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This simulation study aimed to assess the change in saturated fat intake achieved by replacing one to three of the products contributing most to
individual saturated fat intake by alternative products low in saturated fat. Food consumption data of 750 participants (aged 19—-30 years) from a
recent Dutch food consumption survey were used. For each participant, the three products (from different product groups) that contributed most to
their saturated fat intake were ranked in order of diminishing contribution. These products were sequentially replaced by lower saturated fat
alternatives that were available in Dutch supermarkets. Mean percentage energy (en%) from saturated fat and energy intake in kJ per d were
calculated before and after each of the three replacements. Dutch cheese, meat (for dinner) and milk were the main contributors to saturated
fat intake for most participants. Starting at a mean en% from saturated fat of 12-4, the three replacements together resulted in a mean reduction
of 4.9 en% from saturated fat. The percentage of participants meeting the recommendation for saturated fat (<10 en%) increased from 23-3 % to
86-0 %. We conclude that the replacement of relatively few important high-saturated fat products by available lower-saturated fat alternatives can

significantly reduce saturated fat intake and increase the proportion of individuals complying with recommended intake levels.

Saturated fat reduction: Product replacement: Products low in saturated fat

In many countries, including the Netherlands, dietary
recommendations for the public have been issued. The rec-
ommendations focus on the intake of various nutrients
(i.e. fibre, SFA, mono trans-fatty acids, easily fermentable
sugars, salt) and foods (i.e. fruit, vegetables, whole-grain
cereal products, ﬁsh)“). The most recent Dutch food consump-
tion survey among young adults (aged 19-30 years) indicated
that it is particularly the intake of saturated fats that is higher
than recommended®. Whereas the guidelines recommend the
consumption of less than 10 % of total energy intake (en%)
from saturated fat, the habitual intake of no more than an esti-
mated 6 % of the female and 11 % of male participants met
this recommendation in 2003.

High intake of saturated fat has been linked to increased
risk of CVD®, and reducing consumption of saturated fat to
the recommended levels is expected to yield substantial
health benefits>*.

Several product groups are responsible for a high intake of
saturated fat in the daily diet of the Dutch population. These
product groups include dairy products (including cheese),
meat and meat products, fats, bakery goods and biscuits,

grain and grain products, sweets, and sauces®. In the last
few decades, the food industry has introduced alternative
food products with reduced (saturated) fat contents for vir-
tually every product group, for example, low-fat milk, lean
cheese, meat substitutes, and ‘diet’ margarine. Because nutri-
tion is a complex behaviour, individuals might think that it
would take great effort for them to meet the dietary
recommendations. Morgan et al., however, suggest that the
replacement of only a limited number of products might
already result in a considerable change in macronutrient
intake®. The aim of the present study was therefore to
assess the change in the intake of saturated fat that can theor-
etically be achieved by replacing one to three of the products
that contribute most to an individual’s saturated fat intake by
food products that contain less saturated fat and are available
on the Dutch food market.

In a simulation study by Kistemaker using data from the
1987-8 Dutch national food consumption survey, high-fat
products (cheese, milk, meat, and fat spreads) were substituted
by lean alternatives'®. Simultaneous total replacement in all
four product groups led to a mean reduction of 11-7 en%

Abbreviation: en%, energy percentage.
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from fat in their population. Using data of men aged 22-49
years from the same dataset, Kistemaker et al. also compared
the percentage energy intake from fat in men solely using lean
products within a product group and in users of higher-fat pro-
ducts within the same product group'”. Solely using lean pro-
ducts in a specific product group was associated with a higher
en% from fat from other product groups. However, despite
this compensation behaviour, the use of lean products
caused an overall reduction in energy intake from fat.
Morgan et al. analysed the theoretical effect of fat reduction
strategies within single and across multiple product groups
on the macronutrient profile of a typical American diet®.
Based on Third National Health and Nutrition Examination
Survey (NHANES-III) data, 3d menus were created for both
men and women, designed to fit the parameters of total
energy consumption and en% from fat (34 en% for both).
While the mean total energy content of the meals was left
unchanged, replacement of more products and more extreme
replacements (for example, fat-free replacement for full-fat
products) resulted in greater reductions in the en% from fat.
In a small field experiment conducted in the UK, participants
in the experimental group were instructed to consume
reduced-fat foods ad libitum instead of the traditional high-
fat counterparts that they usually consumed, whereas controls
were given no special instructions. The unrestricted use of
reduced-fat products resulted in a reduction of fat intake to
the recommended levels. Total energy intake did not differ
significantly between the two groups due to compensation
by energy intake from other macronutrients (carbohydrates
and protein)®. The 1% or less campaign in the USA aimed
to reduce the total and saturated fat consumption of commu-
nities by encouraging adults and children to switch from
drinking whole or 2% milk to 1% or skimmed milk. The
basic idea is that if the average whole-milk drinker switches
to skimmed milk, his/her saturated fat intake drops from 12
to 10 en%. The percentage of participants reporting
switching from high- to low-fat milk ranged from 13-38 %
in four different communities”. Finally, a Dutch field
experiment found that participants who had the opportunity
to choose ad libitum from forty-four reduced-fat foods for a
period of 6 months significantly reduced their total fat
intake as compared with participants who chose from forty-
four full-fat products“o).

In contrast to these earlier studies, the present study focused
on reducing the intake of saturated fat instead of total fat,
recognising that total en% from fat is a less important
public health target. Furthermore, only the three highest sup-
pliers of saturated fat intake for each individual were replaced,
while earlier studies either simulated replacement of all pro-
ducts within one or more product groups®~", or offered par-
ticipants ad libitum use of reduced-fat products(&g) without
reporting the number of products that the participants actually
replaced in their diet.

The specific research questions of the present study were:

(1) What reduction in en% from saturated fat can theoreti-
cally be achieved by the replacement of up to three pro-
ducts from three different product groups in individuals’
diets by alternatives with lower levels of SFA?

(2) What percentage of participants meets the recommen-
dation for saturated fat intake after these replacements?

(3) What is the effect of the replacements on total energy
intake?

Methods
Sample, design and procedure

Data of the 2003 Dutch food consumption survey among
young adults were used®. Participants, aged 19-30 years,
were members of consumer panels. Response was 42 %. The
participants were considered to be representative of Dutch
young adults in terms of sex, age, level of education and
region of residence. Food consumption data were collected
by trained dietitians using two 24 h dietary recalls, by means
of a computer-assisted interview created with EPIC-SOFT
software (IARC, Lyon, France)(”). The period to which the
questions referred was from getting up on the day before
the interview until getting up on the day of the interview.
A 7-14d time interval was set between the first and second
interviews. The second interview was conducted on a different
day of the week from the first. Participants were also asked to
fill in a questionnaire on their demographics and other back-
ground variables.

The mean quantities (over the two recall days) of all pro-
ducts consumed were calculated for each participant. Infor-
mation on energy (kJ) and saturated fat (g) content per
100 g of each product was based on the 2001 Netherlands
food composition table'?. This information was used to
calculate energy and saturated fat intakes for each participant.

Defining product groups

All products consumed were classified into product groups,
each of which was defined as a set of products that are
comparable in several respects, such as form and function,
including aspects of when (time of day) and how (preparation)
a product is supposed to be used (for example, meat for dinner
or as cold cuts for sandwiches). The classification of products
into product groups was based for the most part on the classi-
fication of products in the 2001 Dutch food composition
table"?. If products within one product group differed too
much from each other, making it impossible to replace these
products by one single alternative product, subgroups were
defined. For example, instead of replacing all cheeses that
were being consumed by a single alternative product, the
cheeses were subdivided into four subgroups (Dutch hard
cheeses, Dutch soft cheeses, non-Dutch hard and non-Dutch
soft cheeses) and an alternative was selected for each of
these subgroups. Other subgroups were formed in the product
groups of meats, pastry goods, milk and milk products, nuts
and snacks, soup, candy, and fats (Table 1).

Selection of alternative products

One single alternative product was selected for each product
group. The selection of alternatives aimed to include food pro-
ducts that resembled the products originally consumed as clo-
sely as possible in appearance and function. Alternatives had
to contain less saturated fat than the traditionally consumed
products and had to be available in Dutch supermarkets at
the time of the study. If multiple alternatives were available
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Table 1. List of product groups and the corresponding alternative products low in saturated fat used to simulate product replacements in Dutch young adults

Saturated fat

Saturated fat

Replacements*

Total percentage of replacements

Cumulative percentage

Product group (g/1009)t Alternative product} (9/1009) 1st 2nd 3rd per product group of replacements
Dutch cheese 20-5 10 + cheese 4.2 31.7 132 10-8 18:6
Meat (for dinner) 5.6 Dairy-based meat replacer 0-6 141 17.2 11.2 14.2 328
Milk 1.2 Skimmed milk 0-1 7-9 101 9-6 9.2 42.0
Meat (for sandwiches) 9-4 Chicken filet (cold cut) 1.4 6-4 8-4 6.7 7-2 49.2
Baking and frying fat 31-8 Liquid baking and frying fat 8:0 75 5-9 6-3 6-5 55.7
Bread spread (butter, margarine) 14-6 Low-fat margarine 5-0 35 5-9 7-3 5-6 61-3
Pastry 7-2 Fruit pie 24 2.7 3.7 2.8 31 64-4
Biscuit (small) 10-4 Lady finger biscuits 1.0 2:0 25 4-4 3-0 67-4
Warm bread-based snack 111 Roll with 05 3.7 3-6 1.5 2.9 70-3
meat filling (Bapao)
Crisps 7-5 Low-fat crisps 2.0 1.9 21 31 2:4 727
Deep-frying fat 210 Liquid deep-frying fat 9-0 1.7 29 2-3 23 75-0
Non-Dutch cheese 19-4 Low-fat Brie 9-0 2-8 23 1.3 21 771
Ice-cream 8.0 Low-fat ice-cream 1.0 241 20 1.9 2:0 791
Chocolate sprinkles 9-6 Fruit-flavoured sprinkles 0-0 0-9 1.6 31 1.9 81-0
(on sandwiches)
Biscuit (large) 9-8 Sponge cake 0-5 1.2 1-3 2:5 1.7 82.7
Candy bar 11.5 Muesli-based chocolate-flavoured bar 4.5 0-8 11 2.7 1.5 84.2
Dutch cheese spread 14.2 Low-fat cheese spread 4.0 1.9 1.5 0-9 1.4 85-6
Chocolate 20-0 Chocolate bar with air bubbles 181 1.2 1.3 1.6 1.4 87-0
Condensed milk 9-6 Skimmed condensed milk 0-0 0-8 11 19 1.2 88-2
Custard and Bavarois desserts 21 Skimmed vanilla custard 0-1 0-4 0-7 24 1.2 89-4
Whipped cream (prepared) 18.7 Low-fat prepared whipped cream 16-9 0.7 11 11 0-9 90-3
Cake 74 Sponge cake 0-5 0-1 0-8 1.7 0-9 91.2
Fried potato product 24 Low-fat French fries§ 0-4 0-0 0.7 1.9 0-8 92.0
(pre-cooked)
Peanut butter 10-3 Low-fat peanut butter 7-9 0-3 0-9 11 0-8 92-8
Drinking chocolate 1-4 Low-fat drinking chocolate 0-2 07 0-7 0-8 0.7 93-5
Nuts 8-9 Japanese rice savoury snack 0-3 0-4 0.7 0-9 0.7 94.2
Yoghurt 0-8 Skimmed yoghurt 0-0 0-3 11 0-4 0-6 94-8
Satay sauce (peanut sauce) 35 Low-fat satay sauce 1.0 0-1 0-4 11 0-5 95-3
Soft curd cheese 3-6 Low-fat soft curd cheese 3-0 0-0 0-8 0-8 0-5 95.8
Crackers/toasts 41 Low-fat crackers 0-5 0-0 0-7 0-3 0-3 96-1
Chocolate mousse 84 Low-fat chocolate mousse 0-8 0-1 0-5 0-3 0-3 96-4
Gravy 104 Low-fat gravy 0-1 0-0 0-4 0-4 0-3 96-7
Fried potato products (prepared) 3-8 Low-fat French fries§ 7-3 0-1 0-1 0.4 0-2 96-9
Cooking cream 213 Low-fat cooking cream 15 0-5 0-1 0-0 0-2 971
Deep-fried fish in batter or crust 4.5 Pollack filet 3.0 0-3 0-3 0-1 0-2 97-3
Whipped cream (unprepared) 21.7 Low-fat unprepared whipped cream 7-2 0-0 0-3 0-3 0-2 97.5
Non-Dutch cheese spread 225 Cottage cheese 26 0-1 0-3 0-1 0-2 97.7
Mayonnaise 6-1 Low-fat mayonnaise 4.0 0-0 0-0 0-4 0-1 97-8
Vegetable soup 0-9 Low-fat vegetable soup 0-2 0-0 0-0 0-4 0-1 97.9
Non-vegetarian soup (meat) 0-9 Chicken soup 0-3 0-0 0-1 0-3 0-1 98-0
Rest No replacement 11 1.7 31 2.0 100-0
Total 100 100 100

* Percentage of replacements per product group for 1st, 2nd and 3rd replaced product.
1 Weighted mean of g saturated fat per product group.
1 A list of product names and a list of producers are available from the corresponding author.
§ One alternative product was used for fried potato products in both pre-cooked (unprepared) and fried (prepared) states. Changes in fat content resulting from preparation were accounted for.
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for a product group, the product with the lowest saturated fat
content per 100g product was chosen. Suitability of the
selected alternatives to replace the products in each product
group was evaluated by the authors. Information on saturated
fat (g) and energy (kJ) per 100 g of all alternative products was
included in the data file. Wherever available, the product
information was acquired from the 2001 Dutch food compo-
sition table. Information on the nutrient composition of
alternative products not included in the 2001 table were
retrieved from the 2006 table, from nutrition label information
on the packages, or directly from the producers'*'®. For the
product group of chocolate, no suitable alternative product
was available that featured lower levels of saturated fat, with-
out differing in other product characteristics and purpose.
Therefore, we selected an alternative product that offered
the same volume but less weight per portion. All alternative
products that we selected are listed in Table 1.

Data analysis

We started by calculating the mean intake of saturated fat
from each product consumed for each participant, by multiply-
ing the amount consumed by the saturated fat content of the
product (g/100g). The three products that contributed most
to the intake of saturated fat were ranked in order of diminish-
ing contribution for each participant. If more than one of these
three products belonged to the same product group, the least
consumed product was removed and replaced by the next pro-
duct in line, until three products belonging to different product
groups were left. This procedure was chosen to prevent repla-
cement of multiple products by one single alternative product,
which would reduce food variety. In eighty-nine cases, it
turned out to be necessary to shift to the next-highest supplier
of saturated fat.

The three products were consecutively replaced by their
corresponding alternative products. Mean en% from saturated
fat and total energy intake (kJ) per d, as well as the percentage
of participants meeting the recommendation for saturated fat
intake, were calculated before and after each additional
replacement.

For all but one product group, replacement was based on the
quantity of product originally consumed, i.e. the amount (in g)
of the original product consumed was replaced by exactly the
same amount of the alternative product. For the product group
of chocolate, however, replacement was based on standard
product portion.

The difference in fat content between the original products
and the alternative was assessed by computing mean saturated
fat content per 100g for each product group. Data were
analysed using the SPSS 13.0 statistical package (SPSS Inc.,
Chicago, IL, USA).

Results
Response and sample characteristics

The 2003 Dutch food consumption survey was conducted
among 750 (response rate 42 %) participants aged 19-30
(mean 25-0 (sD 3:6)) years; 53-1 % were women. Of the par-
ticipants, 24-7 % had a low level of education (none, primary
education or preparatory secondary vocational education),

46-7 % a medium level (senior secondary vocational education
or university preparatory education) and 28-7 % a high level
(higher professional education or university). The sample
characteristics and results of the survey have been described

in detail elsewhere®.

Products, product groups and alternatives low in saturated fat

A total of 231 different products were identified to be in the
participants’ top three suppliers of saturated fat. Sixteen of
the top three products were omitted from the analysis. In
seven cases, this was because no suitable alternative was
found: eggs (four participants), coconut bread (two partici-
pants), bread (sixteen participants), pancakes (four partici-
pants), muesli (two participants), prawn crackers (two
participants) and bread/pizza dough (six participants).

In another nine cases, i.e. coconut, porridge, oatmeal, but-
termilk, semolina, liquid breakfast, chocolate (truffles),
chicken nuggets, and granola bars, the reason for omitting
them was a combination of two factors. On the one hand,
their distinctive taste or product properties made it impossible
to include these products in other, existing, product groups. On
the other hand, each of these products was included in only a
single participant’s top three suppliers of saturated fat.

The omitted products were part of the top three for forty-
five participants. The remaining products were divided into
forty product groups, with a single alternative for each
group (Table 1).

A total of 42-0 % of all replacements that we implemented
related to the product groups of Dutch cheese, meats, and
milks (Table 1). For most product groups, including the
three most frequently replaced groups, alternatives were
found that differed substantially in saturated fat content.
In other, less frequently replaced product groups, for example,
whipped cream, the difference between the weighted mean
saturated fat content of the originally consumed products
and the saturated fat content of the alternative was less
substantial (Table 1).

Results of replacement

Table 2 shows that 23-3 % of the participants had already met
the recommended level of saturated fat intake of less than 10
en% on the two recalled days. Replacement of only the highest
ranked product resulted in a mean reduction of 2-4 en% from
saturated fat and in an additional 27-3 % of the participants
meeting the recommendation regarding saturated fat. The
second replacement resulted in an additional mean reduction
of 1.5 en% from saturated fat and in an additional 21-8 % of
the participants meeting the recommendation. The third repla-
cement resulted in an average additional reduction of 1-1 en%
from saturated fat and in an additional 13-0 % of the partici-
pants meeting the recommendation.

The three product replacements together resulted in a mean
reduction of 13-4 g saturated fat or 5-0 en% from saturated fat
and in an additional 63-2% of the participants meeting the
recommendation (< 10 en% from saturated fat), bringing
the total percentage of participants meeting the recommen-
dation in this simulation to 86 %.

The average intake of total energy was reduced by 156kJ
after the first replacement, while the replacement of the
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second highest ranked supplier of saturated fat yielded a mean
reduction of 76kJ and the replacement of the third highest
supplier yielded an additional reduction of 78 kJ. In sum, the
mean reduction in total energy intake after all three
replacements was 310KkJ.

Discussion

The present study simulated the replacement by alternatives of
up to three products contributing most to saturated fat intake
in the daily diet, and assessed the effect of this strategy on
the intake of saturated fat and total energy. Results showed
that even one replacement (only the product ranked first in
the list of suppliers of saturated fats) led to a considerable
decline in saturated fat intake. After replacement of three pro-
ducts, the percentage of participants who met the Dutch
recommendation for saturated fat intake rose from 23-3 % to
a vast majority of 86 %. (The reported percentage of partici-
pants meeting the recommendation for saturated fat intake
deviates from data from the original report on the Dutch
food consumption survey'”, because that report estimated
habitual population intake distribution by correction for
within-individual variation.) These effects are very large,
and would have a substantial public health impact. They
might, for instance, contribute to lower serum cholesterol
levels and to a lesser degree also to lower obesity rates, due
to the reduced mean total energy intake. The present study
indicates that a relatively small number of changes in the
diet could theoretically lead to substantial favourable changes
in macronutrient and energy intake, and is therefore in line
with earlier findings concerning total fat reduction through
product replacements.

Corroborating findings from other studies, we showed that
consumption of products from three product groups had a
high impact on the consumption of saturated fat. For 42 %
of the sample, the top three suppliers of saturated fat came
from three product groups, namely Dutch hard cheese,
meats, and milk. Therefore, a targeted intervention that takes
account of inter-personal differences is expected to have
more effect than a generic approach that only aims at replace-
ments in these three product groups, because the remaining
58 % of the replacements came from thirty-seven different
product groups.

Another useful finding was that alternatives for products
high in saturated fat were available in the Netherlands for
almost all product groups, but most importantly for the most
frequently consumed product groups with a high saturated
fat content.

Although these simulation results are promising, field
studies are needed to test the feasibility and impact of the pro-
posed strategy in real life. The type of data we used, as well as
the simulation character of the present study, the type of
alternatives used for the calculations, and the specific research
population we studied imply some threats to the external val-
idity of the present results. First of all, real-life replacements
might differ from our simulation as subjects might not
always manage to choose the alternative, or they might even
completely relapse into their old habits. In addition, compen-
satory behaviour might occur. Individuals might consume
larger quantities of the alternatives than of the original pro-
ducts or might start eating other products from the same or
other product groups in addition to the alternatives, for
instance due to the reduction in total energy intake that we
found after the replacements. Although this reduction is
favourable from the perspective of overweight prevention, it
might be preferable to select and recommend alternatives
with reduced saturated fat, but comparable energy, to prevent
individuals from eliminating the effect on saturated fat intake
by compensatory behaviour. Compensatory behaviour across
product groups might also occur to compensate for the loss
in taste. On the other hand, an earlier study found that the
use of solely lean products in one product group was only
partially compensated by the increase in consumption of pro-
ducts from other product groups(g). Similar results were found
in the field experiments by Gatenby er al., and Weststrate
et al., where participants were found to show increased con-
sumption of other macronutrients, while nevertheless consoli-
dating the reduction in energy intake from fat over time®'?.

Another threat to the external validity of the proposed strat-
egy is that we selected rather extreme alternatives (although
available in Dutch supermarkets), effecting the largest poss-
ible reduction in saturated fat content. We did not take aspects
of product acceptability into consideration. For example, in
the category of Dutch hard cheeses, a product containing
6:2 % total fat (42 % saturated) was selected to replace a
full-fat cheese (Goudse 48 + ) containing 31-2% total fat

Table 2. Consumption of saturated fat by percentage energy (en%) and energy (kJ), cumulative mean reduction of saturated fat (en%) and energy
(kJ), and cumulative percentage of participants meeting the recommendation regarding saturated fat consumption (< 10 en%), in the initial situation
and after each additional replacement, in a simulation of product replacements in Dutch young adults

(Mean values and standard deviations)

Saturated fat Energy
Cumulative
reduction Cumulative Participants consuming < 10 en%
Intake (en%) (en%) Intake (kJ) reduction (kJ) from saturated fat
Additional % after

Mean SD Mean sD Mean SD Mean sD Cumulative % each product replacement
Initial situation 124 34 - - 10098 3245 - - 23-3 -
After first replacement 10.0 29 2:4 14 9943 3226 156 508 50-6 27-3
After two replacements 8-5 2.7 39 1.8 9866 3222 232 618 725 21.9

After three replacements 75 2.4 4.9 2.0 9789

3189 310 658 86-3 138
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(19-8 % saturated). This difference in fat content between the
cheeses is large and may not be acceptable at all because of
major differences in taste. Selection of less extreme alternative
products such as a 30 4+ cheese, a product containing 17-6 %
total fat (11-2 % saturated) or a 20 + cheese with 11-9 % total
fat (7-6 % saturated) would yield a smaller reduction in satu-
rated fat intake, but might be a more acceptable alternative.
Another aspect that we did not take into account was the over-
all healthfulness of the alternative products. We only con-
sidered energy intake and did not measure the effects on the
intake of other nutrients. That would be a relevant and chal-
lenging extension of the present study, and link up with the
current shift from nutrient-specific recommendations to
food- and food pattern-oriented recommendations, resulting
from the fact that nutrition-related health problems are nowa-
days more strongly related to foods and food patterns than to
nutrients""®.

Another limitation of the present study that needs to be
addressed is that the study was conducted among young
adults only. We cannot generalise the present results beyond
this group, because eating habits are known to differ between
age groups(z). Finally, the simulation did not use a measure of
habitual intake, but the average consumption measured on two
recall days. The present study thus only allows us to learn
about the potential effects on reduction of saturated fat
intake for the two recall days, and not about the potential
effects on habitual intake.

We conclude that replacing a few influential high-saturated
fat products by available lower-fat alternatives can signifi-
cantly reduce saturated fat intake and increase the proportion
of individuals complying with recommended intsake levels.
Findings in this simulation study are promising enough to pro-
ceed with field experiments to assess the feasibility and impact
of the replacement strategy in ‘real life’.
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