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Abstract

Objective: To study patterns of phytosterol intakes in the Irish population from
enriched sources.

Design: An interview-assisted questionnaire, which recorded information on
sociodemographics, product types, intake amounts and patterns of intake.
Independent samples ¢ tests, one-way ANOVA and cross-tabulations were used to
establish significant relationships between groups of variables. The top tertile of
phytosterol intakes was also calculated.

Setting: Point-of-purchase of phytosterol-enriched products in Irish supermarkets.
Subjects: Four hundred and sixty-eight consumers (186 men and 282 women) of
phytosterol-enriched foods.

Results: The mean phytosterol intake from enriched sources for the sample
population was 2-45 g/d. Men had greater intakes than women (2-71 g/d v. 2:29 g/d,
respectively). A total of 62% of consumers were unaware of the importance of
consuming fruit and vegetables while taking these products. The majority
of respondents reported that they had high cholesterol (61%) and 22% of
consumers also took cholesterol-lowering medication (statins). In total, 23 % had
phytosterol intakes >3-0g/d and the majority of consumers (58%) had been
consuming these products for >1 year. The mean intake for respondents with

phytosterol intakes >3-0g/d was 4-1 g/d and 74% of this subgroup had been Keywords
consuming these products for >1 year. Phytosterol
Conclusion: In general, phytosterol intakes are within efficacious levels in the Irish Phytostanol
population. However, there appears to be a subgroup that has been consuming Cholesterol
these products at intakes greater than current recommendations for >1 year. Ireland

For over 50 years it has been known that phytosterols
lower blood cholesterol levels by blocking the absorption
of cholesterol in the gut, although the exact mechanism is
not fully understood”. There is substantial evidence from
a vast number of studies that phytosterols lower total and
LDL cholesterol levels®™. Phytosterols are naturally
occurring plant compounds that are extracted and ester-
ified before incorporation into foodstuffs, and these
enriched products were first marketed for the lowering
of cholesterol in 1995, Some plant sterols currently in
use are hydrogenated before esterification, resulting
in saturated stanol derivatives or ‘plant stanols’, such as
B-sitostanol and campestanol®. For the purpose of the
present paper, ‘phytosterol’ refers to both plant sterols
and plant stanols. Studies have shown that a reduction in
blood cholesterol can be achieved by daily consumption
of 1-5-3-0 g phytosterols and these intakes typically result
in a reduction in serum total cholesterol by 8-17 % and of
LDL cholesterol by 6-15 %
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Over the past few years, a wide range of food products
containing phytosterols have become available on the
European market. As part of authorising the placing on
the market of ‘yellow fat spreads with added phytosterols’
as novel foods or food ingredients (EU Novel Food
Regulation 258/97/EC), the Scientific Committee for Food
(SCF) recommended conduction of post-launch mon-
itoring (PLM) to establish if these products are reaching
the appropriate target groups and if use of the products
is as predicted(9). This PLM scheme was applied to
phytosterol-enriched spreads manufactured by Unilever
via consumer telephone care lines and market surveys.
The aim of the Unilever study was to obtain data on
consumption and possible side-effects of the enriched
spreads. Information was gathered on real purchase data
from consumers in 2001 in The Netherlands, UK, France,
Germany and Belgium. In another more recent study, the
effectiveness of customary use of phytosterol/stanol-
enriched margarines on blood cholesterol was examined
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in free-living conditions with data from the Dutch
Doetinchem cohort™”. This was the first report to find a
modest beneficial effect on blood cholesterol level under
customary conditions; however, intakes of enriched
spread were found to be lower than predicted (.e.
9-15g/d).

Phytosterol-enriched products are relatively new to the
market, especially products such as enriched yoghurt
drinks and milks. Therefore PLM is still in its early stages
with respect to understanding patterns of consumption of
these products, and studies such as the present one on
customary intake patterns are only just beginning to
appear in the literature. PLM studies provide valuable
information with respect to consumer consumption
patterns, which are used to complement, not replace,
pre-market safety evaluation studies. The potential exists
that these products could be consumed in amounts above
recommended levels or indeed below minimum effective
doses, and relatively little information is available on
patterns of usage of these products in terms of period of
consumption, intake of multiple product types and actual
amounts consumed in free-living individuals. Therefore
the aim of the present study was to explore consumption
patterns and estimate intakes of phytosterols from all
enriched sources on the Irish market.

Methods

Study sample and data collection

A sample population of 468 consumers of phytosterol-
enriched products (186 men and 282 women) took part in
the survey conducted between September and October
2005. All respondents were required to be consuming
phytosterol-enriched foods or have another member in
their household consuming the products. The participants
were recruited on a voluntary basis in thirteen super-
markets in the Republic of Ireland, at the point of
purchase. The supermarkets were located in either a
major urban location on the east coast or in a more rural
location in the south west, in different socio-economic
catchment areas, and sampling took place at varying
times throughout the day on all days of the week.

Questionnaire design

Data were collected using an interviewer-assisted ques-
tionnaire. A series of closed-ended questions was used to
estimate intakes of phytosterols from enriched sources.
Each respondent was provided with a comprehensive list
of all phytosterol-enriched products available on the Irish
market. They were asked details about the brands and
product types they consumed, how often they usually
consumed them (i.e. times per day and days per week),
the quantity of each product consumed in terms of
portion size, and the length of time they had been a
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consumer of these products (in months). Participants
were shown photographs of all available products and
of portion sizes of each product type, so that they
could estimate the amount of each enriched product they
consumed. Information on the consumption of both
phytosterol- and phytostanol-enriched products was
collected; however, the present study collectively refers to
these as ‘phytosterols’. There were five enriched product
types on the Irish market at the time of the study, i.e.
spreads, one-a-day yoghurt drinks, yoghurts, milk and
cheese spread, and all of these were examined. Data were
collected at brand level to ensure that accurate informa-
tion on phytosterol concentrations was used in the
calculations. In relation to reasons for consumption of
the products, respondents were asked whether they
consumed the products owing to a diagnosed medical
condition and, if so, to specify what the condition was. If
they had a medical condition (e.g. high cholesteroD), they
were also asked whether they took medication for it.
Information was also gathered on social and demo-
graphic characteristics, on reading of product labels, and
on consumption of fruit and vegetables.

Data analysis

Phytosterol concentrations per brand per product type
were obtained both from the product label and the rele-
vant product manufacturers. Intakes of phytosterols were
calculated for each respondent from this information
based on the quantity and frequency data collected in the
questionnaire. Categories were created for the following
variables: gender, age group, education level, period of
consumption and the number of days per week the
products were consumed. The levels of calculated phyto-
sterol intake were divided into three categories related to
the efficacy for lowering cholesterol based on the
SCF recommendations'": suboptimal intakes (<1-5 g/d),
optimal intakes (1-5-3-0 g/d) and higher intakes (>3-0 g/d).
The SCF has concluded there is no evidence of additional
benefits of phytosterols at intakes greater than 3-0 g/d and
that high intakes might induce undesirable effects, so it is
therefore prudent to avoid plant sterol intakes exceeding
3-0g/d"Y.

Data were analysed using the Statistical Package for the
Social Sciences statistical software program version 12 for
Windows™ (SPSS Inc., Chicago, IL, USA). Analyses of
intakes of phytosterols were completed using descriptive
statistics. Tests for significance were completed with
Pearson x* analysis, independent samples 7 tests and one-
way ANOVA. Post hoc tests were completed with the
least significant difference test and the significance level
was set at P<<0-05. Results were generated separately for
the total population, consumers only, consumers of one
product type only, respondents who were also taking
statin drugs and respondents who had phytosterol intakes
>3-0g/d.
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Results

A total of 377 (81%) respondents were self-reporters,
while ninety-one (19 %) questionnaires were reported by
another member of the household. Mean phytosterol
intakes from enriched sources were not found to be
significantly different between the two groups (2-42g/d
self-reported v. 2:59g/d reported by other, P> 0-05).
Therefore all respondents’ results were analysed together.

Total phytosterol intakes (means with their standard
deviation, minimum, maximum and 90th, 95th and 97-5th
percentiles) from enriched sources for the sample of Irish
adults are shown in Table 1. In total, 468 subjects part-
icipated in this study (186 men and 282 women). The
mean phytosterol intake was 2:45g/d with a range of
0-21-9-84g/d. At the 90th percentile, the intake of
phytosterols was 4-41g/d, while intake at the 97-5th
percentile was 6-61 g/d. Men had a significantly higher
phytosterol intake than women (2-71g/d ». 2-29g/d
respectively, P<0-001). There were no significant dif-
ferences in intake of phytosterols from enriched products
across the age groups. In relation to education level,
phytosterol intake was lower in individuals who com-
pleted third level (2-14g/d) compared with those who
completed primary (2:81g/d) and secondary level
(2-:57g/d) (P<0-05). Over half of the respondents
reported being introduced to phytosterol-enriched pro-
ducts through advertising and 14-5 % were introduced by
their doctor. However, phytosterol intakes were greater in
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individuals who were introduced by a doctor than in
those introduced through advertising (2-90 g/d v. 2-:38 g/d
respectively, P<0-05). The majority of subjects (607 %)
reported consuming phytosterol-enriched foods due
to diagnosis of high cholesterol, while 36:3% of those
surveyed were consuming phytosterol-enriched foods in
the absence of a medical condition. It was found that
respondents reporting high cholesterol had greater
intakes than those with no medical condition (2-63 g/d v.
2-13 g/d respectively, P<<0-05).

Phytosterol intakes were divided into three categ-
ories: suboptimal intakes (<1-5g/d), optimal intakes
(1-5-3-0g/d) and higher intakes (>3-0g/d), and the
characteristics of intakes of phytosterol-enriched products
were compared across these groups (Table 2). The
majority of respondents (54 %) had optimal intakes, while
239 had suboptimal intakes and 23 % had intakes above
the recommended range. The respondents were asked
about the period of consumption (i.e. how long prior to
the interview had they been consumers of phytosterol-
enriched products) and also how many days per week
that they consumed these products. It was found that
58 % reported consuming these products for >1 year, and
the majority reported consuming them every day (90 %).
People who consumed the products for >1 year were
more likely to have intakes above the recommended
range than consumers for <1 year (P<0-0005). The
majority of subjects consumed only one product type per
day (69 %), 27 % consumed two product types daily while

Table 1 Description of phytosterol intakes of the population sample: Irish consumers of phytosterol-enriched products, 2005

Phytosterol intake (g/d)

Variable n % Mean SD Min Max P90 P95 P97-5
Total 468 100 2:45 1-46 0-21 9-84 4-41 5-48 6-61
Gender
Male 186 397 2:71 1-50 0-25 8-90 4-61 5-91 6-91
Female 282 60-3 2:29 1-41 0-21 9-84 3-97 5-25 6-34
Age group
=45 years 89 19-0 2-47\S 1-36 0-28 8-90 3-92 5-43 6-27
46-65 years 263 56-2 250 1-48 0-21 9-84 4.22 5-42 6-92
>65 years 116 24-8 2:57 1-47 0-28 7-88 4-76 5-73 6-45
Level of education
Primary 56 12-0 2-81°@ 1-81 0-70 9-84 5-30 7-05 9-01
Secondary 257 54-9 2.57% 1-43 0-28 7-88 4-47 5-70 6-74
Third level 155 33-1 2-14° 1-30 0-21 8-90 3-51 4-54 6-00
Method of introduction to products
Advertising 249 53-2 2.38%° 1-35 0-21 9-84 3-96 4-94 5-91
Doctor 68 14-5 2.90° 1-72 0-49 8-90 5-61 6-26 7-52
Dietitian 16 34 2.723bc 1-66 0-80 7-88 5-82 7-88 7-88
Friend 51 10-9 2.71b¢ 1-61 0-89 7-43 5-39 6-58 7-27
Other 84 17-9 2-118 1-29 0-28 6-94 3-68 4-79 6-72
Medical condition
None 170 36-3 2132 1-32 0-28 8-90 3-73 4-67 6-75
High cholesterol 284 60-7 2.63° 1-49 0-21 9-84 4-65 5-68 6-49
Heart disease 8 17 2:43% 114 1-47 4-94 4-94 4-94 4-94
High blood pressure 3 0-6 3-20%° 2-01 2-:00 5-52 5-52 5-52 5-52
Other medical condition 3 0-6 3-5820 3-06 0-89 6-90 6-90 6-90 6-90

P90, P95 and P97-5, 90th, 95th and 97-5th percentile, respectively.
abcMean values within groups with unlike superscript letters were significantly different (P < 0-05).
*Mean value was significantly different compared with females (independent samples t test): P<0-001.
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Table 2 Characteristics of the intake of phytosterol-enriched products according to level of daily phytosterol intake: Irish consumers of

phytosterol-enriched products, 2005

Total <1-5¢g/d 1-5-3-0 g/d >3-0 g/d
n % n % n % n % Pt
Total 468 100-0 108 230 254 54-0 106 23-0
Period of consumption
<6 months 150 321 31 20-7 101 67-3 18 12-:0 <0-0005
6-12 months 46 9-8 8 17-4 28 60-9 10 217
>1 year 272 58-1 69 254 125 46-0 78 28-7
No. of days per week that products are consumed
1-3 d/week 22 4-7 6 27-3 13 59-1 3 136 NS
4-6 d/week 25 5-3 7 28-0 14 56-0 4 16-0
7 d/week 421 90-0 95 22-6 227 53-9 99 235
No. of product types consumed per day
1 product/d 323 69-0 106 32-8 192 59-4 25 77 <0-0005
2 products/d 127 271 2 1-6 60 47-2 65 51-2
3 products/d 18 3-8 0 0-0 2 111 16 88-9
Brand loyalty
Yes 325 69-4 77 237 180 55-4 68 20-9 NS
No 143 30-6 31 217 74 51-7 38 26-6
Does the consumer read the label?
Yes 289 61-8 68 235 165 571 56 19-4 NS
No 179 38-2 40 22:3 89 49-7 50 27-9
Awareness of importance of fruit and vegetables
Aware 179 38-2 43 24-0 91 50-8 45 251 NS
Unaware 289 61-8 65 225 163 56-4 61 211

tPearson y? test.

Table 3 Intake of phytosterols (g/d) from different product types for the total sample, and phytosterol intake from one product for its
consumers only: Irish consumers of phytosterol-enriched products, 2005

Total sample (g/d)

Consumers only (g/d)

Yoghurt Cheese Yoghurt Cheese
Spreads drinks Yoghurts  Milk spread Spreads drinks Yoghurts  Milk spread
All products
n 468 468 468 468 468 320 272 79 16 9
Mean 1-33 1-14 0-14 0-03 0-01 2:73 2-80 2:60 2:70 2-38
) 1-39 1-05 0-32 0-17 0-06 1-66 1-54 1-64 1-26 1.22
Min 0-00 0-00 0-00 0-00 0-00 0-21 1-03 0-65 1-18 0-40
Max 7-84 6-00 1-60 1-50 0-80 9-84 9-84 8-90 5-60 4-46
P90 2-94 2-00 0-80 0-00 0-00 4-94 4-94 5-25 5-55 4-46
One product only
n 148 116 6 0 1 148 116 6 0 1
% of consumers 32t 25 1 0 1 46% 43 8 0 11
Mean product intake 28-4 1 yoghurt drink 1 yoghurt 0 10
Mean 1-99 1-89 0-80 0-00 0-40
Sb 1-16 0-34 0-00 0-00 0-00

P90, 90th percentile.

tThis refers to the percentage of consumers of one product only from the total population; e.g. the percentage that only ate enriched spreads in the total

population and did not consume any other enriched products.

$This refers to the percentage of consumers of one product only from the number of consumers of the product; i.e. the percentage of consumers of spread from

spread consumers only.

only 4% consumed three product types per day. Those
who consumed three products per day were more likely
to have phytosterol intakes >3-0g/d (P<0-0005). When
asked if they were loyal to the products, 69% reported
they were brand loyal (i.e. they always choose the same
product type and the same brand of the product). As
advice regarding the consumption of these products is
placed on the food label, respondents were asked if they
actually read the label; 62% reported that they did.
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However, when asked further questions about informa-
tion contained on the label, only 38 % were aware of the
advice to regularly consume fruit and vegetables that is
stated on the label.

The mean intake of phytosterols from the different
product types available on the Irish market was examined
for the total sample and for consumers only (Table 3).
Spreads contributed the highest amount for the total
population at 1-33g/d. In terms of actual portion size,
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the mean consumption of enriched spreads for the total
sample was 19 g/d. The contribution of phytosterols from
one-a-day enriched yoghurt drinks was 1-14 g/d, while
enriched yoghurts (0-14 g/d), milk (0-03 g/d) and cheese
spreads (0-01g/d) contributed smaller amounts to the
daily intake of phytosterols. Although the respondents
were all consumers of phytosterol-enriched products,
the intake of products varied. The product type with
the highest probability of being consumed was enriched
spreads (68% consumers), followed by one-a-day
yoghurt drinks (58 %). Regarding total phytosterol intake
for only consumers of each product, intakes were greatest
from one-a-day yoghurt drinks (2-80g/d), followed by
spreads (2-73 g/d) and milk (2-70g/d). To examine the
intake of phytosterols among consumers of one product
type only, portion sizes and their phytosterol intakes
were estimated. Spreads and one-a-day yoghurt drinks
were found to be the product types most likely to be
consumed when no other phytosterol-enriched product
was consumed. It was found that 32% of the sample
consumed spreads only and no other product type (i.e.
46 % of spread consumers) and 25 % consumed one-a-day
yoghurt drinks only (i.e. 43 % of one-a-day yoghurt drink
consumers). There were very few respondents who
consumed enriched yoghurts or cheese spread only and
none who consumed enriched milk only, indicating that
these products are mainly consumed in combination with
other product types by the same individual (i.e. a mix-
and-match pattern).

As the long-term implications of high phytosterol
intakes are uncertain, consumers with phytosterol intakes
higher than the SCF recommendations of 3-0g/d were
examined separately; the results are presented in Table 4.
The mean phytosterol intake for this sample was 4-64
(sp 1-36) g/d. Spreads were consumed by 97% of this
subgroup, providing a mean intake of 4-66 (sp 1:37) g/d,
and 75 % consumed one-a-day yoghurt drinks, providing
a mean intake of 4-80 (sp 1-44) g/d. Intakes were also
examined across gender, age group, education level and
medical condition, but no significant differences were
observed (data not shown). Over 73 % of respondents in
this subgroup were also found to have been consumers of
these products for >1 year, and 93% consumed these
products every day. Also, the majority in this group
consumed more than one enriched product per day
(76%).

Respondents were asked if they took the products due
to high cholesterol, and if so whether they also took
medication for this. In response, 22% (7 104) reported
taking statin drugs. Unlike the situation in some other EU
countries, in Ireland statins are available only on medical
prescription. In this subgroup, the mean phytosterol
intake was 2-71 (sp 1-44) g/d (data not shown). This was
significantly higher than the mean phytosterol intake in
statin non-users (2:38 g/d) (= 0-041). No significant dif-
ferences in phytosterol intakes were observed according
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Table 4 Characteristics of the intake of phytosterol-enriched
products in respondents with intakes >3-0g/d: Irish consumers
of phytosterol-enriched products, 2005

Phytosterol intake (g/d)

n % Mean SD Range

Total 106 100 4-64 136 3:07-9-84
Consumers only

Spreads 108 972 466 1-37 3.07-9-84

Yoghurt 24 226 460 1-37 3-:07-8-90

Yoghurt drinks 79 745 480 1-44 3-17-9-84

Cheese spread 3 2:8 375 063 3-23-4-46

Milk 3 2.8 479 134 3-24-5.60
Period of consumption

<6 months 18 17:0 431 082 3-17-5-96

6—12 months 10 94 476 1-35 3-43-6-99

>1 year 78 736 469 145 3-07-9-84
No. of days per week that products are consumed

1-3 d/week 3 2:8 402 068 3-25-4-54

4-6 d/week 4 3-8 459 078 392-552

7 d/week 99 934 466 139 3-:07-9-84
No. of product types consumed per day

1 product/d 25 236 419 079 3:43-6-37

2 products/d 65 61-3 475 1-50 3-07-9-84

3 products/d 16 151 4.87 136 3-17-8:90
Brand loyalty

Yes 68 642 455 1-31 3-07-8-90

No 38 358 478 1-44 3-17-9-84
Does the consumer read the label?

Yes 56 52-8 463 1-15 3-:07-7-47

No 50 472 464 157 3-17-9-84
Awareness of importance of fruit and vegetables

Aware 45 425 468 1-25 3-07-7-88

Unaware 61 575 460 144 3-17-9-84

to gender, age group, length of time consuming products,
whether the label was read, or method of introduction to
the products (P > 0-05).

Discussion

The present study is the first to examine consumption
patterns of phytosterol-enriched products in the popula-
tion of Ireland. Mean phytosterol intake in this sample was
2+45g/d, which corresponds with current recommenda-
tions"" " that intakes of phytosterols should be within the
range of 1-5-3-0g/d. Even though it was not feasible as
part of the study to measure the decrease in serum cho-
lesterol levels, the results proved that the correct target
populations (i.e. those >45 years of age and those with
high cholesterol) are taking these products and that most
(54%) are taking the correct quantity according to SCF
recommendations.

Although mean intakes rested within this recom-
mended range, analysis of the upper intake distribution
revealed that 10% of the sample had daily phytosterol
intakes of 4-4g or more. These findings differ from the
conclusions of Unilever’s PLM study"”, which found that
intakes were lower than the original anticipated intakes of
1-6-2-4g/d. However, the Unilever PLM study invest-
igated phytosterols from enriched spreads only. A study
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by Hendriks et al® found no adverse effects of
phytosterol intakes of 1-:6 g/d for 1 year. However, owing
to the lack of long-term studies (i.e. >5 years), there is a
paucity of information from which to draw conclusions
about the effects of long-term intakes of phytosterols in
man. A recent review by Patel and Thompson*® suggests
that more definitive studies are required to explore the
relationship between phytosterol levels and potential
adverse effects in the general population.

The average phytosterol intake for men (2-71 g/d) was
significantly higher than that for women (2-29 g/d). This
may be due to larger portion sizes of phytosterol-enri-
ched foods consumed by males. For direct comparisons,
currently no other studies exist that have examined
phytosterol levels from enriched sources in populations
consuming phytosterols from as many product types as
explored in the present study. However, studies on
prospective intakes from multiple phytosterol-enriched
products have been carried out. One simulation study
based in The Netherlands (using hypothesised replace-
ment of foods such as margarine, cheese, yoghurt, meats
and salad dressing) anticipated intakes above the 90th
percentile in men to exceed 8:6g/d'*. This corresponds
to the maximum intake of 8-9 g/d achieved for males in
the higher intake level (i.e. above the 90th percentile) in
the present study. A similar study of prospective phyto-
sterol intake in Germany (using foods such as margarine,
milk, cheeses, meats and bread) anticipated a maximum
intake of 13 g/d">. This level of daily phytosterol intake
was not reached by any consumer within the total sample
population of the present study; however, those studies
used more enriched foods than we examined herein.

Although no significant differences were observed in
intakes of phytosterols between the different age groups,
the majority of consumers were >45 years old (81%),
which is the appropriate target group for these products'®.
Respondents with higher education levels were found to
have the lowest phytosterol intakes (2:14 g/d); a possible
reason for this is that higher educated people may be more
aware of the recommended intakes of phytosterol-enriched
products required for efficiency (i.e. to have a cholesterol-
lowering effect). This may be due to better interpretation of
intake guidelines contained on the food label, as it has
been shown that those with higher education levels have
greater comprehension of information on food labels"" .
Interestingly, the majority of people were introduced to
these products through the medium of advertising (53 %),
while only 14:5% were introduced by their doctor despite
the fact that these products are targeted at those with a
specific medical condition (i.e. high/raised cholesterol
levels). However, most people reported consuming these
products owing to having high cholesterol (61%), which
suggests that consumers are aware of the function of the
product. This result agrees with the findings of the Unilever
PLM study, i.e. that the target population is in fact con-
suming phytosterol-enriched products'.
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As the aim of the present study was to characterise
consumption patterns of phytosterol-enriched products
among consumers, they were questioned on the period of
consumption, on the number of days of the week pro-
ducts were consumed and on the number of product
types consumed. The majority responded that they had
been consumers for >1 year (58 %), that they consumed
these products every day of the week (90 %) and that they
consumed one product type per day (69%). A study by
Simojoki et al™® in Finland also found evidence of a
large subgroup of long-term users of plant sterol ester
margarine. In the present study, those who reported
consuming enriched products for >1 year were also more
likely to have phytosterol intakes >3-0g/d (29%) than
those who reported consuming them over a shorter
period of time (12 % for <6 months), which indicates that
long-term intakes of phytosterols at levels >3-0g/d is a
pattern in our population. The most accessible vehicle on
information about portion size and other safety advice for
the consumer of phytosterol-enriched products is the
food label. Therefore we asked respondents about label
reading; while the majority reported that they read the
label (62%), it was also found that 62% of the sample
were unaware of the recommendation to include regular
consumption of fruit and vegetables when consuming
these products to help maintain carotenoid levels'* 2.

When the contribution of different product types to
intakes of phytosterols was investigated, it was found in
the total sample that intake of phytosterols was highest
from spreads (at 1-33 g/d), followed closely by one-a-day
yoghurt drinks (at 114 g/d). However, when consumers
of these product types were examined, intakes were
highest from one-a-day yoghurt drinks (although the
number of consumers of enriched spreads was the
highest of all product types). Therefore, when there is
more than one phytosterol-enriched product type avail-
able on the market, it is important that intakes from all
sources are examined.

As most studies that have looked at intakes of phyto-
sterols from enriched sources have examined only one
product type (usually yellow fat spreads), the intake of
those respondents who only consumed one product in
total was examined. Spreads and one-a-day yoghurt drinks
were the main product types that were consumed on their
own, with the phytosterol intake from spreads alone at
1-99 g/d (corresponding to an average daily portion of 28 g
of enriched spread). This consumption of spreads is higher
than that reported in a recent Dutch study by Wolfs
et al"” where spread consumption ranged from 9 g/d
(stanol-enriched spread) to 15 g/d (sterol-enriched spread).
A median consumption per household of 15-18g/d was
observed in the Unilever PLM study”. The reason for
the higher enriched spread consumption in the present
study is that Irish people are in general high consumers
of spreads, and these customary dietary patterns are
continued with the phytosterol-enriched product (in the
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1997-1999 national Irish food consumption survey,
intakes of yellow fat spreads from all sources was
32g/d*¥). Apart from one-a-day yoghurt drinks, the
other four product types on the Irish market need to be
consumed in three portions per day in order to meet
recommended phytosterol intakes for achieving a func-
tional effect. Therefore, we examined the consumption
patterns of these products. All of the five product types
were consumed in a ‘mix-and-match’ fashion, which is
important for consideration in a safety assessment of
these products. Although each one-a-day yoghurt drink
provides the correct quantity of phytosterols to have a
cholesterol-lowering effect, they were found to be con-
sumed in combination with other enriched products (e.g.
from a total of 272 consumers of yoghurt drinks, there
were 133 individuals who also consumed enriched
spreads). This indicates that a lot of people are unaware
of the correct portions of these products to be consumed
in order to have a functional effect.

As the effects of long-term intake of high phytosterol
levels are unknown, we decided to analyse the subgroup
of individuals who had intakes higher than those
recommended by the SCF. It was found that the majority
of this subgroup were consuming high intakes of
phytosterols for >1 year (74%, with mean intakes of
469 g/d) and most of group (61%) consumed two pro-
duct types daily (i.e. appeared to mix and match product
types on the same day). This indicates that there is a large
subgroup in the Irish population who are established
consumers of these enriched products and who are
consuming phytosterol intakes above the recommended
levels over a relatively long period of time.

Another area where there is still some uncertainty in the
literature is the impact of consuming phytosterol-enriched
products when simultaneously taking cholesterol-
lowering drugs, such as statins. Many studies have reported
findings of an additive effect between statin drugs
and phytosterols?*2® although some studies have not
shown this"?”*®. There is evidence that plant sterols are
increased in serum during statin treatment, and that high
plant sterol levels are an independent coronary risk factor
in the long term®. However, as stated on the food label
of these products, individuals taking statins should only
consume phytosterol-enriched foods under medical
supervision®?. A total of 104 (22 %) respondents reported
taking statins, and their mean phytosterol intake was
significantly higher than that of the statin non-users.
Although the reasons for this greater intake of phyto-
sterols from enriched sources cannot be deduced directly
from the present study, it may be inferred that people
who have been diagnosed with high cholesterol and
who are actively managing it through medication may
also perceive that greater consumption of phytosterol-
enriched foods will be of extra benefit. As the effect of
combining statins and phytosterols has been shown to
be additive, educating people about the recommended

https://doi.org/10.1017/51368980008001766 Published online by Cambridge University Press

57

portions of phytosterol-eniched products is prudent. It was
interesting to note that although these individuals were
taking statins, only 19% were introduced to the phytsterol-
enriched products by their doctor, with the majority
reporting that they were introduced via advertising.

A drawback to the present study was that information
on people who did not want to take part in the survey
was not recorded. However, the response rate was
deemed to be very high according to the fieldworkers,
who reported that the great majority of consumers of
phytosterol-enriched products agreed to participate.
Another limitation is that we had to rely on the ability of
the consumer to provide us with accurate information
regarding their intake of phytosterol-enriched foods.
Under- and over-reporting may have occurred when
carrying out the survey due to misunderstanding or
memory loss. Attempts to prevent this included our
detailed interview-assisted survey questionnaire with
photographs of product types and portion sizes. Also,
sampling occurred in different geographical and socio-
economic locations, and at different times during the day.
Hence every effort was made to collect as comprehensive
and accurate information as possible.

Conclusion

The present study is the first to specifically examine
consumption patterns of all phytosterol-enriched foods in
the Irish population. It showed that, for the most part,
phytosterol intakes were within recommended efficacious
levels in the Irish population. In addition, it was found that
the target population was consuming phytosterol-enriched
products. However, there appeared to be an established
subgroup that had phytosterol intakes greater than the
current recommendations for >1 year. It was also
found that a high proportion of consumers of phytosterol-
enriched foods were not aware of the importance of also
consuming fruit and vegetables regularly to prevent a
reduction in plasma carotenoid levels. The range of
phytosterol-enriched products on the Irish and EU market
is expanding constantly, and the present study indicates
that consumption patterns of these products are dynamic.
Therefore future studies may need to be completed in
other countries where enriched products are available to
determine the actual intakes and consumption patterns of
these products in different settings.
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