by 44% vs placebo) with rosuvastatin [33]. Thus,
achieving LDL-C targets and hsCRP concentrations <2 mg/L
was associated with improved event-free survival compared
with achieving neither target or LDL-C targets alone
[33,35,36]. This is also probably the case in our study,
where reductions in both LDL-C and hsCRP (to a lesser
degree than in those in JUPITER) were recorded in both
active dietary intervention groups. We observed a benefi-
cial effect of Mediterranean diet on F concentrations and
PAI-1 activity, in accordance with previous studies [22],
while in the placebo and plant stanol ester groups there
was no significant change in these parameters [37].

In the plant stanol group, we observed a substantial
reduction (p< 0.001) compared with baseline and the other
2 groups in serum plant sterol (principally sitosterol)
concentrations (indicating a reduction in cholesterol
absorption). In patients with sitosterolaemia, mutations in
the ABCG5 or ABCG8 genes result in a marked increase in
serum plant sterol concentrations, which are associated with
premature CAD [38], similar to patients with homozygous
familial hypercholesterolaemia [39]. Some data suggest that
there is no association between moderately elevated serum
concentrations of plant sterols and atherosclerosis in either
animals or humans [40e42]. In contrast, a study in patients
with a positive family history for CAD showed that moderate
but significant elevations in values of serum sitosterol and
campesterol were independently associated with increased
CAD risk [43]. In a nested case-control post hoc analysis of
the PROCAM trial, moderately elevated sitosterol concen-
trations (>5.25 mmol/l) were also associated with an
approximately 3-fold increase in the risk of a CAD event in
high risk men, during a 10-year follow-up [44]. This was also
shown in post-menopausal CAD women during a 5-year
follow-up [45]. In Finnish patients of the Scandinavian Sim-
vastatin Survival Study (4S) with high (baseline and during
study) serum plant sterol concentrations there was no
benefit (reduction in CAD recurrence) during the 5-year
treatment with simvastatin [46]. The 4S investigators sug-
gested additional treatment with inhibitors of cholesterol
and plant sterol absorption (e.g. with plant stanol esters) for
this patient group [47]. Moreover, higher serum plant sterol
concentrations are associated with higher concentrations in
atherosclerotic plaques [48]. Use of ezetimibe (an intestinal
cholesterol and plant sterol absorption inhibitor) results in
a marked reduction in serum sitosterol and campesterol
stanol ester-containing spread, placebo spread, or Mediterranean
mostatic factors, Nutr Metab Cardiovasc Dis (2009), doi:10.1016/
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concentrations, regression of xanthomatosis, resolution of
carotid bruits and improvement in aortic stenosis in patients
with sitosterolaemia [49,50]. These findings suggest that
plant stanol supplements might exert an additional benefit
by lowering circulating plant sterol concentrations.

Conclusions

Our findings suggest that the Mediterranean diet has
beneficial effects on several vascular risk factors and
reduces eCVD risk in patients with mild hyper-
cholesterolaemia. Plant stanol esters conferred a similar
reduction in eCVD risk resulting mainly from the decrease in
TC and LDL-C concentrations. This was evident among
mildly hypercholesterolaemic men or women, post-
menopausal women and patients with IFG. It appears that
the use of plant stanol esters by moderately hyper-
cholesterolaemic subjects is a useful option to reduce CVD
risk in those who do not adopt a Mediterranean diet.
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Uusitupa MI. Comparison of the effects of plant sterol ester
and plant stanol ester-enriched margarines in lowering serum
cholesterol concentrations in hypercholesterolaemic subjects
on a low-fat diet. Eur J Clin Nutr 2000;54:715e25.

[27] Plat J, van Onselen EN, van Heugten MM, Mensink RP. Effects on
serum lipids, lipoproteins and fat soluble antioxidant concen-
trationsof consumption frequencyofmargarinesand shortenings
enriched with plant stanol esters. Eur J Clin Nutr 2000;54:671e7.

[28] Law MR. Plant sterol and stanol margarines and health. BMJ
2000;320:861e4.

[29] Panagiotakos DB, Pitsavos C, Chrysohoou C, Skoumas I,
Stefanadis C. ATTICA Study. Five-year incidence of cardio-
vascular disease and its predictors in Greece: the ATTICA
study. Vasc Med 2008;13:113e21.

[30] Cater NB, Garcia-Garcia AB, Vega GL, Grundy SM. Respon-
siveness of plasma lipids and lipoproteins to plant stanol
esters. Am J Cardiol 2005;96(1A):23De8D.

[31] De Jong A, Plat J, Bast A, Godschalk RW, Basu S, Mensink RP.
Effects of plant sterol and stanol ester consumption on lipid
metabolism, antioxidant status and markers of oxidative
stress, endothelial function and low-grade inflammation in
patients on current statin treatment. Eur J Clin Nutr 2008;
62:263e73.

[32] Ridker PM, Rifai N, Clearfield M, Downs JR, Weis SE, Miles JS,
et al. Measurement of C-reactive protein for the targeting of
statin therapy in the primary prevention of acute coronary
events. N Engl J Med 2001;344:1959e65.

[33] Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto Jr AM,
Kastelein JJ, et al. Rosuvastatin to prevent vascular events in
men and women with elevated C-reactive protein. N Engl J
Med 2008;359:2195e207.

[34] Ridker PM, Cannon CP, Morrow D, Rifai N, Rose LM, McCabe CH,
et al. C-reactive protein levels and outcomes after statin
therapy. N Engl J Med 2005;352:20e8.

[35] Tziomalos K, Athyros VG, Karagiannis A, Mikhailidis DP.
JUPITER: major implications for vascular risk assessment. Curr
Med Res Opin 2009;25:133e7.

[36] Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto Jr AM,
Kastelein JJ, et al. Reduction in C-reactive protein and LDL
cholesterol and cardiovascular event rates after initiation of
rosuvastatin: a prospective study of the JUPITER trial. Lancet
2009;373:1175e82.

[37] Plat J, Mensink RP. Vegetable oil based versus wood based
stanol ester mixtures: effects on serum lipids and hemostatic
factors in non-hypercholesterolemic subjects. Atherosclerosis
2000;148:101e12.

[38] Salen G, Shefer S, Nguyen L, Ness GC, Tint GS, Shore V.
Sitosterolemia. J Lipid Res 1992;33:945e55.

[39] Glueck CJ, Speirs J, Tracy T, Streicher P, Illig E, Vandegrift J.
Relationships of serum plant sterols (phytosterols) and
Please cite this article in press as: Athyros VG, et al., Effect of a plant
diet on estimated cardiovascular risk and lipid, inflammatory and hae
j.numecd.2009.08.014
cholesterol in 595 hypercholesterolemic subjects, and familial
aggregation of phytosterols, cholesterol, and premature
coronary heart disease in hyperphytosterolemic probands and
their first-degree relatives. Metabolism 1991;40:842e8.

[40] Wilund KR, Yu L, Xu F, Vega GL, Grundy SM, Cohen JC, et al.
No association between plasma levels of plant sterols and
atherosclerosis in mice and men. Arterioscler Thromb Vasc
Biol 2004;24:2326e32.

[41] Plat J, Beugels I, Gijbels MJJ, de Winther MPJ, Mensink RP.
Plant sterol or stanol esters retard lesion formation in LDL
receptor-deficient mice independent of changes in serum
plant sterols. J Lipid Res 2006;47:2762e71.

[42] Fassbender K, Lütjohann D, Dik MG, Bremmer M, König J,
Walter S, et al. Moderately elevated plant sterol levels are
associated with reduced cardiovascular risk-The LASA study.
Atherosclerosis 2008;196:283e8.

[43] Sudhop T, Gottwald BM, von Bergmann K. Serum plant sterols
as a potential risk factor for coronary heart disease. Metab-
olism 2002;51:1519e21.

[44] Assmann G, Paul Cullen P, Erbey J, Rameyd DR,
Kannenberga F, Schulte H. Plasma sitosterol elevations are
associated with an increased incidence of coronary events in
men: results of a nested case-control analysis of the
Prospective Cardiovascular Münster (PROCAM) study. Nutr
Metab Cardiovasc Dis 2006;16:13e21.

[45] Rajaratnam RA, Gylling H, Miettinen TA. Independent asso-
ciation of serum squalene and noncholesterol sterols with
coronary artery disease in postmenopausal women. J Am Coll
Cardiol 2000;35:1185e91.

[46] Miettinen TA, Gylling H, Strandberg T, Sarna S, for the Finnish
4S Investigators. Baseline serum cholestanol as predictor of
recurrent coronary events in subgroup of Scandinavian Sim-
vastatin Survival Study (4S). Br Med J 1998;316:1127e30.

[47] Miettinen TA, Strandberg TE, Gylling H, for the Finnish
Investigators of the Scandinavian Simvastatin Survival Study
Group. Non-cholesterol sterols and cholesterol lowering by
long-term simvastatin treatment in coronary patients: rela-
tion to basal serum cholestanol. Arterioscler Thromb Vasc Biol
2000;20:1340e6.
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