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BSTRACT
ackground Plant stanols have been recommended in com-
ination with individualized dietary interventions to re-
uce plasma cholesterol concentrations. It is unclear
hether plant stanols in combination with dietary guid-
nce in patients already using optimal doses of statins
ill further reduce fasting and postprandial lipids com-
ared with standard care.
tudy design This single-blind, randomized study investi-
ated the effect of plant stanols in margarines, combined
ith a lipid-lowering dietary intervention, in patients
lready on lipid-lowering medications at maximal doses
ot reaching their target lipid levels. Nutrition education
as based on the stages of change theory. The control
roup (which served as the standard care control group)
as also taking optimal doses of statins. This group re-

eived a margarine without plant stanols and a leaflet
ith Dutch nutrition guidelines. Fasting lipids were mea-

ured once in venous samples and postprandial lipemia
as assessed by self-measured triglycerides in an outpa-

. Castro Cabezas is an internist with St Franciscus
asthuis Rotterdam, Department of Internal Medicine,
nd A. J. H. H. M. Van Oostrom is a cardiologist, Uni-
ersity Medical Center Utrecht, the Netherlands. J.
estra and W. A. van Staveren are dietitians with the
ivision Julius Center for Health Sciences and Primary
are, University Medical Center Utrecht, the Nether-

ands. J. H. M. de Vries and W. A. van Staveren are di-
titians with the Division of Human Nutrition,
ageningen University, the Netherlands.
Address correspondence to: Manuel Castro Cabezas,
D, PhD, St Franciscus Gasthuis, Department of Inter-

al Medicine, PO Box 10900, 3004 BA Rotterdam, the
etherlands. E-mail: m.castrocabezas@sfg.nl
Copyright © 2006 by the American Dietetic

ssociation.
0002-8223/06/10610-0002$32.00/0
mdoi: 10.1016/j.jada.2006.07.009

564 Journal of the AMERICAN DIETETIC ASSOCIATION
ient setting. All subjects were given a capillary triglyc-
ride measuring device (Accutrend GCT, Roche Diagnos-
ics, Mannheim, Germany) and were instructed to
easure their capillary triglycerides at six fixed time-

oints throughout the day on three different days. The
ean area under the triglyceride curve represented total

aylong triglyceridemia, which has been shown to reflect
ostprandial triglyceridemia. Twenty patients were in-
luded, 11 in the intervention group and 9 in the control
roup.
esults In the plant stanol group, low-density lipoprotein
holesterol decreased significantly by 15.6% compared
ith a reduction of only 7.7% in the control group. The
aylong triglyceridemia was similar in both groups at the
eginning and at the end of the study, and no change was
bserved by the intervention.
onclusion Intensive dietary intervention with addition of
lant stanols results in clinically relevant reduction of
ow-density lipoprotein cholesterol in patients optimally
reated with statins, compared with similar patients on
tatins receiving only standard care. The use of a plant
tanol-enriched margarine did not decrease postprandial
riglyceridemia in these patients.
Am Diet Assoc. 2006;106:1564-1569.

ypercholesterolemia is one of the most important
modifiable risk factors for atherosclerosis (1). Sev-
eral randomized clinical trials have shown that re-

ucing plasma cholesterol concentrations leads to a sig-
ificant and clinically relevant decreased risk for
therosclerotic events (2). Trials with statins (inhibitors
f cholesterol synthesis) have been of paramount impor-
ance (3). These studies have resulted in guidelines with
oals for the reduction of mortality and morbidity in
atients at risk (4). Lifestyle intervention remains the
ornerstone in all published guidelines. When low-den-
ity lipoprotein (LDL) cholesterol goals are not achieved,
tatin medications are recommended. Some patients,
owever, do not reach target lipid values with statin

onotherapy. Until recently, bile acid sequestrants or

© 2006 by the American Dietetic Association
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icotinic acid were recommended as an addition to statins
n these situations. However, the use of these compounds
as not been popular due to their side effects. Combina-
ion therapy of statins with fibrates is an option, but the
otential risk of increasing concentrations of muscle en-
ymes, reflecting rhabdomyolysis, makes this interven-
ion less appealing.

Plant stanols and sterols have also been recommended
n patients with mild hypercholesterolemia and in pa-
ients who do not reach their targets for LDL cholesterol
5). These compounds decrease plasma cholesterol con-
entrations by reducing the intestinal absorption of cho-
esterol, thereby increasing the hepatic expression of LDL
eceptors and reducing the production of endogenous
DL cholesterol (6). In one study, reduction of postpran-
ial lipemia was also described (7). This additional effect
f stanols may also reduce the risk for atherosclerosis on
op of the risk reduction achieved by LDL cholesterol
eduction by statins (8,9).
Dietary changes, especially a decrease of saturated fat

ntake, can reduce plasma cholesterol by 30% (10), but in
linical practice a reduction of 5% to 15% is usually ob-
erved (11-13). These dietary intervention effects could be
nhanced by education, based on the level of readiness to
hange according to the stages of change theory (14).

The efficacy of plant stanol interventions in subjects on
ptimal statin treatment, in combination with an individ-
alized cholesterol-reduction diet, has not been studied.
e have investigated whether this intervention can re-

uce plasma cholesterol concentrations in patients
reated in a tertiary referral center with a specialized
ipid clinic. In addition, the effects of this intervention on
ostprandial lipemia, as measured by self-assessed day-
ong triglyceridemia, were also investigated.

ATIENTS AND METHODS
atients were recruited at the outpatient clinic of the
epartment of Vascular Medicine of the University Med-

cal Center Utrecht. The Medical Ethical Committee ap-
roved the study, and all patients gave written informed
onsent. Twenty patients were included. The inclusion
riteria were: primary hyperlipidemia, receiving maximal
ose of statins with no change in the medication for at
east 6 months before inclusion, and the willingness to
ollow an individualized dietary therapy during the
tudy. Exclusion criteria were: obesity (body mass index
calculated as kg/m2] �30), previous use of plant stanol or
lant stanol-containing products; plasma cholesterol con-
entrations less than 200 mg/dL (5.20 mmol/L) or more
han 385 mg/dL (9.95 mmol/L); a recent (within 3 months)
yocardial infarction or any other cardiovascular event;

he use of any other drug that may affect intestinal cho-
esterol absorption (such as bile acid sequestrants or
zetimibe).

tudy Design
ll patients were screened on day 1 and were randomly
ssigned to the intervention group (plant stanol marga-
ine and intensive dietary intervention) or a control
roup (control margarine and a leaflet with the basic

utritional guidelines for a healthful diet). All patients b
eceived instructions for the self-measurement of capil-
ary triglycerides and the recording of their food intake in

diary (see Triglyceride Self-measurements). The inter-
ention period lasted for 6 weeks. Fasting blood samples
ere taken at inclusion and after 3 and 6 weeks of follow-
p. A food frequency questionnaire (FFQ) was filled out at
aseline and after 6 weeks to assess adherence to the
ietary guidelines. All participants visited the depart-
ent at 3 and 6 weeks and had an interview with an

xperienced registered dietitian (RD) to enhance adher-
nce. A quality of life questionnaire was also filled out at
he start and at the end of the intervention. Anthropo-
etric characteristics were recorded and body fat mass
as measured (15).

argarine
he intervention group received a plant stanol-enriched
argarine (Benecol, Johnson & Johnson, Tilburg, the
etherlands) and the control group received a compara-
le margarine but without plant stanols (Becel diet, Uni-
ever, Vlaardingen, the Netherlands). Both margarines
ontain 62% fat. The patients were asked to use 250 g of
argarine each week, with a regular daily intake divided

ver the week. This amount represents 30 to 35 g of
argarine per day and provided the intervention group
ith 3 g of plant stanols, which is the daily advised
osage to reduce LDL cholesterol (5).

ietary Guidance
he intervention group received individual intensive di-
tary education with an experienced RD at baseline and
fter 3 weeks of intervention. To standardize the dietary
uidance, the RD followed a standardized protocol devel-
ped for the study and according to evidence-based guide-
ines of the dietetic department of the hospital. Dietary
ducation was based on the results of the first dietary
ssessment from the FFQ and the readiness of the pa-
ient to change dietary behavior according to the Stages
f Change theory (14,16).
The Stages of Change theory attempts to explain be-

avior change with five levels of readiness to make
hanges. The five stages are: precontemplation (no plans
or action), contemplation (considering changing behav-
or), ready for action or preparation (intending to change
ehavior), action (clear recent change in behavior), and
aintenance (maintain the desirable behavior for more

han 6 months). During the visits at baseline and after 3
eeks, the RD discussed the pitfalls and problems that
atients anticipated and experienced in changing their
utritional behavior. In addition, she provided practical

nstructions, reinforced good food habits, and motivated
he patients to change food habits that deviate from the
uidelines. The subjects in the control group also visited
he RD twice, but they received only a “healthy eating”
eaflet and questions were answered.

uality of Life and Dietary Adherence
or assessment of quality of life, a short questionnaire
as developed and validated based on the Medical Out-

omes Study functioning and well-being profile (Cron-

ach ��.87) (17). Habitual dietary intake, including the
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onsumption of margarine, was assessed by an FFQ to
heck adherence to the dietary guidelines (18). Total en-
rgy intake and fat consumption were computed using
he Dutch nutrient database (19) and compared with the
ecommended daily allowances (19,20). To check com-
leteness of margarine intake, patients were asked to
eturn their empty margarine tubs at their next visit to
he hospital.

linical Chemistry
enous blood samples were collected after a 12-hour fast.
lasma cholesterol, triglycerides, and high-density li-
oprotein cholesterol were measured by standard proce-
ures in our laboratory (21). LDL cholesterol was calcu-
ated by the Friedewald formula (22). Apolipoproteins
Apo) B and AI were determined by nephelometry (21,23).

riglyceride Self-measurements
elf-measurement of capillary triglycerides was done
ith a triglyceride-specific point-of-care testing device

Accutrend GCT, Roche Diagnostics, Mannheim, Ger-
any) (21,23-25). Subjects were instructed to wash and

ry their hands thoroughly before each measurement. A
rop of blood (30 �L) was obtained from the finger with a
ancing device and applied to the triglyceride test strip in
he triglyceride-analyzer. Subsequently, triglyceride con-
entrations were measured as described (23-27). If there
as not enough blood on the triglyceride test strip, the

ubjects were instructed to repeat the measurement. The
articipants were instructed to measure their capillary
riglycerides on 3 different days (preferentially Monday,

ednesday, and Friday; not on the weekends) at the
ollowing time-points: fasting, before and 3 hours after
unch as well as 3 hours after dinner and at bedtime.

The results and time-points were recorded in a diary
nd were checked with the subjects afterwards. All con-
entrations were stored automatically in the memory of
he triglyceride-analyzer. Participants were instructed to
efrain from heavy physical activity, although normal
aily activities such as riding a bike to work were al-
owed. In case of one or more missing measurements
uring a day, the data for that particular day were not
sed for determination of a mean daylong triglyceride
rofile. The daylong capillary triglyceride profile was cal-
ulated by the area under the curve of the six capillary
easurements and was used for statistical analysis.
The measurement range for capillary triglycerides is

0.8 to 607.1 mg/dL (0.8 mmol/L to 6.9 mmol/L). In the
ase of an undetectable capillary triglyceride concentra-
ion, the lower or upper limit was used for the calcula-
ions. Variation coefficients for different capillary triglyc-
ride concentrations are 3.3% for high triglycerides (541.6
g/dL or 6.1 mmol/L) and 5.3% for low triglycerides

160.2 mg/dL or 1.8 mmol/L) (23). The correlation coeffi-
ient between capillary triglyceride measurements with
he triglyceride-analyzer and plasma measurements ac-
ording to enzymatic methods is 0.9. Daylong capillary
riglyceride profiles correlate to postprandial lipemia as-
essed by standardized oral fat loading tests (23,26). In
ddition, daylong triglyceridemia estimated with six

easurements did not differ from hourly measurements, r

566 October 2006 Volume 106 Number 10
uggesting that these time-points are representative for
he daylong study period (23,26).

nthropometrics and Body Composition
ody weight without shoes or coat was measured and
ecorded in kilograms on a calibrated scale (Seca, Am-
telveen, the Netherlands). Height was measured in cen-
imeters, using a measuring tape (Roche Diagnostics,
uebec, Canada) while the patient was standing straight
ith heels together, feet angled about 45°, and the eyes
nd the top of the ears in a horizontal line (Frankfurter
lane). Waist circumference was measured in centime-
ers over the patient’s umbilicus and hip circumference
also in centimeters) was measured at the largest points
f the hips (trochanter height or symphysis height in
atients with high subcutaneous fat tissues). Body fat
as determined by bioimpedance according to the guide-

ines of the manufacturer (Tanita TBF-531, Sindelfingen,
ermany) (15).

tatistical Analysis
ata are expressed as means�standard deviation. Each
uestion on the quality-of-life questionnaire was scored
rom 1 to 5 points, the maximum score represented by 5.
or all chemical analyses, the data of the second and
hird visit were used to obtain a mean of two measure-
ents. A paired t test did not reveal any significant

ifferences between both time points. Daylong capillary
riglyceride profiles were calculated as mean integrated
rea under the 14-hour curve by the trapezoidal rule.
ifferences between the intervention groups were tested
y Student’s t test and within each group by paired t test.
tatistical significance was reached when P�0.05 (two-
ailed). Calculations were performed using SPSS/PC ver-
ion 10.0 (SPSS Inc, Chicago, IL).

ESULTS
able 1 shows the general characteristics of the patients.
ll subjects used atorvastatin or simvastatin in maxi-
ally registered dosages at that time (80 mg once daily).
he treatment was well-tolerated without significant side
ffects, and did not have a significant effect on the quality
f life. No significant differences were found in the levels
f readiness to change behavior between the start and the
nd of the trial or between the study groups. Both groups
lready had reached, on average, the stage of action at
aseline and reported having reduced total daily fat in-
ake.

Before the trial, the mean habitual daily energy in-
ake for the stanol group was 1,864�488 kcal and
,366�503 kcal for the control group (Table 2). At the
nd of the trial, the mean total energy intake was not
ifferent (1,876�375 and 2,201�775 kcal, respectively)
nd there were no differences between the groups. The
ean fat intake (percentage of total energy intake)

efore the intervention was 36.1%�6.9% in the stanol
roup and 36.2%�6.2% in the control group. At the end
f the study, the recorded intake was 38.4%�5.7% and
6.7%�4.3%, for the experimental and control group,

espectively.
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Plasma cholesterol and LDL cholesterol decreased sig-
ificantly in the stanol group (9.9% and 15.6%, respec-
ively), and plasma ApoB showed a similar reduction
10.8%) (Table 1). In the control group, only a significant
ecrease of LDL cholesterol (7.7%) was observed in addi-
ion to a reduction of plasma ApoB (6.8%). The changes in
DL cholesterol and ApoB between the two groups were
ot statistically different.
The mean daylong triglyceridemia estimated as area

nder the capillary triglyceride curves in the stanol
reated group was 3,380.7�1,902.8 mg·h/dL (38.2�21.5
mol·h/L) before and 3,256.8�1,876.2 mg·h/dL (36.8�21.2
mol·h/L) after the intervention (not significant). Similar

esults were found in the control group (2,619.6�504.5
nd 2,787.8�1,628.4 mg·h/dL [29.6�5.7 and 31.5�18.4

Table 1. General characteristics, fasting plasma lipids, and apolipop
investigating the effect of plant stanols in margarines in patients alr

Experimental Regimen
6 wome

Before

Age (y) 45.7�11.7
BMIc 25.5�2.4
Plasma cholesterol (mg/dL)d 250.9�50.2
Plasma triglycerides (mg/dL)e 194.7�123.9
LDLf cholesterol (mg/dL)d 173.7�54.0
HDLg cholesterol (mg/dL)d 39.76�11.6
ApoBh (mg/dL) 122�24
ApoAIi (mg/dL) 125�27

aAll participants were using statins.
bThe experimental regimen included margarines with plant stanols (Benecol, Johnson & J
regimen included margarine (Becel diet, Unilever, Vlaardingen, the Netherlands) and na
cBMI�body mass index.
dTo convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.026. Cholesterol of 5.00
eTo convert mg/dL triglyceride to mmol/L, multiply mg/dL by 0.0113. Triglyceride of 1.8
fLDL�low-density lipoprotein.
gHDL�high-density lipoprotein.
hApoB�apolipoprotein B.
iApoAI�apolipoprotein AI.
*P�0.05.
**P�0.01.

Table 2. Mean total energy and nutrient intake of the patients on th
study investigating the effect of plant stanols in margarines in patie

Experimental Re

Baseline

4™™™™™™™™™™™™™™
Energy (kcal/d) 1,864�488
Total fat (% of energy) 36.1�6.9
Saturated fat (% of energy) 11.7�2.2
Monounsaturated fat (% of energy) 12.0�3.6
Polyunsaturated fat (% of energy) 9.4�5.1
Cholesterol (mg/day) 148�37

aSD�standard deviation.
mol·h/L], respectively; not significant). t
The mean body weight in the control group decreased
rom 60.2�11.3 kg to 59.2�11.9 kg (without reaching
tatistical significance [P�0.07]) compared with the plant
tanol group (62.2�14.3 kg at inclusion and 62.2�14.5 kg
t the end of the study). There were no significant differ-
nces in waist circumference or in body fat mass between
he groups at inclusion or at the end of the study.

ISCUSSION
ntensive dietary intervention and a cholesterol-reduc-
ion diet with addition of a margarine enriched with plant
tanols in hyperlipidemic patients treated with maximal
oses of statins resulted in a 15% extra reduction of LDL
holesterol. It has been reported that plant stanols reduce

ns of the patients on experimental and control regimens in a study
on lipid-lowering medicationsa

11, 5 men, Control Regimenb (n�9, 3 men,
6 women)

fter Before After

51.7�15.3 —
5.2�2.5 27.0�4.8 26.9�4.9
3.9�96.5* 281.8�54.0 270.2�42.5
8.2�97.4 150.5�70.8 177.0�88.5
6.7�38.6** 200.7�57.9 185.3�50.2*
.76�11.2 49.4�14.3 50.6�16.6

113�18** 133�24 125�23*
115�18 139�28 135�25

, Tilburg, the Netherlands) and intensive dietary guidance for 6 weeks, while the control
ietary guidance for 6 weeks.

/L�193 mg/dL.
ol/L�159 mg/dL.

erimental and control regimens at baseline and after 6 weeks in a
ready on lipid-lowering medications

n (n�11) Control Regimen (n�9)

fter 6 weeks Baseline After 6 weeks

™™™™™™™™™™™ mean�SDa ™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
,876�375 2,366�503 2,201�775
38.4�5.7 36.2�6.2 36.7�4.3
11.8�2.6 11.9�1.4 11.8�1.8
13.2�2.2 13.1�3.5 12.9�2.2
10.7�2.9 8.6�3.4 9.5�2.2
175�65 206�76 181�63
rotei
eady
b (n�
n)

A

—
2

22
16
14
39

ohnson
tional d

mmol
0 mm
e exp
nts al

gime

A

™™™™
1

otal cholesterol by 10% and LDL cholesterol by 10% to
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5% (5). Our study shows similar results superimposed
n a statin treatment. However, in the present study we
id not find a significant benefit compared with the con-
rol intervention (without stanol). This may have been
he consequence of the limited number of subjects in-
luded in the study. The power analysis was done, aiming
or a reduction of at least 10% LDL cholesterol by the
tanol intervention. The number of subjects was suffi-
ient for this purpose.

Plant stanols are specific inhibitors of intestinal cho-
esterol absorption (5,28), which is a different mode of
ction than bile acid sequestrants. Bile acid sequestrants
mpede bile reabsorption, thereby indirectly reducing
holesterol absorption (29).

Whereas the daily intake of cholesterol can be 300 mg,
larger proportion (900 mg daily) reaches the intestinal

umen due to the bile secretion, as has been published
ecently (30). Plant stanols and sterols decrease intesti-
al cholesterol uptake by 40% (28,29).
In theory, this could lead to less cholesterol available

or cholesterol synthesis and, therefore, fewer chylomi-
rons secreted during the postprandial phase, as has been
uggested before (7). This would result in a less hepatic
elivery of exogenous cholesterol and therefore upregula-
ion of the hepatic LDL receptors. The consequence would
e decreased hepatic very low-density lipoprotein secre-
ion. This sequence of events would therefore lead to
ower postprandial lipemia, as has been reported earlier.

ith our method of measuring daytime triglyceridemia,
e were not able to demonstrate a significant effect on
ostprandial lipemia. However, this does not exclude an
ffect on the number of postprandial lipoproteins because
lasma ApoB was reduced by both the stanol and the
ontrol intervention. It is conceivable that although the
umber of particles may be reduced, the cholesterol con-
ent of the particles could be lower with a normal triglyc-
ride content, which would explain our results. It should
e noted that intestinal triglyceride and cholesterol ab-
orption are separate mechanisms. Apparently, the
ormer is not affected by stanols.

It is likely that the decrease of blood lipids was caused
y the plant stanols provided by the plant stanol marga-
ine because patients proved to use their margarine but
ardly changed their background diet. Based on self-
eports from the FFQ and the number of margarine tubs
eturned, it may be concluded that at least 75% of the
atients adhered sufficiently to the dietary guidelines.
he intake of plant stanols from foods other than the
tanol margarine is expected to be only approximately 50
g per day, and was probably not different between the

ntervention and the control group. Despite of the inten-
ive dietary guidance of the intervention group we did not
nd any differences in the total energy intake and fat
onsumption between the intervention and the control
roups. However, the consumption of fruit and fish in the
ntervention group at the end of the study was somewhat
igher than in the control group (data not shown).
The small differences in dietary intake may be ex-

lained by the fact that the study groups already had
chieved a maximum change in their dietary behavior
efore they entered the study. Most patients had already
eached the stage of action or the stage of maintenance.

evertheless, the intakes of saturated fat were still

568 October 2006 Volume 106 Number 10
igher than the Dutch Recommended Dietary Allowance
f 10% of energy (20).
At present, in the small number of clinical studies

ublished, including different groups of patients, all
howed beneficial effects from addition of stanols or ste-
ols to the diet (5,28). These compounds seem to be safe,
nd experts in the United States recommend the use of
lant stanols or sterols as part of a lifestyle intervention
trategy to reduce LDL cholesterol levels (4).
Limitations of this study include its small size and

hort follow-up. Also, these patients were a selected
roup because many patients did not want to participate
ecause of the duration of the study and the number of
isits to the hospital. Larger studies with a much longer
ollow-up period and a more representative sample will
e necessary to establish the clinical significance of in-
ensive dietary education and addition of plant stanols to
tatin-treated patients. Preferably, these trials should
lso include hard endpoints for cardiovascular disease.
In conclusion, addition of a stanol-enriched margarine

o statin-treated hyperlipidemic subjects resulted in ad-
itional reduction of LDL-cholesterol compared with a
ontrol group on statins receiving standard care. These
ndings should be considered when LDL target values
re not reached. Intensive dietary follow-up improved the
ietary pattern only slightly in this group of patients who
lready had changed their diet according to the guide-
ines. Postprandial hypertriglyceridemia is not modu-
ated by plant stanols.

he study was fully supported and funded by the depart-
ent of Internal Medicine and the Division Julius Center

or Health Sciences and Primary Care of the University
edical Center Utrecht.
The authors thank the patients at the University Med-

cal Center Utrecht for their enthusiastic participation.
This paper is dedicated to the memory of our beloved

riend and colleague Professor D. Willem Erkelens.
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