
ABSTRACT
Background: Full-fat sitostanol ester–containing margarine
reduces serum total and LDL cholesterol, but the effect of plant
stanol ester–containing margarine as part of a low-fat, low-cho-
lesterol diet has not been studied.
Objective: We investigated the cholesterol-lowering effects of 2
novel, low-fat stanol ester–containing margarines as part of a
low-fat diet recommended for hypercholesterolemic subjects.
Design: In a parallel, double-blind study, 55 hypercholes-
terolemic subjects were randomly assigned after a 4-wk high-fat
diet (baseline) to 3 low-fat margarine groups: wood stanol
ester–containing margarine (WSEM), vegetable oil stanol
ester–containing margarine (VOSEM), and control margarine (no
stanol esters). The groups consumed the margarines for 8 wk as
part of a diet resembling that of the National Cholesterol Educa-
tion Program’s Step II diet. The daily mean total stanol intake was
2.31 and 2.16 g in the WSEM and VOSEM groups, respectively.
Results: During the experimental period, the reduction in serum
total cholesterol was 10.6% (P < 0.001) and 8.1% (P < 0.05)
greater and in LDL cholesterol was 13.7% (P < 0.01) and 8.6%
(P = 0.072) greater in the WSEM and VOSEM groups, respec-
tively, than in the control group. Serum campesterol concentra-
tions decreased 34.5% and 41.3% (P < 0.001) in the WSEM and
VOSEM groups, respectively. Serum HDL cholesterol,
sitostanol, campestanol, b-carotene, and fat-soluble vitamin con-
centrations did not change significantly from baseline.
Conclusions: We conclude that the low-fat, plant stanol
ester–containing margarines are effective cholesterol-lowering
products in hypercholesterolemic subjects when used as part of
a low-fat, low-cholesterol diet. They offer an additional, clini-
cally significant reduction in serum cholesterol concentrations to
that obtained with a low-fat diet alone. Am J Clin Nutr
1999;69:403–10.

KEY WORDS Cholesterol, low-fat diet, plant stanol esters,
sitostanol, campestanol, campesterol, apolipoproteins,
hypercholesterolemia, margarine, humans

INTRODUCTION

An increased concentration of LDL cholesterol is the main
risk factor for atherosclerotic vascular disease. Considerable
efforts have focused on different measures to lower elevated con-

centrations of LDL cholesterol, such as dietary and pharmaco-
logic measures.

Plant sterols, structurally resembling cholesterol, reduce
serum cholesterol concentrations by inhibiting the absorption of
both dietary and biliary cholesterol from the small intestine (1,
2). Sitostanol, the saturated form of sitosterol, has been shown to
be most effective in this respect (2, 3). Because sitostanol is vir-
tually unabsorbable, it has been considered a safe way to reduce
elevated serum cholesterol concentrations. Several studies have
shown that 2.0–3.0 g sitostanol from full-fat sitostanol
ester–containing margarines or mayonnaises significantly
reduces serum total and LDL-cholesterol concentrations without
affecting HDL-cholesterol or serum triacylglycerol concentra-
tions (4–9). However, the effect of plant stanols delivered in low-
fat margarines on elevated cholesterol concentrations as part of a
recommended low-fat, low-cholesterol diet (10) has not been
studied.

Therefore, we investigated to what extent the 2 low-fat mar-
garines enriched with wood or vegetable oil–based plant stanols
would reduce serum total and LDL-cholesterol concentrations as
part of a low-fat, low-cholesterol diet and whether or not these 2
low-fat plant stanol ester–containing margarines would lower
serum cholesterol concentrations equally.

SUBJECTS AND METHODS

Subjects

Altogether, 91 subjects were screened for the study from the
occupational health care system and former studies carried out at
the Department of Clinical Nutrition, University of Kuopio,
Kuopio, Finland. To be included in the study, subjects had to
have a serum total cholesterol concentration of 5.4–7.5 mmol/L;
to have a serum triacylglycerol concentration < 3.0 mmol/L; to
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be aged 20–60 y; to have normal liver, kidney, and thyroid func-
tion; to not be taking any lipid-lowering drugs or other drugs that
might affect lipid concentrations; to be willing to participate; and
to not be an abuser of alcohol. On the basis of these criteria, 60
subjects were selected for the study. Five subjects dropped out at
the beginning of the run-in period for personal reasons. These
subjects did not differ in initial serum lipid concentrations,
weight, or lifestyle habits from the 55 subjects who completed
the study. Five subjects used low-estrogen oral contraceptives, 6
used postmenopausal estrogen medication, and 3 used calcium
channel blockers, diuretics, or both for the treatment of hyper-
tension or ischemic heart disease. Ten of the subjects were
smokers. The subjects were requested to maintain their weight,
alcohol consumption, smoking habits, and physical activity dur-
ing the study. Baseline characteristics of the subjects are shown
in Table 1. The study protocol was approved by the Ethics Com-
mittee of the University of Kuopio and all subjects gave their
informed consent.

Study design

This double-blind, parallel, randomized study consisted of a
4-wk run-in period (high-fat diet) and an 8-wk experimental
period (low-fat, low-cholesterol diet). In 2 subjects, the experi-
mental diet period lasted only 6 wk because of a trip abroad.

Routine laboratory measurements were taken at the screening
visit and at the last visit of the study to ensure normal health sta-
tus. In addition, medical history, drug use, smoking habits, alco-
hol consumption, and physical activity were reviewed with a
questionnaire at the same time points. The subjects started the
study by following a high-fat diet for 4 wk. At the end of the run-
in period, the subjects were randomly assigned into 3 experi-
mental groups: wood stanol ester–containing margarine
(WSEM), vegetable oil stanol ester–containing margarine
(VOSEM), and control margarine. Smoking and the phase of
menstrual cycle were taken into account in the randomization.
After randomization, the subjects followed a low-fat diet for the
next 8 wk. Fasting blood samples were taken at the beginning of

the run-in (24 wk) and the experimental diet (0 wk) periods and
at weeks 2, 4, and 8. Body weight and side effects were recorded
at each visit.

Diets

The composition of the low–erucic acid rapeseed oil–based
low-fat margarines (Raisio Group, Raisio, Finland) is presented
in Table 2. The control margarine contained 35% of energy as fat
and no added plant stanols. The 2 test margarines contained 40%
of energy as fat and were prepared with use of commercially
available plant sterols (wood sterols: Ultra sitosterol, Kaukas Oy,
Finland; vegetable sterols: derived principally from soy oil,
Archer Daniels Midland Co, Decatur, IL) by recrystallization,
hydrogenation to form plant stanols, and esterification to pro-
duce fatty acid esters of the obtained plant stanols. The subjects
consumed 25 g low-fat margarine/d as part of their low-fat, low-
cholesterol diet. The theoretical daily intake of stanols was 2.34 g
(2.15 g sitostanol and 0.19 g campestanol) in the WSEM group
and 2.20 g (1.50 g sitostanol and 0.70 g campestanol) in the
VOSEM group. Vitamin A (5.5 mg/g) and vitamin D (0.07 mg/g)
were added to all 3 spreads. The subjects received coded tubs of
the test margarines when visiting the laboratory and they were
asked to record daily the consumption of the test margarines.

During the run-in period, dietary goals were to consume
36–38% of energy as fat (16–18% as saturated, 14% as monoun-
saturated, and 6% as polyunsaturated fat), 20% as protein, and
40–44% as carbohydrate. During the experimental period, the
diet resembled the Step I diet of the National Cholesterol Edu-
cation Program (10) and provided 28–30% of energy as fat
(8–10% as saturated, 12% as monounsaturated, and 8% as
polyunsaturated fatty acids), 20% as protein, and 50–52% as car-
bohydrate. The goal for cholesterol intake was 35.7 and 23.8 mg/MJ
during the run-in and experimental periods, respectively. Except
for the 3 test margarines, the diets were composed of normal
Finnish food items. The fatty acid compositions were adjusted
by changing the quality of spreads, vegetable oils, and liquid
milk products during the different study periods. During the run-in
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TABLE 1
Baseline characteristics of the subjects in the 3 study groups1

WSEM group VOSEM group Control group
Variables (n = 8 M, 10 F) (n = 6 M, 14 F) (n = 6 M, 11 F)

Age (y) 43.2 ± 8.2 40.8 ± 9.3 46.0 ± 8.2
Weight (kg)

Men 83.0 ± 9.5 80.5 ± 12.8 80.4 ± 7.5
Women 64.6 ± 11.0 61.9 ± 7.5 68.1 ± 12.2

Body mass index (kg/m2) 25.6 ± 4.0 24.2 ± 3.0 25.7 ± 3.5
Waist circumference (cm)

Men 93.4 ± 8.1 94.4 ± 9.3 94.8 ± 8.4
Women 81.2 ± 12.1 78.1 ± 9.4 83.8 ± 12.8

Lipids (mmol/L)
Total cholesterol 6.36 ± 0.76 6.15 ± 0.79 5.93 ± 0.64
LDL cholesterol 4.36 ± 0.76 4.21 ± 0.89 4.10 ± 0.60
HDL cholesterol 1.36 ± 0.38 1.37 ± 0.32 1.27 ± 0.27
Triacylglycerols 1.42 ± 0.67 1.25 ± 0.39 1.24 ± 0.66

Blood pressure (mm Hg)
Systolic 123 ± 8 121 ± 11 127 ± 17
Diastolic 79 ± 6 79 ± 9 81 ± 9

1 x– ± SD. There were no significant differences among groups. WSEM, wood stanol ester–containing margarine; VOSEM, vegetable oil stanol ester–con-
taining margarine.
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period, a milk-fat based spread (a blend of 0.6 g milk fat and 0.2
g vegetable oil/g spread), a small amount of rapeseed oil, and
1.5%-fat milk were consumed. During the experimental period,
a low-fat test margarine, sunflower oil, and skim or 1.0%-fat
milk were used. The compliance of the subjects was improved by
providing the spreads, vegetable oils, and liquid milk products
free of charge.

The subjects received detailed written and oral instructions
about the diets, including the precise amounts of food to be eaten
and the quality of food, by main food groups. The diets were cal-
culated for 9 energy intakes: 6.7, 7.6, 8.4, 9.2, 10.1, 10.9, 11.8,
12.6, and 13.4 MJ/d. The energy requirement of each subject was
estimated from a 4-d food record that subjects completed before
the study and by using the Harris-Benedict formula (11), to
which energy needs as a result of physical activity were added.

Adherence to the diets was monitored by examining a 4-d
(completed on 3 weekdays and 1 weekend day) food record once
during the run-in period and 3 times during the experimental
period. The subjects recorded their food consumption after con-
sulting a booklet containing photographs of food portions (12)
aimed to help them estimate portion sizes. At every study visit, the
subjects met a dietitian who advised them on the practical man-
agement of the diets and checked their food records. The diets
were planned and the nutrients in the food records were calculated
by using the MICRO-NUTRICA dietary analysis program
(Finnish Social Insurance Institute, Turku, Finland). The values
for the food-composition database were taken from Finnish food
analyses and international food-composition tables (13).

Laboratory measurements

Venous blood samples were obtained after a 12-h overnight
fast. After ultracentrifugation and precipitation (14), enzymatic
colorimetric methods were used to determine cholesterol and tri-
acylglycerols from whole serum and separated lipoproteins by
using commercial kits (Monotest Cholesterol and Triacylglycerol
GPO-PAP; Boehringer Mannheim GmbH Diagnostica,
Mannheim, Germany) with a Kone Specific Clinical Analyzer
(Kone Ltd, Espoo, Finland).

Serum samples for b-carotene, fat-soluble vitamins,
apolipoprotein (apo) A-I, apo B, and plant sterols were stored at
270 8C until analyzed at the end of the study. A Kone Specific
Clinical Analyzer and apo A-I and apo B reagents from Kone
Corporation were used to analyze apolipoproteins based on

immunoprecipitation enhanced by polyethylene glycol at 340 nm.
b-Carotene and fat-soluble vitamins were analyzed by HPLC
(Perkin-Elmer, Norwalk, CT) on a C18 column (Waters, Milford,
MA) (15, 16). Serum plant sterols were measured by gas-liquid
chromatography (model 5890A; Hewlett-Packard, Palo Alto, CA)
equipped with a (0.25 mm internal diameter) 25-m fused silica
CP-Sil 5-CB capillary column (Chrompack, Raritan, NJ) (17).

Statistical analyses

Statistical analyses were performed with SPSS for WIN-
DOWS 6.0 statistics program (SPSS Inc, Chicago). Normal dis-
tribution of variables was checked with the Shapiro-Wilks test
(18). Differences in serum lipid variables were analyzed with
repeated-measures multivariate analysis of variance
(MANOVA) followed by Student’s t test in between-group
analyses and paired t test in within-group analyses. Statistical
significance for the continuous response variables (serum
lipids, fat-soluble vitamins, apolipoproteins, and mean plant
sterols) were tested with a single-measurement, simple-factor-
ial ANOVA followed by Student’s t test. Logarithmic transfor-
mations were used when appropriate. If the initial concentra-
tion differed significantly among groups, the concentration was
adjusted in the between-groups comparisons by dividing the
response variable by the initial concentration. In addition, vari-
ables that were not normally distributed, even after logarithmic
transformation, and noncontinuous variables were tested with
the Kruskal-Wallis test, the chi-square test, or Wilcoxon’s
matched-pairs signed-rank test. Bonferroni adjustment was
used to control the overall a level. The results are expressed as
means ±SDs.

RESULTS

Baseline characteristics

There were no significant differences in baseline characteris-
tics among the study groups (Table 1). Body weight decreased
marginally during the study in all groups (1.2 ± 1.1, 1.2 ± 1.0,
and 1.1 ± 1.3 kg in the WSEM, VOSEM, and control groups,
respectively; NS among groups). Physical activity and smoking
habits remained stable and no side effects were reported.

Feasibility of the diets

The mean consumption of the test margarines was 98.9%,
98.0%, and 98.0% of the scheduled amount in the WSEM,
VOSEM, and control groups, respectively. Thus, the actual daily
mean stanol intakes were 2.31 ± 0.03 g (2.13 ± 0.03 g sitostanol
and 0.19 ± 0.00 g campestanol) in the WSEM group and
2.16 ± 0.12 g (1.47 ± 0.08 g sitostanol and 0.69 ± 0.04 g campes-
tanol) in the VOSEM group. The small differences in the
sitostanol and campestanol intakes were significant between the
experimental groups (P < 0.001).

There were no significant differences in habitual nutrient
intakes before the study among the groups. Nutrient intakes dur-
ing the experimental diet periods remained stable and were not
significantly different among the 3 groups (Table 3). Further-
more, the dietary goals were well achieved by all groups. In fact,
the mean intake of fat, saturated fatty acids, and dietary choles-
terol during the experimental period was even lower than the
dietary goals. Energy intake was 44–54 kJ/d lower on average
during the experimental than during the run-in period.
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TABLE 2
Composition of low-fat wood stanol ester–containing (WSEM), vegetable
oil stanol ester–containing (VOSEM), and control margarines1

WSEM VOSEM Control
Nutrients margarine margarine margarine

g

Fat 10.0 10.0 8.8
Total stanols 2.34 2.20 —
Total unsaturated sterols 0.10 0.15 0.05
Fatty acids

Polyunsaturated 2.05 2.13 2.10
trans Polyunsaturated 0.03 0.05 0.05
Monounsaturated 4.18 4.08 4.13
trans Monounsaturated 0 0 0.03
Saturated 1.10 1.13 2.03

1 Values are per 25 g spread.
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Serum lipids and lipoproteins
There were no significant differences between baseline (24 wk)

and 0-wk (at randomization) serum lipids and lipoproteins
among the 3 groups. During the run-in period, serum total or
lipoprotein lipid concentrations did not change significantly in
any of the 3 groups. No significant differences were found
between men and women and therefore the results are presented
for both sexes combined.

Serum total and LDL-cholesterol concentrations decreased
significantly within all study groups during the experimental
period. Most of the reduction in serum total and LDL-cholesterol
concentrations was achieved after 2 wk. The serum total choles-
terol concentration decreased by 18.3%, 15.7%, and 7.7% in the
WSEM, VOSEM, and control groups, respectively. The reduc-
tion was significantly greater in the WSEM (10.6%, P < 0.001)
and VOSEM (8.1%, P < 0.05) groups than in the control group,
but no significant differences were found between the 2 experi-
mental groups (Table 4). The serum LDL-cholesterol concentra-
tion decreased by 23.6%, 18.4%, and 9.9% in the WSEM,
VOSEM, and control groups, respectively. There were signifi-
cant differences only in the absolute (0.73 mmol/L, P < 0.01)
and percentage (13.7%, P < 0.01) reductions in LDL-cholesterol
concentrations between the WSEM and the control groups. The
difference in percentage reduction in LDL-cholesterol concen-
tration (8.6%) between the VOSEM and control groups was
almost significant after Bonferroni correction (P = 0.072). Fur-
thermore, there were no significant differences in absolute or
percentage changes between the WSEM and VOSEM groups.

Serum HDL-cholesterol concentrations did not change signi-
ficantly from baseline in any of the study groups, whereas VLDL
cholesterol decreased significantly at 8 wk only in the VOSEM
group (Table 4). However, there were no significant differences
in VLDL-cholesterol concentrations among the groups at the end
of the study. Serum VLDL triacylglycerols decreased signifi-
cantly from baseline only in the WSEM group (Table 4) and
serum HDL-triacylglycerol concentrations did not change signi-
ficantly in any of the groups (data not shown). LDL triacylglyc-
erols at 8 wk (0.30 ± 0.08 mmol/L) were significantly greater

than those at baseline (0.27 ± 0.06 mmol/L) in the control group.
There were no significant differences in total, VLDL, or LDL tri-
acylglycerols among the groups at the end of the study.

The decrease from baseline in apo B concentrations at 8 wk in
the WSEM (by 0.23 ± 0.16 g/L, 19.2%; P < 0.001), VOSEM (by
0.15 ± 0.14 g/L, 13.7%; P < 0.001), and control (by 0.06 ± 0.01 g/L,
5.2%; P < 0.05) groups was significant and paralleled the decrease
in LDL-cholesterol concentrations in all groups. Although HDL
cholesterol remained unchanged, apo A-I decreased significantly
from baseline in the WSEM (by 0.17 ± 0.17 g/L, 9.0%; P < 0.01),
VOSEM (by 0.15 ± 0.16 g/L, 8.6%; P < 0.01), and control (by
0.10 ± 0.16 g/L, 6.1%; P < 0.05) groups at 8 wk. Furthermore, the
ratio of apo A-I to apo B increased by 14.3% and 8.3% in the
WSEM and VOSEM groups, respectively, but the increase was
significant (P < 0.001) only in the WSEM group.

Serum b-carotene and fat-soluble vitamins

Serum retinol concentrations did not change significantly in
the 3 groups. The absolute concentration of serum b-carotene
and a-tocopherol concentrations decreased significantly in the
WSEM and VOSEM groups, but in the control group the change
in serum b-carotene and a-tocopherol concentrations was not
significant (Table 5). There was a significant difference in the
absolute change in serum b-carotene between the experimental
groups and the control group; however, the difference in the
absolute change in serum a-tocopherol was significant only
between the WSEM and control groups. However, there were no
significant changes in serum b-carotene or a-tocopherol concen-
trations among the groups when the values were related to the
serum total cholesterol concentration, ie, when vitamin concen-
trations were divided by serum total cholesterol concentrations.
In fact, the ratio of serum a-tocopherol to total cholesterol
increased significantly in all groups.

Serum 25-hydroxyergocalciferol (ercalcidiol) concentrations
did not change significantly, whereas the absolute concentration
of 25-hydroxycholecalciferol (calcidiol) increased significantly
in all groups, but the increase was significantly smaller in the
WSEM than in the VOSEM group (Table 5). However, there was
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TABLE 3
Actual composition of the diets during the study in the 3 study groups1

Run-in period Experimental period2

WSEM group VOSEM group Control group WSEM group VOSEM group Control group
Nutrients (n = 18) (n = 20) (n = 17) (n = 18) (n = 20) (n = 17)

Energy (MJ/d) 8.7 ± 2.0 8.4 ± 1.4 8.0 ± 1.9 7.8 ± 1.4 7.7 ± 1.5 7.1 ± 1.3
Fat (% of energy) 40.6 ± 3.6 39.9 ± 4.6 41.1 ± 3.0 26.4 ± 3.3 25.6 ± 3.9 26.5 ± 3.1
Saturated fatty acids (% of energy) 16.8 ± 1.8 16.9 ± 2.1 16.9 ± 1.5 7.0 ± 1.4 6.8 ± 1.7 7.3 ± 1.6
Monounsaturated fatty acids (% of energy) 14.6 ± 1.6 14.3 ± 2.1 15.0 ± 1.4 8.9 ± 1.5 8.1 ± 1.5 8.6 ± 1.4
Polyunsaturated fatty acid (% of energy) 6.4 ± 1.0 5.9 ± 0.8 6.3 ± 0.7 8.3 ± 0.7 8.3 ± 1.2 8.5 ± 1.2
Protein (% of energy) 16.7 ± 1.9 16.0 ± 1.5 17.0 ± 1.5 18.4 ± 1.6 18.1 ± 2.1 19.2 ± 2.1
Carbohydrate (% of energy) 40.1 ± 3.7 40.7 ± 5.0 39.2 ± 2.6 51.2 ± 4.1 51.8 ± 4.9 50.8 ± 4.8
Alcohol (% of energy) 1.4 ± 1.9 2.2 ± 3.2 1.4 ± 1.8 2.6 ± 3.4 3.1 ± 3.9 2.1 ± 2.3
Cholesterol (mg/MJ) 26 ± 7 34 ± 5 38 ± 7 21 ± 7 18 ± 5 19 ± 5
Fiber (g/MJ) 2.9 ± 0.7 2.9 ± 0.8 2.7 ± 0.5 3.7 ± 0.6 4.0 ± 1.1 4.0 ± 1.0
Vitamin A (mg RE/d) 1258 ± 983 1187 ± 635 1140 ± 548 880 ± 394 928 ± 260 972 ± 323
b-Carotene (mg/d) 3725 ± 3437 4142 ± 3320 3804 ± 1826 3259 ± 2201 3388 ± 1384 3056 ± 920
Vitamin E (mg/d) 11.7 ± 2.2 11.0 ± 2.1 11.2 ± 2.5 16.8 ± 3.0 16.7 ± 3.4 16.8 ± 4.1
Vitamin D (mg/d) 3.1 ± 2.5 3.0 ± 2.4 2.4 ± 1.5 4.9 ± 2.3 4.2 ± 2.0 4.1 ± 1.2

1 x– ± SD. There were no significant differences among groups. WSEM, wood stanol ester–containing margarine; VOSEM, vegetable oil stanol 
ester– containing margarine; RE, retinol equivalents.

2 Nutrient intakes are presented as the mean from the 3 food records.
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no significant difference in the percentage increase in calcidiol
concentrations among the study groups.

Plant sterols

Baseline concentrations of serum sitostanol and campestanol
did not change significantly over the 8-wk study period in the
WSEM, VOSEM, and control groups: sitostanol (from 4.6 ± 4.3
to 4.8 ± 7.4 mmol/L, 4.3 ± 5.5 to 3.8 ± 5.3 mmol/L, and 5.5 ± 5.3
to 3.8 ± 4.8 mmol/L, respectively); campestanol (from 3.5 ± 3.0
to 3.2 ± 3.2 mmol/L, 4.5 ± 7.4 to 2.7 ± 5.2 mmol/L, and 4.7 ± 7.9
to 5.7 ± 9.2 mmol/L, respectively). Serum campesterol concen-
trations did not change significantly in the control group but
decreased significantly from baseline (P < 0.001) in both exper-
imental groups: from 21.7 ± 6.5 to 14.2 ± 6.0 mmol/L (34.5%

change) in the WSEM group and from 27.2 ± 18.7 to 16.0 ± 9.5
mmol/L (41.3% change) in the VOSEM group. Furthermore,
serum campesterol concentrations were still significantly
decreased in both experimental groups after correction for the
reduction in serum cholesterol. In addition, serum sitosterol con-
centrations tended to decrease in both the experimental groups,
but not significantly so.

DISCUSSION

In the present study, the wood- and vegetable oil–based plant
stanol ester–containing margarines (WSEM and VOSEM groups,
respectively), as part of a low-fat diet, reduced more markedly
both serum total and LDL-cholesterol concentrations than did
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TABLE 4
Serum lipids in the 3 study groups during the experimental period1

WSEM group (n = 18) VOSEM group (n = 20) Control (n = 17)

Total cholesterol (mmol/L)2

0 wk 6.55 ± 0.783 6.13 ± 0.81 6.06 ± 0.54
4 wk 5.34 ± 0.74 5.38 ± 0.85 5.69 ± 0.56
8 wk 5.34 ± 0.764 5.15 ± 0.784 5.57 ± 0.495

P (MANOVA)6 <0.001 <0.001 <0.01
Change (from 0 to 8 wk)7 21.21 ± 0.618 20.98 ± 0.599 20.48 ± 0.49

LDL cholesterol (mmol/L)10

0 wk 4.54 ± 0.72 4.25 ± 0.85 4.27 ± 0.59
4 wk 3.50 ± 0.69 3.54 ± 0.69 3.89 ± 0.62
8 wk 3.48 ± 0.774 3.45 ± 0.764 3.82 ± 0.565

P (MANOVA)6 <0.001 <0.001 <0.01
Change (from 0 to 8 wk)7 21.06 ± 0.4511 20.80 ± 0.50 20.45 ± 0.59

HDL cholesterol (mmol/L)
0 wk 1.44 ± 0.38 1.41 ± 0.38 1.36 ± 0.26
4 wk 1.38 ± 0.30 1.32 ± 0.37 1.35 ± 0.27
8 wk 1.41 ± 0.33 1.36 ± 0.31 1.37 ± 0.26
P (MANOVA)6 NS NS NS
Change (from 0 to 8 wk) 20.03 ± 0.17 20.05 ± 0.18 0.01 ± 0.15

VLDL cholesterol (mmol/L)
0 wk 0.57 ± 0.35 0.47 ± 0.24 0.42 ± 0.27
4 wk 0.46 ± 0.22 0.51 ± 0.30 0.46 ± 0.26
8 wk 0.45 ± 0.34 0.34 ± 0.1812 0.38 ± 0.28
P (MANOVA)6 NS <0.01 NS
Change (from 0 to 8 wk) 20.13 ± 0.40 20.13 ± 0.21 20.04 ± 0.28

Total triacylglycerols (mmol/L)10

0 wk 1.45 ± 0.70 1.24 ± 0.50 1.25 ± 0.68
4 wk 1.16 ± 0.54 1.36 ± 0.61 1.19 ± 0.59
8 wk 1.26 ± 0.67 1.13 ± 0.45 1.33 ± 0.80
P (MANOVA)6 <0.05 NS NS
Change (from 0 to 8 wk) 20.20 ± 0.55 20.11 ± 0.41 0.08 ± 0.31

VLDL triacylglycerols (mmol/L)
0 wk 0.96 ± 0.62 0.76 ± 0.49 0.82 ± 0.63
4 wk 0.73 ± 0.52 0.88 ± 0.56 0.76 ± 0.55
8 wk 0.77 ± 0.6412 0.63 ± 0.37 0.85 ± 0.75
P (MANOVA)6 <0.05 NS NS
Change (from 0 to 8 wk) 20.19 ± 0.50 20.13 ± 0.38 0.03 ± 0.28

1 WSEM, wood stanol ester–containing margarine; VOSEM, vegetable oil stanol ester–containing margarine; MANOVA, repeated-measures multivari-
ate analysis of variance.

2,10 Significant group-by-time interaction (MANOVA): 2 P < 0.001, 10 P < 0.01.
3 x– ± SD.
4,5,12 Significantly different from 0 wk (paired t test): 4 P < 0.001, 5 P < 0.01, 12 P < 0.05.
6 Significant difference in overall within-group changes.
7 Significant difference among groups, P < 0.01 (ANOVA).
8,9,11 Significantly different from control group (Student’s t test and Bonferroni correction): 8 P < 0.001, 9 P < 0.05, 11 P < 0.01.
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the low-fat diet alone in subjects with elevated serum total cho-
lesterol concentrations. The cholesterol-lowering effects of the 2
plant stanol ester–containing margarine diets did not differ signi-
ficantly. These findings indicate that low-fat plant stanol
ester–containing margarines, when part of a low-fat diet (10),
can reduce serum cholesterol concentrations almost as much as
cholesterol-lowering drugs (19, 20).

There have been no studies of the effects on serum cholesterol
concentrations of plant stanols as part of a strictly and frequently
monitored low-fat, low-cholesterol diet. Moreover, earlier stud-
ies used full-fat margarines and mayonnaises (4–9), whereas the
present study used low-fat stanol ester–containing margarines
(40% of energy as fat, including 9% nonabsorbable stanols). In
contrast with Denke’s study (21), we found that stanol esters can
significantly lower serum cholesterol concentrations even in
those with a low cholesterol intake. Note that nonesterified
sitostanol suspended in safflower oil and packed into gelatin cap-
sules was used in Denke’s study.

The novel finding that plant stanols can reduce serum choles-
terol concentrations, even in conjunction with a markedly low
dietary cholesterol intake, indicates that plant stanols must

inhibit not only the absorption of dietary cholesterol but also that
of biliary cholesterol. This is supported by the findings of earlier
studies of plant stanol (2, 4, 7, 9), in which the fecal excretion of
neutral sterols increased despite a constant dietary cholesterol
intake. In addition, in the present study the serum campesterol
concentration, which is known to reflect intestinal cholesterol
absorption (22, 23), decreased significantly in both stanol ester
groups, which agrees with the findings of earlier studies (2, 4, 7,
22, 23). In some studies of plant stanol in diabetic subjects (4,
24), the biliary secretion of cholesterol, which normally ranges
from 600 to 1000 mg/d (25), was found to increase significantly
(11–16%) (4, 24). An average of 50% of the cholesterol that
enters the small intestine is reabsorbed (25). Cholesterol absorp-
tion was shown to decrease by 60% in diabetic patients with a
daily intake of 3 g sitostanol delivered as fatty acid esters (4, 24).

Sitostanol has been shown to be virtually unabsorbable
(26–28), but 12.5% of campestanol was found to be absorbed in
a study of intestinal perfusion in humans (29). However, the
results from the present study indicate that the absorption of
campestanol was also negligible when campestanol was fed as
part of a stanol blend containing substantial amounts of sitostanol
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TABLE 5
Serum b-carotene, retinol, a-tocopherol, calcidiol, and ercalcidiol concentrations and ratios of b-carotene to total cholesterol and of a-tocopherol to total
cholesterol in the 3 study groups during the experimental period1

WSEM group (n = 18) VOSEM group (n = 20) Control group (n = 17)

b-Carotene (mmol/L)2

0 wk 1.66 ± 1.10 1.47 ± 0.79 1.00 ± 0.37
8 wk 1.22 ± 0.973 1.07 ± 0.543 1.06 ± 0.42
Change (from 0 to 8 wk)4,5 20.44 ± 0.576 20.40 ± 0.547 0.05 ± 0.26

Retinol (mmol/L)
0 wk 2.50 ± 0.72 2.21 ± 0.81 2.30 ± 0.66
8 wk 2.36 ± 0.68 2.12 ± 0.82 2.21 ± 0.70
Change (from 0 to 8 wk) 20.14 ± 0.45 20.09 ± 0.40 20.09 ± 0.29

a-Tocopherol (mmol/L)2

0 wk 51.49 ± 8.17 45.10 ± 9.68 44.58 ± 9.86
8 wk 45.27 ± 6.978 41.51 ± 9.303 43.45 ± 9.46
Change (from 0 to 8 wk)4,9 26.22 ± 5.047 23.59 ± 4.29 21.13 ± 3.34

Calcidiol (nmol/L)10

0 wk 67.47 ± 23.73 62.48 ± 21.57 73.66 ± 44.26
8 wk 80.62 ± 22.9611 96.23 ± 33.688 103.19 ± 43.308

Change (from 0 to 8 wk)9 13.15 ± 22.7512 33.75 ± 25.72 29.53 ± 24.12
Ercalcidiol (nmol/L)

0 wk 38.14 ± 42.39 41.19 ± 28.99 63.44 ± 32.76
8 wk 49.06 ± 33.58 42.70 ± 34.65 72.00 ± 41.47
Change (from 0 to 8 wk) 10.92 ± 27.87 1.51 ± 22.42 8.56 ± 32.30

b-Carotene:total cholesterol
0 wk 0.27 ± 0.21 0.24 ± 0.13 0.17 ± 0.07
8 wk 0.24 ± 0.23 0.21 ± 0.10 0.19 ± 0.08
Change (from 0 to 8 wk) 20.03 ± 0.12 20.03 ± 0.08 0.02 ± 0.05

a-Tocopherol:total cholesterol
0 wk 7.86 ± 0.81 7.40 ± 1.41 7.38 ± 1.55
8 wk 8.50 ± 0.908 8.06 ± 1.358 7.80 ± 1.5811

Change (from 0 to 8 wk) 0.65 ± 0.50 0.66 ± 0.66 0.42 ± 0.75
1 x– ± SD. WSEM, wood stanol ester–containing margarine; VOSEM, vegetable oil stanol ester–containing margarine; MANOVA, multivariate analysis

of variance.
2,10 Significant group-by-time interaction (MANOVA): 2 P < 0.01, 10 P ≤ 0.05.
3,8,11 Significantly different from 0 wk (paired t test): 3 P < 0.01, 8 P < 0.001, 11 P < 0.05.
4 Initial concentrations were nearly significantly different by ANOVA (b-carotene, P = 0.063; a-tocopherol, P = 0.053) among the study groups; there-

fore, initial concentrations were taken into account in the between-groups comparisons by dividing the response variable by the initial value.
5,9 Significant difference among groups (ANOVA): 5 P < 0.01, 9 P < 0.05.
6,7 Change significantly different from change in control group (Student’s t test with Bonferroni correction): 6 P < 0.05, 7 P < 0.01.
12 Significantly different from VOSEM group, P < 0.05 (Student’s t test with Bonferroni correction).
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(65%). In the present study, the serum campesterol concentration
decreased significantly and campestanol decreased nonsignifi-
cantly in both stanol ester groups. Therefore, the vegetable
oil–based sterol blend can be used after saturation to stanol with-
out an increase in serum campestanol concentration. The absorp-
tion of campestanol might be possible when it is not ingested as
part of a blend containing competitive components like sitostanol.
When campestanol is used as part of the stanol blend that con-
tains substantial amounts of sitostanol, as was used in the present
study, campestanol seems not to be absorbed at all (30).

The 2 low-fat test margarines were intended to differ from
each other only with respect to the origin of the plant stanols,
with the VOSEM margarine containing more campestanol and
less sitostanol than the WSEM margarine. However, the actual
daily intake of total plant stanol was 6.5% higher in the WSEM
than in the VOSEM group. The cholesterol-lowering effect of
sitostanol is well documented in the literature, but the effects of
campestanol have not been studied, probably because of practi-
cal problems in obtaining pure campestanol in reasonable
amounts. However, it has been shown in rats (31) that the oleate
ester of campesterol can decrease the absorption of dietary cho-
lesterol with the same efficacy as free b-sitosterol, stigmasterol,
or the oleate ester of b-sitosterol. Furthermore, recent data from
free-living humans indicate that rapeseed oil–derived campes-
terol could reduce cholesterol absorption and thus reduce serum
cholesterol concentration (32). On the basis of these data,
campestanol can also be expected to reduce cholesterol absorp-
tion. Thus, the difference in stanol compositions is not likely to
have an effect on the present results.

On the basis of the food records during both study periods the
adherence to the diets was good. Actually, during the low-fat diet
the intakes of fat, saturated fatty acids, and dietary cholesterol
were even lower than the dietary goals. Note that the intake of
dietary cholesterol achieved the goal of the Step II diet of the
National Cholesterol Education Program (<200 mg/d) (10), and
the intake of saturated fatty acids was close to these goals (<7%
of energy) in all study groups. Despite the frequent monitoring,
there was a slight decrease in body weight in all study groups dur-
ing the experimental period. The decrease in weight was primar-
ily due to the lower intake of energy during the experimental than
during the run-in period. However, because the weight change
was marginal in all groups and because there were no significant
differences in weight change among the groups, the decrease in
weight cannot explain the findings of the present study.

Low-fat stanol ester–containing margarines appeared to have
little effect on serum concentrations of retinol and ercalcidiol.
The serum absolute concentration of b-carotene and a-toco-
pherol decreased significantly in both the stanol ester–containing
margarine groups, but this would be expected because b-
carotene and a-tocopherol are transported in serum in lipopro-
teins, whose concentrations decreased during the experimental
diet periods. When the serum b-carotene concentrations were
related to the serum total cholesterol concentrations, the
decrease was not significant in either of the low-fat stanol
ester–containing margarine groups. In addition, the decrease in
serum a-tocopherol concentration was ascribed to the changes in
serum cholesterol concentrations because the ratio of serum a-
tocopherol to total cholesterol actually increased significantly in
all of the test margarine groups. These findings agree with the
findings of Gylling et al (33). The increase in calcidiol concen-
trations was significantly smaller in the WSEM than in the

VOSEM group. However, there were no significant differences
among the groups in percentage changes in calcidiol or absolute
calcidiol concentrations at the end of the study.

In conclusion, both the low-fat WSEM and VOSEM mar-
garines when used as part of a low-fat, low-cholesterol diet are
effective in reducing serum cholesterol concentrations with
apparently equal efficacy in subjects with elevated serum cho-
lesterol concentrations. In addition, these margarines offer an
additional, clinically significant reduction in serum cholesterol
concentrations to that obtained with a low-fat diet alone. 

We thank ES Sarkkinen for reviewing the manuscript and laboratory
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assistance.

REFERENCES
1. Heinemann T, Kullak-Ublick G-A, Pietruck B, von Bergmann K.

Mechanisms of action of plant sterols on inhibition of cholesterol
absorption. Comparison of sitosterol and sitostanol. Eur J Clin Phar-
macol 1991;40(suppl):S59–63.

2. Becker M, Staab D, von Bergmann K. Treatment of severe familial
hypercholesterolemia in childhood with sitosterol and sitostanol. 
J Pediatr 1993;122:292–6.

3. Heinemann T, Leiss O, von Bergmann K. Effect of low-dose
sitostanol on serum cholesterol in patients with hypercholes-
terolemia. Atherosclerosis 1986;61:219–23.

4. Gylling H, Miettinen TA. Serum cholesterol and cholesterol and
lipoprotein metabolism in hypercholesterolaemic NIDDM patients
before and during sitostanol ester-margarine treatment. Diabetolo-
gia 1994;37:773–80.

5. Vanhanen HT, Kajander J, Lehtovirta H, Miettinen TA. Serum lev-
els, absorption efficiency, faecal elimination and synthesis of cho-
lesterol during increasing doses of dietary sitostanol esters in hyper-
cholesterolaemic subjects. Clin Sci 1994;87:61–7.

6. Gylling H, Siimes MA, Miettinen TA. Sitostanol ester margarine in
dietary treatment of children with familial hypercholesterolemia. 
J Lipid Res 1995;36:1807–12.

7. Miettinen TA, Puska P, Gylling H, Vanhanen H, Vartiainen E.
Reduction of serum cholesterol with sitostanol-ester margarine in a
mildly hypercholesterolemic population. N Engl J Med 1995;
333:1308–12.

8. Niinikoski H, Viikari J, Palmu T. Cholesterol-lowering effect and
sensory properties of sitostanol ester margarine in normocholes-
terolemic adults. Scand J Nutr 1997;41:9–12.

9. Gylling H, Radhakrishnan R, Miettinen TA. Reduction of serum
cholesterol in postmenopausal women with previous myocardial
infarction and cholesterol malabsorption induced by dietary
sitostanol ester margarine. Women and dietary sitostanol. Circula-
tion 1997;96:4226–31.

10. National Cholesterol Education Program. Second report of the
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (adult treatment panel II). Circulation
1994;89:1329–445.

11. Alpers DH, Clouse RE, Stenson WF. Protein and calorie require-
ments. In: Manual of nutritional therapeutics. Toronto: Little,
Brown and Company, 1986:131–59.

12. Haapa E, Toponen T, Pietinen P, Räsänen L. Annoskuvakirja. (Por-
tion size booklet.) Helsinki: Social Insurance Institution, 1985 (in
Finnish).

13. Rastas M, Seppänen R, Knuts L-R, Karvetti R-L, Varo P, eds. Nutri-
ent composition of foods. Helsinki: Publication of Social Insurance
Institution, 1993.

14. Penttilä IM, Voutilainen E, Laitinen O, Juutilainen P. Comparison of
different analytical and precipitation methods for the direct estima-
tion of high-density lipoprotein cholesterol. Scand J Clin Lab Invest
1981;41:353–60.

TWO LOW-FAT STANOL ESTER–CONTAINING MARGARINES 409

 by guest on M
ay 29, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/


15. Driskell WJ, Bashor MM, Neese JW. Beta-carotene determined in
serum by liquid chromatography with an internal standard. Clin Chem
1983;29:1042–4.

16. Parviainen MT. The fat-soluble vitamins A, D and E—their metabo-
lism, binding-proteins and determination from human serum. Acta
Univ Tamperensis 1983;159:49–54.

17. Salen G, Shore V, Tint GS, et al. Increased sitosterol absorption,
decreased removal, and expanded body pools compensate for reduced
cholesterol synthesis in sitosterolemia with xanthomatosis. J Lipid Res
1989;30:1319–30.

18. Norusis MJ. SPSS for Windows base system user’s guide, release 6.0.
Chicago: SPSS Inc, 1993.

19. Pyörälä K, De Backer G, Graham I, Poole-Wilson P, Wood D. Preven-
tion of coronary heart disease in clinical practice. Recommendations
of the Task Force of the European Society of Cardiology, European
Atherosclerosis Society and European Society of Hypertension. Eur
Heart J 1994;15:1300–31.

20. Watts GF, Burke V. Lipid-lowering trials in the primary and secondary
prevention of coronary heart disease: new evidence, implications and
outstanding issues. Curr Opin Lipidol 1996;7:341–55.

21. Denke MA. Lack of efficacy of low-dose sitostanol therapy as an
adjunct to a cholesterol-lowering diet in men with moderate hyperc-
holesterolemia. Am J Clin Nutr 1995;61:392–6.

22. Tilvis RS, Miettinen TA. Serum plant sterols and their relation to cho-
lesterol absorption. Am J Clin Nutr 1986;43:92–7.

23. Miettinen TA, Tilvis RS, Kesäniemi YA. Serum plant sterol and cho-
lesterol precursors reflect cholesterol absorption and synthesis in vol-
unteers of a randomly selected male population. Am J Epidemiol
1990;131:20–31.

24. Gylling H, Miettinen TA. Effect of inhibiting cholesterol absorption
and synthesis on cholesterol and lipoprotein metabolism in hypercho-

lesterolemic non-insulin-dependent diabetic men. J Lipid Res
1996;37:1776–85.

25. Grundy SM. Cholesterol and atherosclerosis: diagnosis and treatment.
New York: Gower Medical Publishing, 1990.

26. Hassan AS, Rampone AJ. Intestinal absorption and lymphatic trans-
port of cholesterol and b-sitostanol in the rat. J Lipid Res
1979;20:646–53.

27. Czubayko F, Beumers B, Lammsfuss S, Lütjohann D, von Bergmann
K. A simplified micro-method for quantification of fecal excretion of
neutral and acidic sterols for outpatient studies in humans. J Lipid Res
1991;32:1861–7.

28. Lütjohann D, Meese CO, Crouse JR, von Bergmann K. Evaluation of
deuterated cholesterol and deuterated sitostanol for measurement of
cholesterol absorption in human. J Lipid Res 1993;34:1039–46.

29. Heinemann T, Axtmann G, von Bergmann K. Comparison of intestinal
absorption of cholesterol with different plant sterols in man. Eur J Clin
Invest 1993;23:827–31.

30. Vanhanen HT, Miettinen TA. Effects of unsaturated and saturated
dietary plant sterols on their serum contents. Clin Chim Acta
1992;205:97–107.

31. Mattson FH, Volpenhein RA, Erickson BA. Effect of plant sterol esters
on the absorption of dietary cholesterol. J Nutr 1977; 107:1139–46.

32. Sarkkinen ES, Uusitupa MIJ, Gylling H, Miettinen TA. Fat-modified
diets influence serum concentrations of cholesterol precursors and
plant sterols in hypercholesterolemic subjects. Metabolism
1998;47:744–50.

33. Gylling HK, Puska P, Vartiainen E, Miettinen TA. Serum retinol,
a-tocopherol, carotenes and lipid peroxide production during serum
cholesterol lowering by sitostanol ester margarine in a mildly hyperc-
holesterolemic population. Circulation 1996;94(suppl 1):578 (abstr).

410 HALLIKAINEN AND UUSITUPA

 by guest on M
ay 29, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/

