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We evaluated whether plant stanol esters mixed with different vegetable oil spreads improved arterial health. A total of 200 adults with serum

cholesterol .5mmol/l were randomised to consume camelina, rapeseed or sunflower oil spread with stanol (2 g/d) ester or sunflower oil spread

without stanol ester (controls) for 3 months. Non-invasive ultrasound was used to measure carotid artery compliance (CAC) and brachial artery

flow-mediated endothelial dependent vasodilatation (FMD) at baseline and after the intervention as markers of arterial health. Plant stanol esters

reduced LDL-cholesterol by 9% compared with controls (P,0·001) similarly in the different treatment groups. In the combined treatment groups

(n 147), CAC or FMD were not changed from controls (n 47). In a subgroup analysis, division of subjects at baseline into below and over sex-

specific 50th percentiles of CAC and FMD revealed that low CAC was improved from 1·23 to 1·59% per 10mmHg in the treatment group (n 69),

and from 1·42 to 1·47% per 10mmHg in controls (n 25), (P¼0·0035 between groups). Low FMD was improved from 6·9% to 8·6% in the treat-

ment group (n 73) and from 6·6% to 6·8% in controls (n 24) (P¼0·05 between groups). In the respective high-median groups, CAC and FMD

were not changed in spite of significantly lowered LDL-cholesterol. In conclusion, consumption of plant stanol ester for 3 months had no overall

significant effect on arterial elasticity and endothelial function. A controlled study is needed to test whether beneficial changes are obtained in

subjects with initially reduced arterial elasticity and endothelial function.

Endothelial function: LDL-cholesterol: Plant stanol esters: Sitosterol

Ultrasonographically assessed changes in arterial function and
structure are useful means to study early pathophysiological
changes in arteries regarding the development of atherosclero-
sis. Carotid arterial compliance (CAC) or elasticity is a func-
tional marker of arterial health. The compliance decreases as a
consequence of many disease states such as atherosclerosis
and diabetes(1). In addition, risk factors, such as high LDL-
cholesterol level, elevated blood pressure, obesity and smok-
ing, have been associated with decreased arterial elasticity in
cross-sectional studies(1). Impaired CAC has been implicated
as an independent predictor for cardiovascular events in
high-risk individuals(2). Another commonly used marker of
arterial health is endothelium-dependent brachial artery flow-
mediated dilatation (FMD)(3). The dilatation response for
increased blood flow is mainly mediated by nitric oxide
released from arterial endothelial cells(4). Brachial FMD
response correlates with coronary endothelial function tested
with invasive methods(5) and it has been shown to predict
cardiovascular events(6,7).

Since increased LDL-cholesterol level is a major risk
factor for the development of arterial atheromatosis, it is
logical to consider that lowering of its level could improve
abnormal ultrasonographic findings. In fact, lowering of

LDL-cholesterol with statins improves endothelial dysfunc-
tion(8) even with relatively low starting LDL-cholesterol
levels(9). However, lowering of LDL-cholesterol during inhi-
bition of cholesterol absorption with ezetimibe alone or com-
bined with statins is not consistently improving endothelial
function(10). Plant sterol and stanol esters lower LDL choles-
terol by about 10% through inhibition of sterol absorption(11),
a change expected to reduce coronary events by 25% in long-
term use(12). Plant sterols alone or combined with dietary fibre
did not, however, affect endothelial function despite a simul-
taneous marked LDL-cholesterol reduction(13). Rapeseed oil
plant stanol esters and soya oil plant sterol esters in a head-
to-head study lowered LDL-cholesterol similarly, but only
the sterol esters decreased brachial artery diameter of mildly
hypercholesterolaemic subjects(14). The clinical relevance of
this change, however, remains open. In children with familial
hypercholesterolaemia, cholesterol lowering with plant sterol
or stanol esters had no effect on endothelial function(15,16).
In view of the inconsistent effects of regular plant sterol or
stanol ester consumption on arterial function, we studied the
effects of plant stanol ester in spread with three different
fatty acid compositions (camelina oil, rapeseed oil and
sunflower oil) on serum lipids and endothelial function in
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mildly hypercholesterolaemic subjects. For this purpose, a ran-
domised, double-blind, placebo-controlled 3-month trial was
performed to investigate whether plant stanol ester spread
with different fatty acid compositions could improve arterial
elasticity and endothelial function.

Subjects and methods

Study population and design

Study subjects were recruited from occupational health service
clinic Mehiläinen in Turku, Finland. Information about the
study was sent to several working places to be distributed
amongst their employees. In addition, the subjects were
recruited by advertising in a local newspaper. We invited
otherwise healthy 20 to 50 year-old subjects with at least
mild hypercholesterolaemia (total cholesterol .5mmol/l and
serum TAG ,2·5mmol/l) to participate in the study. Total
cholesterol concentration was verified before randomisation,
unless a value of .5mmol/l had been documented within
the previous 3 months or a value of .5·4mmol/l had been
documented within the previous 6 months. The study subjects
needed to be non-smokers (for at least 5 years), without
cholesterol-lowering medication and without regular plant
stanol/sterol use. Exclusion criteria also included the presence
of severe obesity (BMI . 35 kg/m2), diabetes, CVD, preg-
nancy or alcohol/drug abuse.
From among the visitors of the occupational health service,

200 subjects were recruited. They were randomised double-
blind to four groups (fifty in each), of which three consumed
vegetable oil spread with plant stanol (2 g/d) esters (active
treatment groups 1–3), and the fourth without added plant
stanol esters in the vegetable oil spread (control group).
The 150 participants of the active treatment groups were
matched with controls for age, serum and LDL-cholesterol
level and CAC and FMD (all comparisons P.0·1, data not
shown). The intervention lasted for 3 months. The daily
dose of spread was 25 g. The active treatment group 1 con-
sumed camelina oil spread with plant stanols transesterified
with rapeseed oil fatty acids, group 2 consumed rapeseed oil
spread with plant stanols transesterified with rapeseed oil
fatty acids, group 3 had sunflower oil spread with plant stanols
transesterified with rapeseed oil fatty acids and the control
group 4 consumed sunflower oil spread without added plant
stanol esters. The phytosterol composition of the stanol ester
blend contained 88·1% sitostanol, 8·6% campestanol, 1·6%
sitosterol and 0·7% other sterols. The spreads had a fat content
of 50–51% (absorbable fat). The amount of saturated fatty
acids was similar in the test spreads, 12–15 g/100 g product:
that of MUFA 18 g/100 g in camelina oil spread, 27 g/100 g
in rapeseed oil spread and 15 g/100 g in sunflower oil spreads:
that of PUFA 19, 12 and 22–24 g/100 g, respectively. The
amount of trans fatty acids was 0·1–0·3 g/100 g product.
Blood samples for lipid measurements were obtained after

overnight fast at baseline and at the end simultaneously with
body weight and ultrasound measurements. The participants
were advised to continue their habitual home diet otherwise
unchanged but to reduce their usual fat intake (about 23 g).
An estimated number of spread containers were divided to
the participants at the beginning of each month and the

intake of the spread was evaluated from the returned
containers.

All subjects gave their written informed consent. The inves-
tigation was carried out in accordance with the principles of
the Declaration of Helsinki. The study protocol was approved
by the Joint Ethics Committee of the University of Turku and
Turku University Central Hospital.

Lipid measurements

Fasting total and HDL-cholesterol and total TAG in serum
were measured with routine methods with commercial kits
and expressed in terms of mmol/l. LDL-cholesterol was calcu-
lated from the data(17). Serum cholesterol, squalene and non-
cholesterol sterols, i.e. cholestenol, desmosterol, lathosterol
(markers of cholesterol synthesis)(18), and cholestanol, cam-
pesterol, sitosterol and avenasterol (markers of cholesterol
absorption)(18,19) were measured with a single gas-liquid chro-
matographic run from non-saponifiable serum lipids. GLC was
performed with a 50m long SE-30 capillary column (Ultra 2;
Agilent Technologies, Wilmington, DE, USA) principally as
shown earlier(20). The values are given as ratios to cholesterol
(102 £ mmol/mol cholesterol).

Ultrasound studies

We used Acuson Sequoia 512 mainframe (Mountain View,
CA) with 8·0MHz linear array transducer. Studies were per-
formed after an overnight fast and after a 30min rest. Subjects
were instructed to discontinue any vasoactive medications 3 d
before the study. The digitally stored scans were analysed by
one reader blinded to subjects’ details.

Carotid artery elasticity. To assess CAC, the best quality
cardiac cycle was selected from the 5-s clip image. The
common carotid diameter 10mm from carotid bifurcation
was measured from the B-mode images using ultrasonic calli-
pers in end-diastole and end-systole, respectively. Brachial
blood pressure was measured during the ultrasound study
with an automated sphygmomanometer (Omron M4; Omron
Matsusaka Co., Ltd., Japan). The ultrasound and concomitant
brachial blood pressure measurements were used to calculate
CAC, as ([Ds 2 Dd]/Dd)/(Ps 2 Pd), where Dd is the diastolic
diameter, Ds, the systolic diameter, Ps, systolic blood pressure
and Pd, diastolic blood pressure(21). Thus, compliance is a
marker of arterial elasticity, which measures the ability of
the carotid arteries to expand as a response to pulse pressure
caused by cardiac contraction and relaxation. We have pre-
viously reported 2·7% between-visit CV for carotid artery
diastolic diameter measurements and 19·5% for CAC(21).

Brachial artery test. Brachial artery diameter was
measured as previously described(22). In brief, a resting scan
above the elbow was performed. Thereafter, hyperaemia was
induced by inflation of a cuff placed around the forearm fol-
lowed by release. Subsequent scans were taken at 40 s, 60 s
and 80 s after the cuff release. FMD, as a marker of endo-
thelial function, was calculated as the maximal percent
increase in arterial diameter during hyperaemia compared
with the resting value. This dilation response reflects endo-
thelium-dependent vasorelaxation capacity because it can be
blunted by simultaneous infusion of nitric oxide synthase
inhibitor(4). We have previously reported 3·2% between-visit
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CV for brachial artery diameter measurements and 26·0% for
FMD(22).

To evaluate whether the changes of CAC and FMD were
related to their baseline values, the treatment and control
groups were divided at baseline to below and above sex-
specific 50th percentile of CAC and FMD.

Statistical analysis

The comparisons between the study groups were performed
using ANOVA with Bonferroni correction, two-sided t test
and paired t test. Correlation coefficients were calculated
with Spearman rank correlations. A P value ,0·05 was
considered statistically significant.

Results

Table 1 presents the baseline characteristics of the combined
actively treated groups and controls. Seven subjects from the
150 active treatment group participants and three of the fifty
controls interrupted the study during the 3-month period for
reasons not related to the investigation, so that 143 and
forty-seven subjects completed the present study. The compli-
ance of consuming the spreads was 96 (SE 0·01) % in the
active treatment and 97 (SE 0·01) % in the control group.
Body weight was unchanged in all groups during the
intervention.

Lipids and sterols

Plant stanol ester intake reduced LDL-cholesterol concen-
tration by 6% from baseline (P,0·001). This treatment
effect did not differ across the three active treatment groups
(P¼0·14) indicating that the 143 stanol-treated subjects
could be combined to a single group (Table 2). In controls,

LDL-cholesterol increased by 3·6%. Thus, there was a signifi-
cant 9·3% difference between the intervention and control
groups (P¼0·003). There was no change in HDL-cholesterol
and serum TAG levels (data not shown).

Cholesterol synthesis was increased with plant stanol ester
consumption, as shown for cholestenol and lathosterol ratios
to cholesterol by about 20% v. baseline and by about 25%
v. controls (P,0·01 for both, Table 2). The absorption
sterol ratios were decreased, as shown for campesterol and
sitosterol by up to 27% v. baseline and by 35% v. controls
(P,0·001 for both).

Arterial elasticity and endothelial function

The intervention was not associated with significant absolute
changes in CAC or FMD (Table 2). A further subgroup anal-
ysis was performed to test the ( post hoc) hypothesis that sub-
jects with below median arterial elasticity or endothelial
function values might respond differently to treatment com-
pared with subjects with values above median.

Below-median carotid artery compliance. In subjects with
low baseline CAC (n 95), the intervention in the active treat-
ment group (n 69) significantly reduced total cholesterol from
baseline, but not from controls (Table 3). Total cholesterol
was significantly reduced from baseline (P,0·001), but
LDL-cholesterol reduction was not significant (P¼0·056).
The respective ratios of the synthesis markers cholestenol
and lathosterol were increased and those of absorption mar-
kers cholestanol, campesterol, sitosterol and avenasterol
were decreased both from baseline and from controls
(P,0·01 for all, except cholestanol v. controls).

The average CAC changed from 1·23 (SE 0·04) to 1·59
(SE 0·08) %/10mmHg in the active treatment group (n 69),
and from 1·42 (SE 0·05) to 1·47 (SE 0·07) %/10mmHg in con-
trols (n 25), (P¼0·004 between groups).

Above-median carotid artery compliance. In subjects with
high baseline CAC (n 95), both total and LDL-cholesterol
levels were decreased in the active treatment group (n 74)
as compared with baseline or control levels (P,0·05,
Table 3). Percentage changes of squalene, cholestenol and
lathosterol ratios were increased with plant stanol esters
from baseline and from controls (P,0·01 for all). All absorp-
tion marker ratios including cholestanol were significantly
decreased with the active treatment from baseline and from
controls (P,0·05 for all).

The average CAC changed from 2·32 (SE 0·05) to 1·97
(SE 0·07) %/10mmHg in the active treatment group (n 72)
and from 2·09 (SE 0·07) to 1·94 (SE 0·15) %/10mmHg in con-
trols (n 21) (NS between groups).

Below- and above-median flow-mediated dilatation. In
subjects with low FMD, the average FMD changed from
6·87 (SE 0·37) to 8·85 (SE 0·63) % in the active treatment
group (n 73), and from 6·63 (SE 0·60) to 6·77 (SE 0·73) % in
controls (n 24), (P¼0·05 between the groups). In subjects
with high FMD, the respective values were from 14·96
(SE 0·63) to 12·93 (SE 0·86) % in the active treatment group
(n 69) and from 13·02 (SE 0·92) to 11·07 (SE 1·04) % in con-
trols (n 23) (NS between groups). The lipid and sterol changes
were essentially similar to those observed with low and high
CAC (data not shown).

Table 1. Baseline characteristics of the study subjects†

(Mean values with their standard errors)

Treatment
group Control group

Variables Mean SE Mean SE

No. 143 47
Males

n 68 32
% 45 64

Age (years) 42·5 0·5 42·2 0·8
BMI (kg/m2) 25·4* 0·3 27·0 0·3
Waist circumference (cm) 88* 1 92 1
Systolic blood pressure (mmHg) 130 1 133 2
Diastolic blood pressure (mmHg) 80 1 81 1
Glucose (mmol/l) 5·46 0·03 5·51 0·06
Serum cholesterol (mmol/l) 5·83 0·07 5·95 0·14
LDL-cholesterol (mmol/l) 3·47 0·06 3·80 0·14
HDL-cholesterol (mmol/l) 1·71 0·04 1·62 0·05
Serum TAG (mmol/l) 1·39 0·07 1·28 0·11
CAC (%/10 mmHg) 1·78 0·06 1·72 0·06
FMD (%) 10·8 0·5 9·8 0·7

CAC, carotid artery compliance; FMD, brachial artery flow-mediated dilatation.
Mean values were significantly different from control: *P,0·05.
† For details of subjects and procedures, see Subjects and methods.
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Discussion

These data show that a daily intake of 2 g plant stanols from
stanol ester spread with different fatty acid composition
lowers LDL-cholesterol over 9% compared with controls in

a 3-month intervention. This effect was similar across the
different spread formulae, indicating that the different fatty
acid composition of the camelina oil, rapeseed oil and sun-
flower oil spreads did not differently affect the cholesterol-
lowering effect of plant stanols, even when compared with

Table 2. Effects of plant stanol ester on LDL-cholesterol level, non-cholesterol sterol ratios
to cholesterol, carotid artery compliance (CAC) and brachial artery flow-mediated endo-
thelial- dependent vasodilatation (FMD)*

(Mean values with their standard errors)

Treatment group
(n 143)

Control group
(n 47)

Variables Mean SE Mean SE

LDL-cholesterol (mmol/l) Baseline 3·47 0·06 3·80 0·14
Change, % 25·66†‡ 1·42 3·62 2·32

Cholestenol§ Baseline 19·0 0·6 20·3 1·0
Change, % 18·8†‡ 2·1 20·5 3·7

Lathosterol§ Baseline 131·7 4·2 136·6 7·0
Change, % 21·3†‡ 2·5 2·7 3·4

Campesterol§ Baseline 274·3 9·1 286·9 15·7
Change, % 226·3†‡ 1·3 2·3 3·3

Sitosterol§ Baseline 129·2 4·9 137·5 6·8
Change, % 226·7†‡ 1·3 5·4 2·7

CAC (%/10 mmHg) Baseline 1·78 0·06 1·72 0·06
Change 0·002 0·706 20·041 0·587

FMD (%) Baseline 10·80 0·49 9·76 0·72
Change 0·03 6·13 20·88 3·78

* For details of subjects and procedures, see Subjects and methods.
† Mean values were significantly different from baseline (P , 0·05).
‡ Mean values were significantly different from controls (P , 0·05).
§ 102 mmol/mol cholesterol.

Table 3. Serum total and LDL-cholesterol, squalene and non-cholesterol sterol ratios to cholesterol at baseline and % change after the interven-
tion in subjects divided at baseline into below (low) and above (high) mean of baseline carotid artery compliance (CAC)*

(Mean values with their standard errors)

Low CAC (n 95) High CAC (n 95)

Treatment (n 69) Control (n 26) Treatment (n 74) Control (n 21)

Variables Mean SE Mean SE Mean SE Mean SE

Cholesterol (mmol/l) Baseline 5·9 0·1 6·1 0·2 5·7 0·1 5·7 0·2
Change, % 24·9 1·2 21·4 1·9 23·9† 1·3 6·4 2·8

LDL- cholesterol (mmol/l) Baseline 3·4 0·1 4·0 0·2 3·5 0·1 3·6 0·2
Change, % 24·4 2·2 20·5 2·3 26·9† 1·8 8·7 4·2

Squalene‡ Baseline 21 2 17 2 16 1 18 2
Change, % 12 8 21 11 19† 6 23 7

Cholestenol‡ Baseline 19 1 21 1 19 1 20 1
Change, % 22† 3 24 6 16† 3 4 4

Desmosterol‡ Baseline 96 3 99 4 94 2 93 4
Change, % 8 1 3 3 5 1 5 3

Lathosterol‡ Baseline 133 6 136 8 130 6 138 13
Change, % 24† 4 20·4 5 19† 3 6 4

Campesterol‡ Baseline 281 14 277 21 268 12 299 25
Change, % 228† 2 4 5 225† 2 20·2 3

Sitosterol‡ Baseline 135 8 138 9 124 6 137 11
Change, % 228† 2 5 4 226† 2 6 3

Avenasterol‡ Baseline 46 2 46 2 44 1 47 3
Change, % 218† 2 4 4 216† 2 5 4

Cholestanol‡ Baseline 149 4 160 7 145 3 150 6
Change, % 26 1 22 2 26† 1 21 1

* For details of subjects and procedures, see Subjects and methods.
† Mean values were significantly different from controls (P , 0·05).
‡ 102 mmol/mol cholesterol.
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baseline or with sunflower oil control spread. Second, the data
suggested that the intake of plant stanol esters did not affect
elasticity of carotid artery and endothelial function in the
whole treatment group in spite of serum total and LDL-choles-
terol lowering.

Serum cholesterol reduction by statins has been reported to
improve endothelial function in children with familial
hypercholesterolaemia(8) or in normocholesterolaemic sub-
jects(9). Statins effectively reduce cholesterol synthesis, but
increase serum plant sterol levels(23), while ezetimibe induces
cholesterol malabsorption like plant stanols and reduces
cholesterol and plant sterol absorption and increases choles-
terol synthesis(24). However, ezetimibe alone or even in com-
bination with statin does not consistently improve endothelial
function(10). In previous studies, consumption of plant sterols
and stanols for a relatively short time significantly reduced
serum cholesterol, but had no consistent effect on FMD in
children with familial hypercholesterolaemia(15,16). Respective
statin treatment, however, improved FMD probably mostly
due to a more effective reduction of LDL-cholesterol(8).
Head-to-head comparison of plant stanol and sterol esters
with a crossover design and each consumed for 10 weeks
was carried out in moderately hypercholesterolaemic subjects
comparing the values with each other and a matched control
group(14). It was concluded that even though LDL-cholesterol
was similarly decreased by the two spreads, sterol ester
reduced the brachial artery diameter as compared with
stanol esters with no virtual difference in FMD(14). De Jong
et al. (25) recently investigated the effects of long-term plant
sterol or stanol ester consumption on endothelial function
and arterial stiffness in patients on statin treatment. Overall,
they found no effect on vascular function, but observed in a
subgroup analysis of their data that plant sterols and stanols
improved endothelial dysfunction and arterial stiffness in
patients at risk for CVD, indicated by high baseline levels
of matrix metalloproteinase-9. A subgroup analysis of the pre-
sent study similarly showed that arterial elasticity and endo-
thelial function were improved only in subjects who had
below average baseline values for these vascular parameters.
Obviously, the results of these post hoc analyses must be inter-
preted cautiously. Nevertheless, they raise the possibility that
plant stanols/sterols may improve vascular function in subjects
with suboptimal values. However, a controlled study is needed
to test this hypothesis.

Even though the present results can only be considered as
hypothesis generating, it can be assumed that in subjects
with low baseline endothelial function, as compared with
those with the high respective one, the endothelial layer of
arteries is thicker owing to excessively precipitated circulating
lipid material and that lowering of blood lipids could then
improve the endothelial function. The relatively small LDL
reduction in the low baseline endothelial function group,
however, was significantly associated with the improved endo-
thelial function. It should be borne in mind that statin-induced
improvement of endothelial function is not consistently associ-
ated with lipid-lowering, but it can be related to pleiotropic
function of statin therapy(10). Since plant stanols are virtually
unabsorbable, their pleiotropic function can hardly be con-
sidered. Additional studies of the present population indicated
that baseline serum cholesterol or baseline and follow-up
HDL-cholesterol and serum TAG levels, blood pressure and

BMI were not related to endothelial function or the changes
observed within it.

Our observations on measurement of non-cholesterol sterols
also showed a marked reduction in serum plant sterols and an
increase in cholesterol synthesis with plant stanols. This would
theoretically also reduce endothelial plant sterol contents, the
role of which is not known in the regulation of endothelial
function. The changes of serum plant sterols were, however,
similar in the subgroups with high and low endothelial
function.

In conclusion, 3-month consumption of plant stanol ester
spread did not affect endothelial function in the whole popu-
lation. An increase in arterial elasticity and endothelial reac-
tivity in subjects with below average baseline values raises
the possibility that plant stanols may improve vascular func-
tion in subjects with suboptimal values.
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