
Introduction

Many scientific bodies have established medical
guidelines in order to reduce the number of individ-
uals with elevated cholesterol concentrations [4].
Dietary recommendations and lifestyle advice are the

cornerstone of cardiovascular disease prevention. The
development of functional foods, including compo-
nents with cholesterol-lowering capacity, has in-
creased the tools available to control cholesterol
levels. Among them, the use of phytosterol-enriched
aliments is widely accepted. Phytosterols decrease
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j Abstract Background The
number of hypercholesterolemic
individuals who do not meet their
cholesterol recommended targets
is inappropriately high. The use of
plant sterol-enriched foods could
help in this clinical setting. Aim of
the study To evaluate the efficacy
and side effects of plant sterol-
enriched fermented milk in
reducing LDL-cholesterol and
increasing the number of patients
who attain their therapeutic tar-
gets. Methods This was a multi-
centre, randomised, double-blind,
placebo-controlled, parallel clini-
cal trial. Eighty-three hypercho-
lesterolemic patients that were not
at therapeutic goals were studied.
The patients received one 100 ml
serving of either plain (control)
low-fat or phytosterol enriched
(1.6 g of free sterol equivalents)
drinkable yogurt per day along
with the main meal for 42 days.
The principal variables were vari-
ation on LDL cholesterol (LDL-C)
concentration and the number of
patients achieving therapeutic
goals after intervention. Results

Patients on phytosterols attained
an average LDL-C reduction of
more than 10% (12.2% after
3 weeks; 10.6% after 6 weeks)
(P = 0.001; 95% CI: 4.03–19.00)
regardless of statin therapy com-
pared to the control group. About
50% of the subjects on phytoster-
ols, as compared to 20% of con-
trols, attained their LDL-C target
values (<3.3 or <2.6 mmol/l for
primary and secondary preven-
tion, respectively) at the end of the
study (P < 0.001). HDL-choles-
terol (HDL-C) did not change and
triglycerides (TG) were decreased
by 14% (P < 0.018). The plasma
sterols/total cholesterol ratio
increased. Conclusions Plant ste-
rol-enriched fermented milk sig-
nificantly reduced LDL-C and
increased the number of moder-
ately hypercholesterolemic pa-
tients achieving therapeutic
targets.

j Key words LDL-cholesterol –
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cholesterol absorption rate, by displacing cholesterol
from intestinal micelles and thus preventing choles-
terol absorption. Phytosterols can enter the entero-
cyte, but are immediately released to the intestinal
lumen through the ABCG5/G8 molecular system. The
western diet contains about 150–400 mg of phytos-
terols and stanols per day [23]. By increasing this
amount by threefold to fivefold, a clinically significant
cholesterol-lowering effect can be observed. At least
1 g of phytosterols per day is necessary to obtain a
significant 5–8% LDL cholesterol reduction [30]. This
effect is dosage-dependent until reaching a plateau of
around 2 g per day [23, 26, 46]. Dietary phytosterol
supplements are usually prescribed to moderately
hypercholesterolemic patients; therefore it may be
better to incorporate them in low-fat aliments along
with low-fat, cholesterol poor, diets [21]. Additionally,
the food matrix that contains phytosterols plays a role
in their lipid lowering potency. In recent years, non-
or low-fat matrices able to contain phytosterols have
been developed. However, their lipid-lowering effects
have not been fully studied [10, 11, 22, 28].

Epidemiological data clearly have shown that
higher cholesterol levels correlate with higher car-
diovascular risk [47]. Subsequent intervention trials
have demonstrated that by lowering the plasma LDL-
cholesterol (LDL-C) level, the number of cardiovas-
cular events is reduced both in primary and second-
ary prevention [2, 40]. In a recent meta-analysis, it
was calculated that the cardiovascular risk was re-
duced by 20% [8, 38] by each 1 mmol/l of LDL-C
reduction, independent of the therapy. The Adult
Treatment Panel (ATP) III recommend the following
LDL-C targets: for individuals in primary prevention
with no additional risk factors, <4.1 mmol/l; with two
or more non-lipid risk factors, <3.3 mmol/l; for pa-
tients with a first vascular accident or diabetes,
<2.6 mmol/l mg/dl or below 1.8 mmol/l in patients
with diabetes and cardiovascular disease (CVD). In
spite of the clear scientific support for these recom-
mendations, the number of individuals who do not
meet these targets is inappropriately high
(approaching 50%) [1, 3, 6, 15, 44, 45]. The reasons
for this are many but may be due to concern over
adverse effects of lipid-lowering drugs that are dos-
age-dependent. This is especially true when patients
are very close to targets and physicians are reluctant
to double statin doses to obtain just a 6% incremental
cholesterol reduction. The addition of about 2 g of
phytosterols induces a LDL reduction of about 10%
[5, 12, 23, 25, 28–30, 32, 39] and doses above 2 g add
very little [23]. The introduction of drinkable phy-
tosterol-enriched fermented skim milk may be
advantageous in controlling high cholesterol. How-
ever, its clinical effects must be verified, preferably
with a low-fat diet background. In this work, we

studied the effect of daily consumption of low-fat
fermented milk, enriched with plant sterols, on LDL-C
plasma concentrations and the overall impact of this
product on increasing the number of patients attain-
ing the LDL-C targets in a group of moderately
hypercholesterolemic subjects.

Subjects and methods

This was a multicentre, randomised, double-blind,
placebo-controlled, parallel clinical study. There were
two groups of intervention: control and low-fat tested
product containing 1.6 g equivalent of free sterols.
The recruitment was performed in six primary
healthcare centres and the external dispensary of a
tertiary centre. The latter was the coordinating site
where plasma lipid determinations for the study were
centralised. After being enrolled, study subjects fol-
lowed a single-blind 4-week run-in period under a
standard Mediterranean diet, which has been dem-
onstrated to reduce cardiovascular risk parameters
[13] (34% of calories derived from fat; 7% saturated,
7% polyunsaturated and 20% monounsaturated,
mainly from olive oil; 15% from proteins; 51% from
carbohydrates; cholesterol <300 mg/day) while
receiving one serving of low-fat (1.2%) drinkable
yogurt. Afterwards, 84 subjects were randomised and
entered the experimental period for 42 days. Forty-
four patients were allocated to the plant sterol-en-
riched fermented milk and 40 to the control product.
Randomisation was stratified by the presence of
concomitant statin therapy. The Mediterranean diet
was maintained during the experimental period. The
diet was assessed by dietary frequency questionnaires
and 24-hour recall tests for 3 days, four times
throughout the study. In each visit, dietary advice was
given to maintain compliance on the Mediterranean
diet. During the study, the patients attended five
medical appointments where physical examinations,
cardiovascular risk status, and four dietician visits
were performed to assess the dietary adherence. The
compliance with the study product was assessed as
percentage of scheduled servings consumed deter-
mined by interview and counting the unopened bot-
tles returned to the clinic. Less than 80%
consumption throughout the duration of the study
was defined as non-compliance. Data from physical
examination, anthropometrics parameters and blood
pressure were recorded and monitored across the
study. Plasma analyses were performed prior to the
beginning and after 3 and 6 weeks of tested product
consumption. Basal and final values of the main lipid
variables were calculated as the mean of two deter-
minations from blood samples taken 2–4 days apart
before and after the study. An additional sample was
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obtained after 3 weeks of intervention. The blood
samples were taken after a 12 h overnight fast. Global
cardiovascular risk was calculated using the Fra-
mingham score. Patients with CVD were considered
at high (>20%) global cardiovascular risk.

j Study subjects

Hypercholesterolemic subjects aged between 18 and
75 years with plasma LDL-C concentration above
3.3 mmol/l (10-year risk £20% and without ischemic
heart disease) or above 2.6 mmol/l (10-year risk
>20% or ischemic heart disease) not receiving or
receiving statin (nine in each group) were selected.
Subjects with a body mass index (BMI) higher than
30 kg/m2, diabetes, symptomatic CVD within the
prior 6 months, hypertriglyceridemia (>4 mmol/l),
severe digestive disorders or receiving lipid-lowering
drugs other than statins, antiacids or corticosteroids
were excluded. Patients were considered to be on
therapeutic targets when their LDL-C was <3.3 or
2.6 mmol/l, for lower and higher risk groups,
respectively. All participants provided a written in-
formed consent to participate and the study protocol
was reviewed and approved by an independent ethical
committee.

j Study products

The control product was low-fat (1.2%) fermented
milk (milk fermented with L. delbruekii bulgaricus
and S. thermophilus) without plant sterols. The tested
product was the same low-fat fermented milk en-
riched with ester of plant sterols at a dose-equivalent
mass of 1.6 g of free sterol. The major components of
the enriched-products were b-sitosterol (approxi-
mately 80%) and campesterol (approximately 10%).
The remaining 10% included b-sitostanol, campesta-
nol, stigmasterol and brassicasterol. The fermented
milk consumed by both groups contained (per 100 g)
3.2 g of protein; 11.2 g carbohydrates; 1.2 g of fat (7%
of saturated fatty acids, 63% of mono-unsaturated
fatty acids and 30% of polyunsaturated fatty acids) for
a total energy of 68 kilocalories. The study products
were all packaged in 100 ml bottles. Participants in-
gested one unit per day after lunch, for the course of
the study period.

j Study assessments

The variation of plasma LDL-C from baseline to day
42 and the proportion of patients that attained target
LDL-C levels fitted to their risk levels according to

ATP III recommendations were the primary efficacy
criterion. Variation of total cholesterol (TC), HDL-C
and TG concentrations were also determined. Side
effects and cholesterol metabolism parameters in-
cluded the variation of b-carotene, retinol, lathosterol,
campesterol, b-sitosterol, plasma concentrations, and
lathosterol/total-cholesterol, campesterol/total-cho-
lesterol, b-sitosterol/total-cholesterol, and b-carotene/
LDL-cholesterol ratios. Plasma samples were analysed
for TC, HDL-C and TG concentrations by standard
methods in the same run for each subject and visit.
LDL-C concentration was calculated with the Friede-
wald equation [14]. Plasma b-sitosterol, campesterol,
and lathosterol concentrations were determined by a
mass spectrometric-gas chromatography procedure.
Plasma concentrations of b-carotene and vitamin A
were determined by reverse phase high-pressure li-
quid chromatography. Serum C-reactive protein
(CRP) concentration was measured by a highly sen-
sitive turbidimetric immunoassay [9].

j Statistical analyses

The sample size was calculated at 42 subjects per
group to provide 80% statistical power to detect a
difference between the values of the primary efficacy
criterion (LDL-C variation) equal or greater than
0.4 mmol/l between both groups, assuming a com-
mon standard deviation of 0.6 mmol/l mg/dl and a
drop-out rate of 10% [26, 28, 30, 35, 36].

The primary null hypothesis was that the active
products were neither more effective than the control
in reducing LDL-C plasma concentrations nor
increasing patients at therapeutic targets. All analyses
were performed according to the intention-to-treat
principle. To test the differences between the two
groups, univariate analyses based on the generalised
linear models were performed to adjust for any sys-
tematic contribution to the changes from baseline
including the baseline values, the study product re-
ceived and the presence of concomitant statin phar-
macotherapy. Specific Tukey–Kramer post hoc
contrasts were defined for pairwise comparisons be-
tween study products. The parameters not accepting
parametric description were analysed by means of
Kruskal–Wallis tests. Secondary efficacy criteria based
on categorical variables were analysed by means of
Mantel–Haenszel v2 tests stratified by the cardiovas-
cular risk category (£20% versus <20%).

Results

Subject characteristics: Eighty-four subjects were en-
rolled in the study. One patient was excluded due to
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low compliance. The two groups produced by ran-
domisation were homogeneous in terms of demo-
graphic and clinical characteristics (Table 1). No
differences were observed between centres.

Participants followed identical dietary recommen-
dations in both groups. No gross violations of dietary
advice leading to withdrawal were observed by the
dieticians. Changes in body weight during the
experimental period were not statistically significant.
Compliance was above 80% in all participants in-
cluded in the final analyses.

LDL-cholesterol and other lipid parameters: The
absolute mean changes of TC, LDL-C and HDL-C and

TG from baseline to day 21 and 42 are summarised in
Table 2. The LDL-C lowering effect observed at the
end of the intervention period was )0.43 (0.47) mmol/
l with a significant mean change over control of 10.6%
(P < 0.001). This difference was already present at the
intermediate visit (after 3 weeks of product con-
sumption) with a mean change from a baseline of
)0.41(0.49) mmol/l, a change over the control of
12.2% (P = 0.001). A similar significant 10.6% LDL-C
decrease was observed when comparing subjects un-
der statin treatment (nine per group) after 6 weeks of
intervention (P = 0.034). The effects were similar for
men and women and were not influenced by age. TC

Table 1 Demographic and clinical
characteristics at baseline Variable n Phytosterol (1.6 g/day)

group mean (SD)
n Control group

mean (SD)

Age (years) 43 51.8 (10.19) 40 50.9 (12.03)
BMI (kg/m2) 43 26.5 (2.52) 40 26.9 (2.68)
SBP (mm Hg) 43 124.0 (14.21) 40 122.5 (15.55)
DBP (mm Hg) 43 77.3 (7.85) 40 78.0 (8.13)
Heart rate (bpm) 43 72.1 (7.87) 40 73.1 (7.95)
Serum LDL-cholesterol (mmol/l) 43 3.79 (0.66) 40 3.70 (0.79)
Serum total cholesterol (mmol/l) 43 5.94 (0.79) 40 5.94 (0.95)
Serum HDL-cholesterol (mmol/l) 43 1.46 (0.28) 40 1.48 (0.32)
Serum triacylglycerol (mmol/l) 43 1.55 (0.63) 40 1.62 (0.70)

n Frequency (%) n Frequency (%)

Concomitant statins 9 20.9 9 22.5
Cardiovascular risk >20% 13 30.2 12 30.0
Gender (proportion of males) 17 39.5 17 42.5

Table 2 Initial (baseline), intermediate (Day 21) and final (Day 42) plasma lipids concentration and absolute and relative mean changes (Day 42 minus baseline)

After 3 weeks of consumption (Day 21) P value After 6 weeks of consumption (Day 42) P value*

1.6 g/day Control 1.6 g/day Control

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

LDL-cholesterol
Baseline (mmol/l) 43 3.79 (0.66) 40 3.70 (0.79) – 43 3.79 (0.66) 40 3.70 (0.79) –
Absolute change (mmol/l) 43 )0.41 (0.49) 40 0.05 (0.56) <0.001* 43 )0.43 (0.47) 40 )0.07 (22.93) 0.001*
Relative change (%) 43 )10.15 (12.31) 40 2.02 (15.46) <0.001* 43 )10.49 (12.55) 40 0.14 (15.69) <0.001*

Total-cholesterol
Baseline (mmol/l) 43 5.94 (0.79) 40 5.94 (0.95) – 43 5.94 (0.79) 40 5.94 (0.95) –
Absolute change (mmo/l) 43 )0.43 (0.60) 40 )0.18 (0.70) 0.002* 43 )0.50 (0.55) 40 )0.14 (0.71) 0.004*
Relative change (%) 43 )6.90 (9.96) 40 0.91 (12.56) 0.002* 43 )7.99 (9.15) 40 )1.30 (11.99) 0.002*

HDL-cholesterol
Baseline (mmo/l) 43 1.46 (0.28) 40 1.48 (0.32) – 43 1.46 (0.28) 40 1.48 (0.32) –
Absolute change (mmo/l) 43 )0.03 (0.18) 40 0.00 (0.17) 0.167* 43 )1.03 (5.76) 40 )0.05 (0.20) 0.404a

Relative change (%) 43 )1.69 (12.60) 40 0.82 (13.12) 0.365* 43 )1.00 (10.86) 40 )2.83 (12.97) 0.477a

Triacylglycerol
Baseline (mmo/l) 43 1.55 (0.63) 40 1.62 (0.70) – 43 1.55 (0.63) 40 1.62 (0.70) –
Absolute change (mmo/l) 43 )0.01 (0.50) 40 0.03 (0.60) 0.517a 43 )0.13 (0.35) 40 0.07 (0.57) 0.077a

Relative change (%) 43 )2.02 (26.09) 40 6.66 (34.92) 0.236a 43 )6.58 (18.38) 40 7.69 (29.28) 0.018a

*ANCOVA adjusted by baseline values
aKruskal-Wallis test
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concentrations were also significantly decreased by
7.8 and 6.7% after 3 and 6 weeks, respectively
(P < 0.002). HDL-C plasma concentrations were un-
changed during the study, whereas TG concentrations
were decreased by 14% with respect to the control
group (P = 0.018) after 6 weeks of product con-
sumption (Table 2).

LDL-cholesterol targets: Twenty-one out of 43
(48.8%) subjects in the plant sterol enriched-product
group attained target LDL-C levels suited to their 10-
year cardiovascular risk (v2 P = 0.044), compared to 8
out of 40 (20.0%) in the control group. Among pa-
tients in the low-risk group, 56.6% on active product
versus 28.6% in the control group achieved the LDL
targets (P < 0.001), while among those in high car-
diovascular risk, 69.2% of those on active product
were on target and none on the control product
reached their target (Fig. 1).

Plant sterols and cholesterol precursors: The la-
thosterol/cholesterol ratio was not significantly in-

creased (12.56%; P = 0.228). We observed a
significant increase in b-sitosterol/cholesterol and
campesterol/cholesterol ratios in the group receiving
enriched product (38.8 and 26.7%, respectively;
P £ 0.002 in both cases) (Table 3). CRP, b-carotene
and retinol variations did not show any statistical
differences between the groups.

Discussion

In this study, we confirm the LDL-C reduction efficacy
of a low dosage (1.6 g/day) of plant sterols in a low-fat
matrix (less than 1.5% fat) in combination with a low-
fat, cholesterol-poor background diet. Only a few
studies have demonstrated the LDL-C lowering effect of
plant sterol-enriched low-fat dairy products. Our re-
sults are similar to other studies using different
matrices such as yogurt, spread margarine, cheese,
bread and cereals, among others [10, 16, 20, 25, 33]. The
results confirm the cholesterol lowering effect of plant
sterol-enriched low-fat drinkable yoghurt. Recent
studies show that phytosterol-enriched fermented milk
has a significant LDL cholesterol-lowering efficacy
when used in either a multiple or single-dose drinkable
or spoon yogurt. The reductions of LDL-C are in the
range of 5% [32, 39, 46] to 10% [5, 19, 24] greater when
the phytosterol-enriched products are taken along with
a meal [12]. Most works have been done using doses up
to 2 g/day because higher doses add very little to the
LDL lipid-lowering effect [23]. In our study, this per-
centage reduction was due to an absolute mean LDL-C
lowering of about 0.5 mmol/l in the active group. Two
recent meta-analyses [8, 38] demonstrate that for each
1 mmol/l of LDL-C reduction, the CVD risk is reduced
by 20%. Extrapolating these data to our results, it is
suggested that by taking a daily dose of the product, the
mean relative risk reduction would be about 10%.
Statins are the cornerstone of hypercholesterolemia
treatment and it is well-established that these drugs
reduce LDL-C by 20 to 50% and relative cardiovascular
risk by an average of 30% [2]. Doubling the statin dose
induces just an additional 6–8% LDL-C decrease [42].
In our study, the addition of fermented milk enriched
with phytosterols resulted in cholesterol lowering
capacity greater than 10%, even in those patients under
statin treatment in accordance with observations by
Katan et al. [23]. The most striking finding in this study
was that when we stratified the patients according to
their cardiovascular risk, the number of individuals
attaining the predefined LDL-C targets was more than
doubled, from 20% in the control group to about 50% in
the intervention group including those on statins. This
observation is of great clinical importance because we
have much data showing that the percentage of people
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Fig. 1 Proportion of patients meeting their target LDL-cholesterol levels on the
final visit (Day 42) in the whole sample and stratified by Framingham 10-year
cardiovascular risk score. Figures in the bars are the absolute number of
patients achieving therapeutic targets in each group regarding treatment

Table 3 Initial (baseline) and final (Day 42) plasma campesterol, beta-sitos-
terol related to total cholesterol and absolute and relative mean changes (Day
42 minus baseline)

1.6 g/day Control P value*

n Mean (SD) n Mean (SD)

Campesterol/total cholesterol
Baseline (lg/mg) 43 0.82 (0.39) 40 0.65 (0.22) –
Final (lg/mg) 42 1.05 (0.54) 39 0.68 (0.30) –
Absolute change (lg/mg) 42 0.22 (0.34) 39 0.03 (0.23) 0.001a

Relative change (%) 42 33.08 (44.41) 39 6.33 (30.32) 0.002*

Beta-sitosterol/total cholesterol
Baseline (lg/mg) 43 1.47 (0.70) 40 1.18 (0.44) –
Final (lg/mg) 42 1.98 (0.97) 39 1.10 (0.45) –
Absolute change (lg/mg) 42 0.49 (0.64) 39 )0.07 (0.37) <0.001a

Relative change (%) 42 41.25 (39.58) 39 )2.44 (27.29) <0.001*

*ANCOVA adjusted by baseline values
aKruskal–Wallis test
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at high cardiovascular risk and not on target is inap-
propriately high in Spain and abroad; exceeding 50%
and being even worse in those groups at very high risk
[1, 3, 6]. We can assume that these moderately hyper-
cholesterolemic patients were close to the targets. In
this clinical situation, physicians are reluctant to in-
crease pharmacological treatment to force patients into
goals due to concern over dosage-dependent adverse
effects. The use of this widely consumed food, enriched
with phytosterols, could help patients obtain the ther-
apeutic objectives. During the experimental phase,
plant sterols were well-accepted and clinical, anthro-
pometric parameters, blood pressure, and body mass
index, were unchanged. Since plant sterols inhibit part
of cholesterol absorption, they might also interfere with
the absorption of other fat-soluble compounds such as
b-carotene or vitamin A. In our study, the b-carotene/
LDL cholesterol concentrations were unchanged be-
tween groups. These observations are consistent with
previous studies [17, 24, 27, 43]. The results of a few
studies have suggested a slight reduction of plasma
carotenoid concentrations [18, 36, 37, 41]. It seems that
providing the appropriate diet including carotenoid-
rich foods [31] can minimise or compensate caroten-
oid-lowering effects. Plasma sitosterol and campesterol
concentrations increased independently of cholesterol
variations in the active group by 26.7 and 38.8%,
respectively. This effect is in accordance to the product
composition. It has been reported that 2 g daily of
phytosterols can increase plasma campesterol and
sitosterol up to 50% regardless of cholesterol variations
[23]. In our patients, the final values of plasma phy-
tosterol were well within normal ranges [23]. In the rare
disease referred to as sitosterolemia, the sitosterol
plasma concentrations are increased from 20 to 100

times the normal ranges and lead to increased cardio-
vascular risk. Although it has been suggested that
moderately elevated plasma sterol levels could also be
associated to cardiovascular risk [7], recent data show
no correlations [48] or even a protective effect [34]
between plasma sterols within normal ranges and car-
diovascular risk. The daily use of this plant sterol-en-
riched fermented milk was associated with a 10.6%
reduction in LDL-C concentrations compared to the
control group and a twofold to threefold increase of
people attaining the LDL-C goals, regardless of any
adverse effect.

j Acknowledgments This study has been performed as part of the
ISCIII (Ministry of Health) research network on Diabetes and
Metabolism (REDIMET-RD06). Funding was provided by Danone
Research. We thank Pascale Rondeau (Danone Research) for her
help on the statistical analysis and to Pr Philippe Gambert and his
team (CHU Le Bocage—Dijon, France) for his collaboration and
the determination of phytosterol plasma levels. We are very grateful
to the volunteers involved in this study. We kindly thanks Danone
Spain, Jose Antonio Mateos Guardia and Jose Maria Cobo Sanz, for
their support.

*The Danacol group: All these contributed to patient recruitment
and clinical and dietary control: Hospital Sant Joan: Lluis Masana,
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