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Clinical safety of consuming plant stanol ester spreads during pregnancy and lactation, the impact on maternal and infant serum and breast-milk

cholesterol and the ratios (mmol/mmol of cholesterol) of synthesis and absorption markers were evaluated. Pregnant women (n 21) were randomi-

sed to control and dietary intervention groups, the intervention including advice to follow a balanced diet and to consume spreads enriched with

plant stanol esters. Participants were followed during and after pregnancy and their infants up to 1 year of age. A mean 1·1 (SD 0·4) g consumption

of plant stanols during pregnancy and 1·4 (SD 0·9) g 1 month post-partum increased sitostanol and the markers for cholesterol synthesis, lathosterol,

lathosterol/campesterol and lathosterol/sitosterol, and reduced a marker for cholesterol absorption, campesterol, in maternal serum. In breast milk,

desmosterol was lower in the intervention group, while no differences were detected between the groups in infants’ serum. Plant stanol ester spread

consumption had no impact on the length of gestation, infants’ growth or serum b-carotene concentration at 1 and 6 months of age, but the choles-

terol-adjusted serum b-carotene concentration was lowered at 1 month in the intervention group. Plant stanol ester spread consumption appeared

safe in the clinical setting, except for potential lowering of infants’ serum b-carotene concentration, and was reflected in the markers of cholesterol

synthesis and absorption in mothers’ serum, encouraging further studies in larger settings.

Plant stanol esters: Pregnancy: Breast milk

Prevention is better than cure, particularly in CVD, which rep-
resents globally a leading public-health problem. These diseases
are growing in magnitude and manifesting themselves at an ever
earlier age. A central underlying dietary determinant is the
intake of cholesterol and SFA(1,2). The association between
hypercholesterolaemia in women during pregnancy and the
early onset of atherosclerotic lesions in their children(3) under-
scores the need for early preventive measures. Furthermore,
hypercholesterolaemia has been associated with pregnancy-
induced hypertension(4), thus compromising maternal health.

Total serum cholesterol rises up to 60 % and the TAG con-
centration up to 150 % with progressing pregnancy(5 – 7). This
is explained by hormonal changes as the concentrations of
oestrogen and insulin increase(8) and the enzymal activity of
lipid-regulating lipoprotein lipase decreases(9), securing a con-
stant intake of energy for the fetus(10). However, the rise in
cholesterol concentration is not determined solely by hormo-
nal changes but may also be regulated by diet(11). In view of
the potentially unfavourable health effects on both mothers
and infants, an excessive rise in blood cholesterol may not
be considered desirable. At particular risk are the mothers

with elevated blood cholesterol, including those with familial
hypercholesterolaemia, the condition of which is untreated
during pregnancy.

Food products enriched with plant sterol and stanol esters
limit the absorption of both dietary and endogenous choles-
terol and have been shown to lower serum total and LDL-
cholesterol concentrations on an average by 10 %, with no
effect on the HDL- cholesterol concentration(12). Consumption
of plant stanols as components of a balanced diet is considered
safe in non-pregnant adults, since together with their natural
daily dietary intake of approximately 15 mg/8400 kJ/d in
omnivores(13), their absorption from the gastrointestinal tract
is minuscule(12) and any possible concern over the absorption
of fat-soluble vitamins may be overcome by sufficient dietary
intake(14). However, based on the lack of research in the popu-
lations concerned, the consumption of plant stanols during
pregnancy or before 5 years of age is considered improper.

The aim of the present pilot study is to evaluate the clinical
safety of plant stanol ester spread consumption during preg-
nancy and breast-feeding, and the impact of intervention on
serum and breast-milk lipid and sterol concentrations.
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Methods

Subjects and study design

Women were recruited to a maternal and infant nutrition study
during the first trimester of pregnancy, initiated in 2002.
Women in maternal welfare clinics in the city of Turku and
neighbouring areas in South-West Finland were informed
about the study by leaflets. Interested recipients contacted
the research nurse, who gave further information on the
study and scheduled their first visit to the study clinic in
Turku University Central Hospital. Women were eligible for
participation if they were at less than 17 weeks’ gestation
and had no metabolic or chronic diseases such as diabetes.
At the first study visit, the baseline, they were randomised
into control and dietary intervention groups. The intervention
comprised counselling to follow a balanced diet recommended
for pregnant women and provision of food products to support
the achievement of the recommendations, whereas the
women in the control group received no counselling or food
products. In a sample of women (n 21) and their infants, the
present study evaluated the clinical safety of dietary interven-
tion including consumption of plant stanol ester spreads
and its impact on serum and breast-milk lipid and sterol
concentrations.

The women from the intervention group (n 11) were
included in the order of enrolment on the basis of the use of
plant stanol ester spreads reported in their food diaries col-
lected after initiation of the intervention. For each participant
in the intervention group, a consecutive participant in the
order of enrolment from the control group (n 10) was included
in the analysis. The women were followed during each trime-
ster of pregnancy and with the baby at 1, 6 and 12 months
after delivery. The follow-up visits included measurements
of heights and weights, while pre-pregnancy weight was
self-reported. The women in both the intervention and control
groups were of the same age (30·3 (SD 4·3) and 31·2 (SD 5·7)
years in the intervention and control groups, respectively).

The weights and heights of the infants were measured, stan-
dardised for age and sex and thus expressed as height standard
deviation (SD) scores and weight proportional for height
(weight for height, %)(15), and their cognitive development
was evaluated at 12 months of age using the Griffiths develop-
mental scale(16). Hospital records were examined for birth data
and the duration of breast-feeding was recorded.

Fasting blood samples from women in the first (13·5
(SD 1·8) and 13·9 (SD 2·0) weeks of gestation in the interven-
tion and control groups, respectively, P¼0·618) and third
(33·8 (SD 1·7) and 34·3 (SD 1·3) weeks of gestation in the
intervention and control groups, respectively, P¼0·418) tri-
mesters of pregnancy and 1 month post-partum and non-fast-
ing blood samples from their infants at 1 and 6 months of
age were drawn from the antecubital vein by a laboratory
technician. Breast-milk collection was standardised for all
mothers. At the beginning of the day, the infants were
allowed to suckle for a few minutes and the mothers then
obtained a milk sample by manual expression, after which
feeding continued. All samples were frozen and stored at
2708C until analysis.

Written informed consent was obtained from the partici-
pants and the study was approved by the Ethical Committee
of the Hospital District of southwest Finland.

Dietary intervention and assessment

Dietary counselling for the women in the intervention group
aimed to modify the dietary intake to comply with the cur-
rently recommended one(17,18). Practical dietary advice was
given, adjusted to the womens’ current dietary habits and
food diary analysis. The subjects were encouraged to increase
their consumption of vegetables, fruits, wholegrain breads and
cereals, to consume leaner meat products, low-fat cheese and
milk products, and to use vegetable oil or soft margarine as
spread and in food preparation. The advised diet would
result in 55–60 % of carbohydrates, 10–15 % of protein and
30 % of total fat of energy intake, MUFA contributing
10–15 %, PUFA 5–10 % and SFA 10 % or less of energy
intake. Achievement of the recommended diet was supported
by providing the participants in the dietary intervention
group with food products available in the market with a
favourable fat composition (e.g. plant stanol ester spreads,
low-erucic acid rapeseed oil-based spreads and salad dressing)
to be consumed at home. The products were provided until
mothers discontinued exclusive breast-feeding. The women
were given a recommendation on the amounts of the products
to be used daily, providing 1·8 g per day of plant stanols from
plant stanol ester spreads (Benecolw). The consumption of
plant stanol ester spreads (Benecolw margarine and soft
cheese) was recorded in 3-d food diaries including one week-
end day, using household measures from which the intake of
plant stanols (g) was calculated. The intake of stanols
was 1·1 (SD 0·4) g in the third trimester of pregnancy and
1·4 (SD 0·9) g 1 month post-partum in women in the interven-
tion group. None of the women consumed plant stanol ester
products at the baseline, the first trimester of pregnancy.
According to the calculations of daily intakes of energy and
nutrients using the Micro-Nutricaw computerised program (ver-
sion 2.5, Research Centre of the Social Insurance Institution,
Turku, Finland), the dietary counselling resulted in changes in
dietary intake attributable to a higher intake of unsaturated
and a lower intake of SFA in the dietary counselling group,
reported in detail elsewhere(19). In the twenty-one women of
the present study, no differences in the intakes of energy,
energy-yielding nutrients, cholesterol, dietary fibre and fat-sol-
uble vitamins between the intervention and control groups were
detected (data not shown), except that the intake of vitamin E
was 2·0 (95 % CI 0·1, 3·8) mg higher in the intervention group
compared with the control group during the follow-up.

Serum and breast-milk analysis

Serum and breast-milk sterols and squalene were analysed by
GLC(20). Total cholesterol, squalene and non-cholesterol ster-
ols were measured from the non-saponifiable material of
serum by GLC using a 50 m long capillary column (Ultra-2,
Agilent Technologies, Wilmington, DE, USA). The procedure
used 5a-cholestane as the internal standard and measured the
concentrations of cholesterol, squalene, cholestenol, desmos-
terol, lathosterol (sterols reflecting cholesterol synthesis)(21),
cholestanol, campesterol, sitosterol, avenasterol (sterols
reflecting cholesterol absorption) and sitostanol(21). The confi-
dence limit for variability percentage (n 20–29) was for
cholesterol 3·9 %, cholestanol 4·4 %, desmosterol 7·1 %,
lathosterol 5·0 %, campesterol 4·9 % and sitosterol 3·0 %.
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Since the synthesis and absorption sterol ratios to cholesterol
reflect the absolute whole-body synthesis and absorption
percentage of cholesterol better than the concentrations(21),
all values were related to cholesterol obtained from the same
GLC run, and the term ratio refers to the cholesterol-standar-
dised values. To avoid extra decimals due to low concentra-
tions of the non-cholesterol sterols, the ratios are multiplied
by 100 (102mmol/mmol of cholesterol). Proportions of lathos-
terol/campesterol and lathosterol/sitosterol were also used as
synthesis markers.

Total cholesterol, HDL and TAG in plasma were measured by
an enzymatic method utilising cholesterol esterase, polyethy-
lene glycol-modified cholesterol esterase and cholesterol oxi-
dase, and TAG esterase and glycerol kinase, respectively, by a
Modular P800 automatic analyser (Roche Diagnostics GmbH,
Mannhein, Germany). The Friedewald formula(22) was used in
calculating the estimated concentration of LDL in plasma.

Carotenoids from infants’ serum were analysed after depro-
teinisation with ethanol and extractions with hexane(23). The
supernatants were combined and evaporated to dryness and
the residue dissolved in the mobile phase containing aceto-
nitrile–methylene chloride–methanol (70:20:10, by volume).
Separation of carotenoids was performed on a Nova-Pak
C18 column (Waters, Dublin, Ireland), with a detection wave-
length of 436 nm and a flow rate of 1 ml/min. b-Carotene
was quantified using ethyl b-apo-80-carotenoate as the internal
standard. A stock solution of b-carotene was made by dissol-
ving crystals in hexane and diluting in ethanol, the concen-
tration of which was confirmed spectrophotometrically.

Statistical analysis

Values are reported as means and SD. The differences between
the intervention and control groups were evaluated by the

independent samples t test for continuous variables, with the
exception that the longitudinal analyses for mothers over preg-
nancy and breast-feeding and for infants’ growth were made
by repeated-measures ANOVA, where the baseline measure-
ment was included as a covariate (analysis of covariance).
When significant group differences were detected, the mean
difference between the two groups with 95 % CI over the
follow-up period is presented. Posterior power analysis was
conducted to evaluate the probability of the pilot study to
find the observed difference in mothers’ total cholesterol
between groups statistically significant with a 0·05 two-sided
significance level, and, subsequently, the required sample
size was calculated to find the observed difference statistically
significant for the purpose of both confirmatory and explora-
tory studies to be conducted in future. Significant correlations
were analysed by Pearsons’ correlation coefficient (r).
All statistical analyses were performed on SPSS for Windows
(version 13.0, SPSS Inc., Chicago, IL, USA).

Results

Maternal serum lipids and sterols

Of the sterols adjusted for cholesterol concentrations (102mmol/
mmol cholesterol; Table 1), the lathosterol ratio was 36·2
(SD 9·5–62·9) and that of sitostanol 2·6 (SD 1·1–4·1) higher
over the follow-up, while the campesterol ratio was 49·8
(SD 8·7–90·9) lower over the follow-up in the serum of
women in the intervention group compared with the controls.
The proportions of lathosterol/campesterol and lathosterol/sitos-
terol were 0·3 (SD 0·1–0·6) and 0·7 (SD 0·2–1·1) higher over the
follow-up in the intervention group compared with the controls.

The desmosterol ratio increased over the pregnancy and
continued to increase 1 month post-partum in both groups,

Table 1. Maternal serum lipids (mmol/l) and squalene and non-cholesterol sterols (102mmol/mmol cholesterol) in the intervention (n 11) and control
(n 10) groups

(Mean values and standard deviations)

First trimester Third trimester 1 month post-partum

Intervention Control Intervention Control Intervention Control

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD P value*

Total cholesterol 4·8 0·7 4·8 0·7 7·0 0·8 6·6 1·1 4·9 0·9 5·4 0·8 0·778
LDL- cholesterol† 2·4 0·6 2·4 0·7 3·7 1·0 3·7 0·7 2·9 0·7 3·3 0·8 0·612
HDL- cholesterol 2·0 0·3 1·9 0·4 2·1 0·3 1·9 0·3 1·8 0·3 1·8 0·4 0·660
TAG† 1·0 0·3 1·1 0·4 2·2 0·8 2·3 0·7 0·8 0·3 0·8 0·5 0·914
Estimates of cholesterol synthesis

Squalene 14·9 2·1 14·2 4·7 11·4 3·1 14·1 7·0 15·1 5·4 13·7 4·2 0·668
Cholestenol 15·7 4·0 21·3 6·8 17·5 2·9 17·4 4·4 17·1 5·6 16·6 5·3 0·451
Desmosterol† 83·6 47·4 69·6 14·8 107·2 13·4 96·2 22·3 157·0 37·4 180·6 59·6 0·490
Lathosterol 117·8 36·6 148·3 37·9 148·3 48·9 137·7 33·7 126·4 47·9 114·4 34·9 0·011

Estimates of cholesterol absorption
Cholestanol 183·8 31·5 159·6 26·7 308·0 77·7 294·9 48·1 206·4 39·4 179·3 34·6 0·491
Campesterol 307·7 63·6 257·7 95·7 221·4 58·4 238·7 85·0 240·5 63·8 255·0 89·2 0·020
Sitosterol 141·4 36·2 120·8 38·0 111·0 32·3 115·1 33·3 116·2 36·3 128·3 39·9 0·070
Avenasterol 38·6 8·7 34·9 8·3 35·1 9·0 33·5 4·9 39·4 7·2 36·9 5·5 0·567
Sitostanol 9·4 3·3 8·9 1·4 11·4 2·2 8·9 1·9 12·2 3·8 9·2 1·9 0·002
Lathosterol/campesterol 0·4 0·1 0·7 0·4 0·7 0·4 0·7 0·5 0·6 0·3 0·5 0·3 0·013
Lathosterol/sitosterol 0·9 0·3 1·4 0·7 1·5 0·7 1·4 0·9 1·2 0·6 1·0 0·5 0·006

ANCOVA, analysis of covariance.
* ANCOVA group effect.
† ANCOVA time effect (P,0·05).
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the overall increase being 89·7 (SD 61·8–117·5) 102mmol/
mmol cholesterol. LDL- cholesterol and TAG increased by
1·3 (SD 0·9–1·8) mmol/l and 1·2 (SD 0·9–1·5) mmol/l, respect-
ively, by the third trimester of pregnancy, after which their
concentrations decreased by 0·7 (SD 0·3–1·1) mmol/l and 1·5
(SD 1·2–1·7) mmol/l, respectively, by 1 month post-partum
in both groups. Mothers’ serum total, LDL- or HDL- choles-
terol or TAG did not differ between the intervention and con-
trol groups over the follow-up from the first trimester of
pregnancy to 1 month post-partum (Table 1).

The analysis showed a non-significant treatment difference
(intervention v. control) in the total cholesterol of 0·38 (20·47
to 1·11) mmol/l by the third trimester of pregnancy and 20·47
(21·17 to 0·24) mmol/l by 1 month post-partum, providing 14
and 26 % power, respectively, to detect the observed differ-
ence statistically significant. To find the observed differences
statistically significant in future studies, the required sample
size is 121 in each group during pregnancy and fifty-six in
each group after pregnancy.

Assessing the safety of maternal dietary intervention for the
course of pregnancy and the infant

Clinical characteristics. The pregnancies were uncompli-
cated and there were no differences in gestational weight
gain between the intervention (15·7 (SD 4·1) kg) and control
(15·7 (SD 6·8) kg) groups (P¼0·991). Equally, all infants
were born full term (40·3 (SD 1·1) and 40·3 (SD 1·3) weeks
of gestation in the intervention and control groups, respect-
ively, P¼0·974). The infants were exclusively breast-fed for
11 (SD 8) weeks (range 0–23 weeks) in the intervention
group and for 16 (SD 2) weeks (range 13–20 weeks) in the
control group (P¼0·08). Intervention had no influence on
the infants’ growth from birth up to the age of 12 months
(Table 2). The mean height SD scores and weights proportional
to heights were also within the population reference range in
both groups(15). Infants’ cognitive development assessed on
the Griffiths scale was equal in both groups at 12 months of

age (164 (SD 9) in the intervention group, n 11, and 162
(SD 6) in the control group, n 8; P¼0·701).

Breast-milk and infants’ serum lipids and sterols. In
breast milk, no significant differences were observed in total
cholesterol, but the desmosterol ratio was lower and the cam-
pesterol ratio tended to be lower in the intervention group
compared with the controls (Table 3). No significant differ-
ences according to mothers’ group were detected in lipids or
sterols in infants’ serum either at 1 or 6 month of age
(Table 4). For evaluation of associations between estimates
for mothers and infants, the intervention and control groups
were combined. Mothers’ serum cholestenol, desmosterol,
lathosterol, campesterol and sitosterol were associated with
those of breast milk but not with the infants’ serum
(Table 5). Likewise, no association was observed between
breast-milk and infants’ serum sterols.

Infants’ serum b-carotene. No significant differences in
mean b-carotene in infants’ serum at 1 month 144·6 (SD

121·8) v. 227·8 (SD 103·4) nmol/l, P¼0·117) and 6 months
(1663·3 (SD 1359·6) v. 2465 (SD 1975·0) nmol/l, P¼0·335)
of age were detected between the intervention and control
groups. When the results were adjusted for cholesterol, the
serum b-carotene in infant serum was lower in the interven-
tion group at 1 month of age compared with the controls
(29·1 (SD 18·6) v. 59·3 (SD 22·4) nmol/mmol cholesterol,
P¼0·006), while no significant difference was detected
between the groups at 6 months of age (460·5 (SD 371·9) v.
598·3 (SD 400·0), nmol/mmol cholesterol, P¼0·477; Fig. 1).

Discussion

The present study is the first to evaluate the impact of plant
stanol ester spread consumption on both mothers and infants
during pregnancy and breast-feeding. The consumption of
plant stanols was reflected in the markers of cholesterol syn-
thesis and absorption in the mothers’ serum. Importantly, no
adverse effects on either the mother or the infant were
detected, as indicated by length of gestation, birth weight
and growth in infancy, with the exception of lower choles-
terol-adjusted b-carotene concentrations at the age of 1 month
in infants, whose mothers had consumed plant stanols. The
results offer a novel and possibly safe tool for controlling

Table 3. Breast-milk total cholesterol (mmol/l) and squalene and non-
cholesterol sterols (102mmol/mmol cholesterol) from mothers 1 month
post-partum in the intervention (n 11) and the control groups (n 10)(1)

(Mean values and standard deviations)

Intervention Control

Mean SD Mean SD P value*

Total cholesterol 0·4 0·1 0·4 0·1 0·365
Squalene 2499·9 891·7 2918·1 924·9 0·305
Cholestenol 43·1 10·3 50·1 10·2 0·133
Desmosterol 10 703·7 3661·3 13 821·9 2607·9 0·038
Lathosterol 255·7 93·1 283·7 97·6 0·509
Cholestanol 340·3 53·0 329·5 25·5 0·554
Campesterol 308·5 74·2 371·8 68·2 0·056
Sitosterol 95·7 33·2 116·1 37·8 0·203
Avenasterol 252·6 81·5 300·2 37·5 0·107
Sitostanol 79·8 16·8 83·5 23·7 0·683

* Independent samples t test.

Table 2. Growth of infants from birth to 12 months of age according to
mother’s dietary intervention or control group

(Mean values and standard deviations)

Intervention*
(n 11)

Control
(n 10)

Mean SD Mean SD

At birth
Height (SD scores) 0·2 0·8 0·6 1·1
Weight (% for height) 25·9 7·5 0·1 14·5

At 1 month of age
Height (SD scores) 0·5 0·6 0·9 0·8
Weight (% for height) 1·3 9·2 2·3 8·8

At 6 month of age†
Height (SD scores) 0·2 0·7 0·1 0·6
Weight (% for height) 23·9 7·8 2·8 10·9

At 12 month of age†
Height (SD scores) 0·3 0·7 0·1 0·7
Weight (% for height) 24·4 9·0 0·1 10·5

* Group effect for growth NS by ANOVA.
† The number of subjects in the control group is nine due to discontinuation by one

subject.
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blood lipids in hypercholesterolaemic women during
pregnancy, with a potential to benefit not only the mother
but also the child(3,4), and provide power analyses for future
confirmatory and exploratory studies. As plant stanol ester
spreads are not currently recommended during pregnancy,
further research on their merits and risks including their
lipid-lowering effects in cases of hypercholesterolaemia in
pregnancy is to be encouraged.

In the present study, the consumption of plant stanol ester
spreads was reflected in mothers’ serum non-cholesterol ster-
ols in such a way that markers for cholesterol synthesis, the
ratio of lathosterol to cholesterol and the ratios of lathosterol
to campesterol and lathosterol to sitosterol were increased
and the marker for cholesterol absorption, campesterol, was
reduced. The serum sitostanol ratio was increased due to the
consumption of stanol ester margarine, but the levels remained
low. However, no impact on serum lipoproteins was detected.
This is unlikely to be due to the small dose of plant stanols

consumed by the subjects, bearing in mind that the appropriate
dose for lipid lowering in pregnancy has not been studied, as a
similar dose has previously been shown to reduce blood
cholesterol concentrations significantly(24,25) and customary
use of low doses has been shown to stabilise cholesterol
levels(26). Another possible mechanism might be that by
reason of cholesterol homeostasis, when cholesterol absorp-
tion is inhibited, cholesterol synthesis was up-regulated, thus
interfering with the serum cholesterol lowering. An alternative
and very likely explanation may be that the physiological
adaptations occurring during pregnancy obscure the impact
of changes in dietary composition, including the consumption
of stanols at this level. Moreover, the small population studied
in the present pilot study resulted in insufficient power to show
differences between the groups in cholesterol and lipoproteins,
the baseline levels of which were low. Indeed, a recent study
has shown that baseline serum lipoprotein concentrations are
related to plant stanol-induced changes, with higher baseline

Table 4. Infants’ serum lipids (mmol/l) and squalene and non-cholesterol sterols (102mmol/mmol cholesterol) at 1 and
6 months of age in the intervention (n 10) and the control groups (n 10)

(Mean values and standard deviations)

1 month 6 months

Intervention* Control Intervention* Control†

Mean SD Mean SD Mean SD Mean SD

Total cholesterol(3) 3·7 0·5 3·6 0·6 3·6 0·9 3·8 0·5
HDL- cholesterol(3) 1·4 0·4 1·4 0·4 1·2 0·3 1·2 0·3
Estimates of cholesterol synthesis

Squalene 36·5 11·5 32·4 10·5 27·2 13·0 21·6 5·1
Cholestenol 26·7 21·3 29·3 29·3 21·6 6·7 19·6 4·1
Desmosterol 242·1 31·5 269·0 42·8 145·4 38·8 161·3 29·3
Lathosterol 85·4 22·7 84·5 12·3 104·6 34·3 99·0 24·3

Estimates of cholesterol absorption
Cholestanol 190·8 22·2 205·9 32·4 160·5 19·9 166·6 16·4
Campesterol 69·4 34·8 44·9 19·3 145·3 89·3 88·9 55·2
Sitosterol 30·2 20·8 15·5 7·7 95·8 59·3 65·1 37·3
Avenasterol 18·0 3·8 15·4 3·9 41·9 17·1 33·6 12·9
Sitostanol 8·1 3·5 7·7 3·1 11·7 3·1 10·7 1·9
Lathosterol/campesterol 1·5 0·8 2·1 0·6 1·3 1·5 1·4 0·7
Lathosterol/sitosterol 4·6 3·9 6·5 2·6 2·5 3·4 1·9 0·9

* All differences between groups at 1 and 6 months of age NS, independent samples t test.
† The number of subjects are seven to nine due to insufficient sample for analysis or discontinuation.

Table 5. Correlations between total cholesterol and squalene and non-cholesterol sterols in mothers’ and infants’ serum
and breast milk*

Mothers’ serum with
infants’ serum

Mothers’ serum with
breast milk

Breast milk with infants’
serum

R (n 19) P value R (n 20) P value R (n 20) P value

Total cholesterol 20·124 0·612 0·179 0·449 0·234 0·321
Squalene 0·335 0·161 0·082 0·730 0·017 0·943
Cholestenol 20·101 0·680 0·528 0·017 20·048 0·842
Desmosterol 0·416 0·076 0·623 0·003 0·306 0·189
Lathosterol 20·051 0·836 0·593 0·006 20·082 0·730
Cholestanol 20·321 0·180 0·329 0·157 0·079 0·739
Campesterol 0·307 0·201 0·759 ,0·001 0·283 0·226
Sitosterol 0·283 0·241 0·552 0·012 0·216 0·361
Avenasterol 0·416 0·077 20·062 0·795 20·404 0·077
Sitostanol 20·093 0·706 0·086 0·719 0·072 0·763

* All analyses were completed at the infants’ age of 1 month.
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levels resulting in larger decreases(27). Importantly, indicated
by the present results, the means for interfering with blood
lipid levels during pregnancy are limited, but the case was
different already 1 month after delivery. The intervention
resulted in a lower blood cholesterol by an average of
0·47 mmol/l with 26 % power to detect the difference statisti-
cally significant. The study also provided a base for feasible
further studies, with fifty-six subjects per group being suffi-
cient to detect the observed difference statistically significant.
Undeniably, with anticipated beneficial effects for both the
mother and the child of the regulation of blood lipids(3,4),
further studies applying the calculated sample size may clarify
the issues of appropriate dose and duration of consuming plant
stanols with most likely beneficial effects seen in mothers
manifesting with hypercholesterolaemia before pregnancy or
excessive rise in blood cholesterol during pregnancy.

Concerns may be raised over perturbation of cholesterol
metabolism during pregnancy and lactation by stanol consump-
tion with risks understandably envisaged for both mothers and
infants: the rise in maternal serum cholesterol concentration
during pregnancy is considered physiological(10); cholesterol
is essential for fetal development(28) and is secreted in breast
milk(29); finally, the absorption of fat-soluble vitamins may
be disturbed(25,30 – 32). Thus, plant stanol ester products are
not currently recommended during pregnancy or lactation.
The present data, however, do not support these conceptions
as, firstly, a rise in blood lipoproteins and TAG in late preg-
nancy was observed, as indeed previously reported(5 – 7),
regardless of plant stanol ester consumption. Although the
rise appears to be associated with physiological hormonal
changes in pregnancy(10), there is evidence suggesting that
this increase in blood lipids may be related to complications
during pregnancy(4) and the development of cardiovascular
lesions in child(3). Thus, to prevent these undesirable
outcomes, further research with plant stanols is necessitated.
Secondly, although cholesterol is known to be essential for
the developing fetus, experimental studies showing that pre-
vention of cholesterol synthesis in pregnant rats results in
anomalies in the offspring(28), there is no evidence that hinder-
ing cholesterol absorption within the gastrointestinal tract by
plant stanol consumption would hamper hepatic cholesterol
synthesis. Instead, normal pregnancy and lactation are associ-
ated with increased cholesterol synthesis(33), an observation

also supported by those in the present study, since the ratio
of lathosterol increased during pregnancy and lactation regard-
less of whether stanol ester spreads were consumed or not.
However, desmosterol in breast milk was lower in the women
from the intervention group, possibly suggesting a lower rate
of breast cholesterol synthesis in mothers consuming plant
stanols, but the significance of this remains unclear as no
other differences were detected in breast-milk sterols or
cholesterol in mothers consuming stanols or not, nor differ-
ences in infants’ serum cholesterol or growth and develop-
ment. No disturbance to the infants’ cholesterol metabolism
by maternal intervention was detected. Furthermore, although
mothers’ serum and breast-milk sterols were associated, no
relations between mothers’ serum or breast-milk and infants’
serum cholesterol or sterols emerged, suggesting that the
breast-fed infants’ cholesterol synthesis and absorption are
relatively independent of those in the mother. Consumption
of plant stanols fairly consistently increases their serum
levels(21). Despite the fact that no changes were seen in
mothers’ serum or milk, or infants’ serum, an accumulation
of plant stanols in the tissues is not excluded. However,
additional support for the safety of consuming plant stanols
during pregnancy and lactation is derived from the clinical
data. Maternal plant stanol consumption had no impact on
either the length of gestation or the infants’ growth over the
first year, nor was there any difference between groups in
infants’ cognitive development at 12 months of age, and all
scores were considered normal(16). This safety aspect is further
emphasised by the results showing an association of high-
cholesterol levels in early pregnancy with an increased risk
of preterm birth(34). Unfavourable levels of lipoproteins have
also been associated with large birth weight, another disadvan-
tageous outcome of pregnancy(35).

Finally, we evaluated the impact of intervention on the
infants’ serum b-carotene concentration, as plant stanol con-
sumption has previously been related to their reduced
levels(25,30 – 32), although results to the contrary have been
obtained(36). We observed no differences in absolute serum
b-carotene concentrations at the infants’ age of 1 and
6 months, but cholesterol-adjusted serum b-carotene at
1 month of age was lower in the intervention group. As the
difference was observed only when adjusted for cholesterol,
it may indicate that intervention infants had elevated choles-
terol synthesis, although the markers for cholesterol synthesis
or absorption in infant serum did not differ significantly
between the groups. Notably, the serum b-carotene concen-
trations were low at 1 month of age and were raised at
6 months in all children regardless of maternal stanol con-
sumption, this probably reflecting the intake of b-carotene
from complementary foods. The significance of the infants’
reduced b-carotene concentration remains to be elucidated,
taking into consideration that low levels of b-carotene have
also previously been measured in infants with no dietary inter-
vention(37). The results of the present pilot study showing the
impact of plant stanol ester spread consumption on markers of
cholesterol synthesis and absorption in mothers’ serum and
importantly clinical safety encourage further studies, on the
one hand, in at-risk populations for the management of hyper-
lipidaemia during pregnancy and lactation, and, on the
other hand, in a larger general population, bearing in mind
the risks related to an increase in blood lipids during

Fig. 1. Serum b-carotene concentration (nmol/mmol cholesterol) in infants at

the age of 1 and 6 months according to mother’s dietary intervention (p) or

control (A) group. Data are presented as means and standard deviations.

* Statistically significantly different from controls, independent samples t test,

P¼0·006.
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pregnancy(3,4,34). Furthermore, the recent discussion on the
management of hypercholesterolaemia in children(38)

reinforces the development of dietary therapy, possibly with
plant stanols, for the regulation of blood cholesterol, particu-
larly to eliminate the potential risks attested to medication.
If plant stanol ester spreads are consumed, care should be
taken to ensure a balanced dietary intake and, particularly,
an increased intake of carotenoids in view of previous results
showing that sufficient dietary intake prevents the decline in
carotenoids accompanying consumption of stanols(14).
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