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Abstract
Introduction: Front-of-pack nutrition labels can help consumers to make healthier 
choices and stimulate healthier product development. This is the first modeling study 
to investigate the potential impact on cholesterol levels of consuming a diet consist-
ing of products that comply with the criteria for a ‘healthier choice logo’. 
Methods: National food consumption and food composition data were used to esti-
mate the nutrient intake of the Dutch adult population (18-70 years old) before and 
after replacing foods that did not comply by foods that did comply with the Choices 
front-of-pack label criteria. Different scenarios were established. The difference in 
cholesterol levels in the Dutch population was assessed before and after replace-
ment by means of equations from meta-analyses that calculate how blood lipids 
change when diet composition changes.
Results: After replacing non-complying products with products which comply with 
the label’s criteria (maximum scenario), saturated fatty acids intake reduced from 
14.5 to 9.8 energy%. Trans fatty acids reduced from 0.95 to 0.57 energy%. The aver-
age predicted changes in LDL and total cholesterol levels were -0.25 and -0.31 
mmol/l, respectively. Because HDL cholesterol levels reduced as well (-0.05 mmol/l), 
overall, the result was a slightly positive change in the total cholesterol/HDL ratio 
(-0.03). 
Conclusions: Our findings suggest that the consumption of foods complying with 
the criteria for a front-of-pack label may contribute moderately to cardiovascular risk 
reduction via influencing blood lipids. These findings were independent of other po-
tential effects on related health outcomes.
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Introduction 
The World Health Organization recommends limiting the intake of sodium, sugar, 
saturated fatty acids (SAFA) and trans fatty acids (TFA) in order to reduce the preva-
lence of diet-related chronic diseases (1). Front-of-pack nutrition labels are tools that 
can assist with this. They aim to help consumers to make healthier choices and can 
encourage food manufacturers to develop healthier products. Many countries, food 
manufacturers, retailers and consumer organizations have developed their own la-
bels, with different designs and criteria (2, 3). 
In the Netherlands, since 2006, the front-of-pack label ‘Choices’ has been present on 
a variety of food products in supermarket chains and food services. An independent 
international scientific committee developed the label’s criteria. Products that contain 
lower levels of sodium, sugar, SAFA, TFA and energy and increased levels of dietary 
fiber compared with similar products within the same product category can obtain 
the label. The detailed background of the label has been described elsewhere (4, 5). 
We found that health-motivated consumers not only reported purchasing but also 
actually purchased more labeled products (5, 6), although our randomized controlled 
trial in worksite cafeterias did not show an effect of labeling on lunchtime food pur-
chases (7). We also found that the label has caused food manufacturers to reformu-
late existing products and to develop new products with a healthier nutrient composi-
tion (8). 
It is hypothesized that an increased availability of reformulated products due to front-
of-pack labels will eventually contribute to better nutrient intake and subsequently a 
healthier population. Earlier studies combined food consumption data with food 
composition data in order to explore the potential impact of the Choices criteria on a 
population’s nutrient intake. They found that consuming a diet which complies with 
the label’s criteria can potentially lead to substantial improvements in nutrient intake 
(9, 10). However, these studies only calculated the nutrient intake for the Dutch 
population of young adults. Furthermore, nutrient intake was the outcome measure, 
and these studies did not model the potential impact on health-related risk factors. 
One other study did model the effects of a front-of-pack label on health-related risk 
factors and assessed its cost-effectiveness. Sacks and colleagues assumed that 
health outcomes could be modeled via a change in body weight, and found that traf-
fic light labeling is likely to be an excellent value-for-money obesity prevention meas-
ure (11). To the best of our knowledge, no studies have yet calculated the effect of 
consuming a diet which is compliant with the criteria of a front-of-pack label on a 
specific cardiovascular risk factor, such as cholesterol levels. There is a large body 
of evidence on the association between one’s intake of different fatty acids and cho-
lesterol levels and subsequently with coronary heart disease (CHD) (12-14). There-
fore, this study aimed to model the potential impact of consuming a diet which is 
compliant with the Choices criteria on cholesterol levels for the total Dutch adult 
population. 
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Methods
First, we developed four different nutrient intake scenarios for the Dutch adult popu-
lation (18-70 years). Second, we calculated the nutrient intake distribution in the 
population for each of the scenarios. Third, we estimated the effect of shifts in sev-
eral fatty acids on average cholesterol levels. Figure 1 illustrates the design of this 
study. Please note that this study focused on modeling the effects on cholesterol 
levels. It did not investigate other potential effects on related intermediaries and 
health outcomes, such as BMI, blood pressure, stroke, diabetes and cancer.

Food consumption data
We used data from the Dutch National Food Consumption Survey 1997-1998 (15). 
These data are currently the most recent food consumption data available for the 
total population of the Netherlands. The survey was conducted among 6250 Dutch 
participants aged > 1 year old. This group is considered to be representative in terms 
of sex, age, level of education and place of residence for the general Dutch popula-
tion. Trained dieticians instructed the participants to keep a two-day-diary. In the 
present study, we focused on the adult population aged 18-70 years old (n=4336).

Figure 1. Study design

MINIMUM SCENARIO
24% Choices
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original food 

composition data

REFERENCE SCENARIO
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composition data
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Food composition data
We also used food composition data from the Dutch food composition database  (16) 
for the following nutrients: SAFA (expressed as percentage of total energy intake 
(en%)), trans fatty acids (TFA; en%), sodium (g), energy (kcal) and fiber (g) (the 
Choices nutrients) and monounsaturated fatty acids (MUFA; en%), polyunsaturated 
fatty acids (PUFA; en%), protein (en%) and cholesterol (mg) (needed for calculating 
the effects on cholesterol) (17). Added sugar (en%) was estimated based on imputa-
tion of the mean value for comparable products within the same product group. 
Foods were scored according to the Choices criteria for each food group. Alcoholic 
beverages and special diet products were excluded as there are no Choices criteria 
for these product groups. Foods were compliant with the front-of-pack label if they 
met all of the criteria for each nutrient (SAFA, TFA, sodium, energy and fiber). The 
scoring resulted in 516 products that complied with the label’s criteria, 999 non-
compliant products, and 57 which could not be scored due to missing nutrient data. 

Replacement procedure
All consumed products which did not comply with the Choices criteria were replaced 
by products complying with the criteria and which were available in the Dutch food 
composition database. We only replaced products within the defined Choices prod-
uct groups, as the program assumes that consumers choose products within certain 
product groups. If we found no similar product suitable for replacement, the product 
was not replaced (which was the case for 36% of the non-compliant products). Prod-
ucts that already complied were not replaced. Three trained investigators (ELV, 
MAHH, AJCR) systematically compared all of the replacements. 

Reference scenario
We combined the Dutch food consumption data with data from the Dutch food com-
position database in order to estimate the nutrient intake of the Dutch adult popula-
tion aged 18-70 years old. This reference scenario was compared to each of the 
three scenarios explained below.

Minimum scenario
We estimated the nutrient intake of the Dutch population if 24% of the population 
replaced their food with products which complied with the label’s criteria. This was 
based on our supermarket observations which showed that 24% of consumers’ su-
permarket purchases consist of labeled products (6). If 24% of a population’s intake 
comes from products complying with the label’s criteria, it was assumed that it would 
be possible to calculate the population’s nutrient intake as if 24% of the population 
ate only products complying with the label’s criteria.

Medium scenario
We assume that the current trend for innovation and healthy behavior will continue, 
due to the increasing interest of food manufacturers in product reformulation and the 
increasing health education of consumers. Therefore, we also performed calcula-
tions for a scenario in which 48% of the population replaced their food products with 
products which complied with the label’s criteria (twice the minimum scenario).
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Maximum scenario
We finally performed calculations in which 100% of the population replaced their 
food products with products which complied with the label’s criteria.

Analyses
Nutrient intake. The habitual intake for all nutrients was calculated based on the two-
day diaries, correcting for within-individual variation (e.g., day-to-day correlation and 
interview sequence), using the Iowa State University (ISU) method (SIDE/IML ver-
sion 1.11, 2001; Iowa State University, Ames, IA, USA) for the reference and the 
maximum scenarios. In order to take into account the uncertainty regarding which 
subjects will actually replace their food products with compliant food products in the 
minimum and medium scenarios, a probabilistic procedure was applied. A random 
sample was drawn from the study population, corresponding to the proportion of the 
study population who would substitute their food products with products which com-
plied with the label’s criteria (24% and 48%). We assumed that the subjects who 
were not selected (76% and 52%) continued to consume their regular foods. This 
sampling procedure was repeated 100 times. For each sample, habitual nutrient in-
take was calculated. The results presented are the median values for all of the sam-
ples. We compared the median intake to the recommended intake levels developed 
by the Health Council of the Netherlands (18) and, if these data were not available, 
to the recommendations of the WHO (19). Additionally, insight in the contribution of 
nutrients by various product groups was obtained to investigate which product 
groups contributed most to the changes in nutrient intakes. First, the relative reduc-
tion per product group for each individual was calculated, and subsequently, the 
distribution of changes was derived for the whole population per food group.
Cholesterol. In order to calculate the effects of the shift in nutrient intake on choles-
terol levels, we used the Katan Calculator, an online tool (www.katancalculator.nl) 
that calculates how blood lipids change when the subject’s diet composition changes 
(17) This online tool is based on high-quality scientific data (13, 20-22). Body weight 
is assumed to remain constant in this calculation tool, because changes in body 
weight may also influence cholesterol levels and otherwise would bias the outcomes 
of the calculations. The minimum, medium and maximum scenarios were compared 
with the reference scenario using the different SAFA, TFA, MUFA, PUFA, protein and 
cholesterol intake values as the input. The outcomes recorded were changes in LDL, 
HDL, total cholesterol and in the ratio total cholesterol/HDL.

Results
Nutrient intake
Table 1 shows the median (5th percentile; 95th percentile) habitual intake of the dif-
ferent nutrients for the four scenarios for the total adult population (18-70 years old). 
The nutrients SAFA, TFA, sodium, added sugar and energy (which were used as 
criteria in the replacement procedure) showed reductions for all scenarios, while 
fiber levels increased. When looking at the other nutrients, increases in the subjects’ 
intake were shown for PUFA, protein and cholesterol, and a decrease was found for 
MUFA. The probability approach for the minimum and medium scenario showed 
median intake estimates (P5 and P95 of the 100 iterations) ranging between 13.27 
to 13.35 en% for SAFA and 0.84 to 0.85 en% for TFA in the minimum scenario; and 
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12.04 to 12.13 en% and 0.74 to 0.76 en% for SAFA and TFA respectively in the me-
dium scenario. The other nutrients showed similar narrow ranges.  
The last column of Table 1 shows the recommended daily intakes. Figure 2 illus-
trates the percentage of the total adult population who complied with the recommen-
dations for the nutrients used in the replacement procedure. It is shown that 54.0% 
of the population complied with the recommendations for SAFA in the maximum 
scenario, 60.2% for sodium and 53.3% for energy. For TFA, the reference median 
intake already complied with the recommendation of <1 en%. It is shown that for 

Nutrients Reference Minimum1 Medium1 Maximum Reca

SAFA2 
(en%)

14.5
(10.5; 18.7)

13.3
(8.6; 18.6)

12.1
(7.6; 17.8)

9.8
(7.3; 12.8)

<10

TFA2

(en%)
0.95
(0.59; 1.49)

0.8
(0.4; 1.5)

0.7
(0.3; 1.4)

0.57
(0.29; 1.09)

<1

MUFA2 
(en%)

11.5
(8.9; 14.6)

11.4
8.5; 14.7)

11.2
(8.2; 14.6)

10.7
(7.6; 14.5)

MUFA + 
PUFA: 8 - 38

PUFA2 
(en%)

6.9
(4.5; 10.4)

7.1
(4.6; 10.4)

7.2
(4.8; 10.5)

7.5
(5.2; 10.4)

MUFA + 
PUFA: 8 - 38

Protein 
(en%)

15.3
(11.5; 20.3)

16.2
(11.7; 22.4)

17.1
(12.2; 23.9)

19.3
(14.6; 25.3)

<10

Cholesterol 
(mg)

227.0
(132.4; 
376.8)

214.7
(122.5; 
362.6)

202.7
(115.2; 
344.3)

178.9
(108.2; 
288.8)

<300

Sodium
(g)

2.8
(1.7; 4.4)

2.6
(1.5; 4.2)

2.5
(1.4; 4.0)

2.2
(1.3; 3.5)

<2.4

Added sugar
(en%) 18.8

(5.0; 39.2)
17.5
(4.2; 37.8)

16.2
(3.6; 36.1)

13.7
(2.7; 31.3)

<10

Energy 
(kcal)

2241
(1402; 3357)

2171
(1342; 3279)

2100
(1296; 3187)

1956
(1226;2924)

<2000

Fiber
(g)

20.7
(11.7; 33.1)

21.0
(12.0; 33.3)

21.3
(12.4; 33.5)

22.0
(13.2; 33.8)

30-40

Table 1. Median (5th percentile; 95th percentile) habitual intake of different nutrients 
in the different scenarios among the total Dutch adult population.

1 Median of multiple sampling (100 times)
2SAFA: saturated fatty acids; TFA: trans fatty acids; MUFA: monounsaturated fatty 
acids; PUFA: polyunsaturated fatty acids
a Rec: Recommended daily intake (upper limit) for SAFA, TFA, sodium, energy, 
fiber, MUFA, PUFA and protein as recommended by the Dutch Health Council (18). 
There are no recommendations for added sugar and cholesterol in the Nether-
lands; therefore, the recommendations for these nutrients were based on WHO 
recommendations (added sugar recommendations are for free sugars) (19).
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added sugar, 32.2% of the population complied with the recommendations in the 
maximum scenario, but that only 3.8% complied with the recommendations regard-
ing fiber. 
Table 2 shows the five product groups which contributed most to changes in SAFA 
and TFA median intakes (two nutrients of importance regarding cholesterol levels), 
the number of non-complying products which were replaced by complying products 
from the food composition table, and some replacement examples that are respon-
sible for the changes. The table illustrates that replacing cheese products and pro-
cessed meats contributed most to the SAFA reduction when comparing the maxi-
mum scenario with the reference intake. Replacing oils, fats and fat containing 
spreads caused the largest reduction in TFA intake.
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Figure 2. Percentage of total adult population complying with recommendations for 
SAFA, TFA, sodium, added sugar, energy and fiber in the different scenarios1.

1Recommended daily intake (upper limit) for SAFA, TFA, sodium, energy and fiber as 
recommended by the Dutch Health Council (see Table 1 for values) (18). There is no 
recommendation for added sugar; therefore this recommendation was based on 
WHO recommendations (19).
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Cholesterol
Table 3 shows the effects of the different scenarios on the cholesterol level of the 
total adult population. It is shown that LDL and total cholesterol levels reduced slight-
ly when the minimum, medium and maximum scenarios were compared with the 
reference scenario. HDL was found to be reduced as well, resulting in a small change 
in the total/HDL ratio. 

Discussion
This is the first study that has investigated the potential impact of consuming a diet 
which complies with the criteria for the Choices logo, a front-of-pack ‘healthier choice’ 
logo, on cholesterol levels by conducting a modeling study. Our findings show that 
when all foods that can be replaced by foods that comply with the criteria for the 
Choices front-of-pack label are replaced (maximum scenario), population choles-
terol levels are likely to reduce slightly.

Nutrient intake
Whereas the minimum and the medium scenario reveal a small move in nutrient in-
take towards the recommendations, the median intakes reached the recommended 
levels for the nutrients SAFA, sodium and energy in the maximum scenario only. 
However, sodium intake will be higher in reality, because added sodium was not 
taken into account. If one aims to achieve the recommended levels for the total 
population, these findings show that these scenarios are just a starting point from 
which to further stimulate food reformulation and healthy food choices. A more posi-
tive effect on intake and consequently on public health could be achieved by apply-
ing more stringent logo criteria for nutrient levels in each food group. With regard to 
added sugar and fiber, the intakes in the maximum scenario are still far from the 
recommendations, stressing the importance of paying extra attention to these nutri-
ents. 

Scenario Minimum Medium Maximum
Change LDL (mmol/l) -0.07 -0.13 -0.25

Change HDL (mmol/l) -0.01 -0.03 -0.05

Change total chol. (mmol/l) -0.08 -0.16 -0.31

Change Total/HDL Ratio -0.01 -0.02 -0.03

Table 3. Effect of scenarios on cholesterol levels for total Dutch adult population, 
using Katan Calculator (17) (Input: P50 of SAFA, MUFA, PUFA, TFA, cholesterol, 
protein; minimum, medium and maximum scenario compared with reference 
scenario). 1

1 SAFA: saturated fatty acids; TFA: trans fatty acids; MUFA: monounsaturated fatty 
acids; PUFA: polyunsaturated fatty acids.
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Cholesterol and CHD
In all scenarios, a small reduction in mean cholesterol levels was predicted, which 
may result in a reduction of the risk of CHD. Interestingly, there is a large body of 
evidence regarding the negative health effects of excessive SAFA intake on choles-
terol levels and CHD, and the positive effects of replacing SAFA with PUFA (12-14). 
Therefore, it is recommended that a shift towards greater PUFA consumption in 
place of SAFA would significantly reduce rates of CHD (14). In our scenarios, we did 
find a reduction in SAFA, but we did not find a large increase in PUFA. It would be 
interesting to further explore the possibilities for product reformulation by food manu-
facturers, and the technological feasibility of (partly) replacing SAFA with PUFA. 
Furthermore, while some review studies use total cholesterol as a marker to predict 
CHD and others use LDL cholesterol levels, the total/HDL cholesterol ratio appears 
to be one of the strongest predictors of CHD risk, although the precise role of HDL in 
relation to CHD is not yet clear (23, 24). Epidemiological studies suggest that a one 
unit change in total/HDL cholesterol is associated with a 53% change in the risk of 
myocardial infarction (MI) (25), which could be translated to an MI risk reduction of 
1.59% for our maximum scenario. Although this is a very small risk reduction on an 
individual level, it may be substantial on a population level. As Rose states in his 
book ‘The strategy of preventive medicine’ (26): When many people each receive a 
little benefit, the total benefit may be large. This can be explained by the fact that 
those people who are slightly above the centre of the population distribution will 
move to a lower risk. For an individual, the risk reduction may be negligible, but col-
lectively, on a population level, the effect is large. Browner and colleagues modeled 
that if Americans reduced their fat intake from 37 en% to 30 en%, the risk of CHD in 
elderly people may be reduced by 5% (27). At a population level, the researchers 
translate this risk reduction to 60 million years of additional life for the American 
population. However, on an individual level, this means a possible gain of three or 
four months in life expectancy. These benefits will be greater for high-risk groups, but 
may equal zero for someone with no risk factors. We did not differentiate between 
high-risk groups in our study, which could be an interesting topic for future studies. 
The risk of CHD obviously depends on many other risk factors as well such as prior 
coronary events, blood pressure, glucose tolerance, inflammatory markers, body 
mass index, physical activity, age and total dietary pattern (24, 28). 

Study limitations
Scenario modeling has its inherent limitations, especially because of its many as-
sumptions. In the first place, what foods may be replaced by which alternatives is 
theoretical; we attempted to tackle this to some extent by using three independent 
researchers to decide upon likely replacements. Second, we assumed that people 
would eat as much of the replacement foods as they ate of their traditional choice. It 
may be that people will eat more of products they perceive to be healthier. Provench-
er and colleagues showed that the perception that a cookie was healthy increased 
the actual intake of the food (29). Nevertheless, Steenhuis and colleagues showed 
no increased intake when comparing the consumption of a cake with the Choices 
logo to the same cake without it (30) (note that this cake was not perceived as 
healthy). These studies focused on only one product and therefore further research 
is required regarding overall dietary patterns. A third limitation is that the minimum 
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scenario was based on a single study that may not be fully representative of the 
population at large (6). The assumption that 24% of adults would change to a diet 
that is fully compliant with the label’s criteria may thus be too optimistic, although we 
currently have no evidence about what would be a more realistic scenario. Future 
studies could explore what percentage of compliant products is typical for an aver-
age consumer, and include this percentage in more realistic scenario calculations 
(for example 24% of the population consuming a diet with 10% of products that are 
compliant). However, if lower than 24% is more realistic than the present ‘minimum’ 
scenario, then the effects on nutrient intakes and subsequently on cholesterol levels 
will be even smaller. Fourth, the available national representative food consumption 
data used were based on self-reports, and were somewhat outdated. 

Future research
In spite of these limitations, this study provides unique initial insights into the poten-
tial effects of consuming a diet which complies with the criteria for a front-of-pack 
label on cholesterol levels. This study focused on modeling the effects on choles-
terol levels. It did not examine other potential effects on related intermediaries and 
health outcomes, such as BMI, blood pressure, stroke, diabetes and cancer, which 
are obviously interrelated. Therefore, it would be interesting for future modeling stud-
ies to develop a model which takes other intermediaries and health outcomes into 
account.
Further, we realize that modeling studies are limited by the fact that all outcomes are 
potential outcomes. Further research should therefore also focus on actual health 
outcomes in real-life settings. Ireland and colleagues showed that nutrition educa-
tion about the front-of-pack symbol Pick the Tick (from Australia and New Zealand) 
significantly decreased urinary sodium excretion (31). We recommend that future 
studies follow, for example, a cohort of consumers consuming a diet which complies 
with the criteria for a front-of-pack label and to measure biomarkers, such as blood 
lipid levels and urinary sodium excretion.

Conclusions
Our findings suggest that the consumption of foods which comply with the criteria for 
a front-of-pack label may contribute moderately to cardiovascular risk reduction via 
influencing blood lipids. These findings did not take into account other potential ef-
fects on related intermediaries and health outcomes, such as blood pressure, BMI, 
stroke, diabetes and cancer. Further research should focus on biomarkers in real-life 
settings in order to investigate the real public health impact of front-of-pack nutrition 
labels on our society.
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