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Abstract
Background: Front of pack food labels or signpost labels are currently widely discussed as means
to help consumers to make informed food choices. It is hoped that more informed food choices
will result in an overall healthier diet. There is only limited evidence, as to which format of a food
label is best understood by consumers, helps them best to differentiate between more or less
healthy food and whether these changes in perceived healthiness result in changes of food choice.

Methods: In a randomised experimental study in Hamburg/Germany 420 adult subjects were
exposed to one of five experimental conditions: (1) a simple "healthy choice" tick, (2) a multiple
traffic light label, (3) a monochrome Guideline Daily Amount (GDA) label, (4) a coloured GDA
label and (5) a "no label" condition. In the first task they had to identify the healthier food items in
28 pair-wise comparisons of foods from different food groups. In the second task they were asked
to select food portions from a range of foods to compose a one-day's consumption. Differences
between means were analysed using ANOVAs.

Results: Task I: Experimental conditions differed significantly in the number of correct decisions
(p < 0.001). In the condition "no label" subjects had least correct decisions (20.2 ± 3.2), in the traffic
light condition most correct decisions were made (24.8 ± 2.4). Task II: Envisaged daily food
consumption did not differ significantly between the experimental conditions.

Conclusion: Different food label formats differ in the understanding of consumers. The current
study shows, that German adults profit most from the multiple traffic light labels. Perceived
healthiness of foods is influenced by this label format most often. Nevertheless, such changes in
perceived healthiness are unlikely to influence food choice and consumption. Attempts to establish
the informed consumer with the hope that informed choices will be healthier choices are unlikely
to change consumer behaviour and will not result in the desired contribution to the prevention of
obesity and diet related diseases.

Background
Overweight and obesity are an increasing problem.
Worldwide more than 1,6 billion people (age 15+) are

overweight, and approximately 400 million adults are
obese [1]. Germany is one of the countries with the high-
est prevalence of overweight among adults (BMI >25) in
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the European Union [2]. The German Child and Adoles-
cent Health Survey (KiGGS) has demonstrated that over-
all 15% of children and adolescents between the ages of 3
and 17 are overweight, and 6.3% suffer from obesity [3,4].
This represents a 50% increase in the prevalence of over-
weight and more than 100% increase in the prevalence of
obesity as compared to the BMI reference data from
1985–1999 [5]. Recently, the German National Nutrition
Survey II (NVS II) [6] a representative survey on the nutri-
ent and energy intake of 14–80-year-olds determined that
one in five Germans is obese (BMI ≥ 30). Analyses on cur-
rent food consumption, lifestyle and eating behaviour
demonstrated that 36% men and 31% women exceeded
the guidelines for daily energy intake for median physical
activity. Of even more concern are the results for the daily
fat intake: 80% men and 76% women exceed the daily fat
intake recommendations (30% of total energy intake) [7].
In almost the same manner eating habits have changed
worldwide leading to an increased consumption of pre-
packed food generally containing high levels of sugar, fat,
saturated fatty acids, trans-fatty acids and sodium [8]. To
prevent nutrition related diseases the WHO has recom-
mended to reduce these nutrients in order to improve the
nutritional value [9]. Hence consumer interests in health
and diet issues have increased and consequently nutrition
labelling has received considerable attention. Interpreta-
tional aids can help consumers to appraise the nutrient
contribution of specific foods to the overall diet enabling
informed consumer choices, leading to the consumption
and consequently to the production of healthier products
[10-12]. However, research on nutrition information on
packed foods showed that the given information is often
misinterpreted, confusing and inappropriate for estimat-
ing an individual product's contribution to the overall
diet [11,13,14]. Adding some kind of benchmark either
numerical or non-numerical seems to help [11,12]. Label
use is affected by education, gender, age and time pres-
sure, i.e., consumers search for nutrition-related informa-
tion as long as the costs (time and/or price) will not
outweigh the benefits [14].

In addition to the customary back-of-pack labelling for-
mats, several food manufactures are using signposts on
the front of the packages to help consumers interpret the
nutritional information. Signposts could probably change
eating patterns by informing and supporting consumers
to make healthy choices. However, the effectiveness of
such labelling depends on the organisation and presenta-
tion of the information, implying the importance of regu-
latory issues [10].

In Europe nutrition labelling is compulsory if a nutrition
claim is made. Depending on the nutrition claim either
the contents of energy, protein, carbohydrate and fat (so
called "big 4") or these four plus sugars, saturated fat, fibre

and sodium.(so called "big 8) have to be detailed [15,16].
Due to the lack of binding agreements, there is no Euro-
pean standard guideline on front-of-pack or signpost
labelling regulations. Nevertheless, several signpost labels
have already been developed although their effect on con-
sumers is highly controversial.

Examples of detailed labels are the 'Guideline Daily
Amounts' (GDA) showing the total amount of energy and
nutrients as a percentage of what a typical healthy adult
should be eating daily on the basis of a 2000 kcal diet. The
traffic light-labels (simple or multiple) give information
on the level (i.e. high, medium or low) of individual
nutrients in the product using the colour coding red,
amber or green. The colour coded GDA combines the two
previous label systems. Studies on behalf of the UK Food
Standard Agency showed that the colour coded labels like
the multiple traffic-light and coloured GDA formats are
most accepted and well understood by consumers [17-
19].

Results from a UK market study on food labels indicated
a high awareness of both, GDA and traffic light label sys-
tems. In terms of understanding, the GDA concept is
good. The understanding of the traffic light concept seems
to be characterised by some exaggeration of the meaning
of the colours [20].

More or less simple labels are the health logos "pick the
tick" in Australia and New Zealand, a tick symbol for
approved foods low in total fat, saturated fat, added sugar
and sodium, and the "smart spot" in the USA for products
meeting similar nutrition criteria [21-23]. In the Nether-
lands criteria for "the healthy choice" logo, a single tick on
the front of the package are derived from WHO standards
of trans fat, saturated fat, sugar and sodium [24].

Research on consumers' use of various formats of nutri-
tion labels has been mainly undertaken by consumer
associations, major retailers and the Food Standards
Agency, focusing on the liking of various signpost labels
[25]. In general, most customers like the idea of front-of-
pack signposting as a shopping aid. In addition most con-
sumers state that they understand the information pro-
vided by these labels, which may be characterised as
perceived or subjective understanding. However, there is
virtually no insight into how labelling information will be
used in a real-world shopping situation and how it will
affect consumers' dietary patterns. Research to evaluate
differences in the consumers' objective (actual) and sub-
jective (perceived) understanding of various label formats
is still to come [25]. Only a few studies investigated the
effect of different formats on behavioural change
[20,21,26]. This makes it difficult to identify the everyday
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use of (different) nutrition labels and their influence on
diet quality.

Objectives
The objective of this research was to investigate which
signpost food label format enables consumers best to dif-
ferentiate healthier products from less healthy ones and to
examine the impact of these food labels on the food
choice and quality of diet.

Methods
Study design and experimental conditions
A randomized experimental study was conducted using 5
experimental conditions representing different label for-
mats. Four different label formats (signposts) were exam-

ined (see figure 1). The study protocol has been approved
by the ethical committee of the Life Sciences Faculty of the
Hamburg University of Applied Sciences.

Materials/food cards
Foods from different food categories were photographed,
and the photos printed in postcard size. All food pictures
were presented unbranded to the participants. In the
experimental condition with the food label signpost, this
was located below the product as was the information
about the portion size (see figure 1). In the experimental
condition without the signpost only the portion size was
presented below the picture. If nutrition facts were availa-
ble for the reference food (e.g. front-of-pack nutrition
labelling, website information, requested information via

The nutrition labelling formats (a) simple tick; (b) traffic light format; (c) monochrome Guideline Daily Amount (GDA); (d) col-our-coded GDA (CGDA)Figure 1
The nutrition labelling formats (a) simple tick; (b) traffic light format; (c) monochrome Guideline Daily 
Amount (GDA); (d) colour-coded GDA (CGDA). Translation Figure 1. 1.a) "eat healthy – stay healthy". Portion size 
(approx. 1 glass) is 200 ml. a-d) one portion (approx. 1 glass) is 200 ml. b-d) wenig: low; mittel: medium; viel: high; Kalorien: cal-
ories; Fett: fat; gesättigte Fettsäuren: saturated fatty acids; Zucker: sugar; Natrium: sodium. 1.c) each portion (200 ml/approx. 1 
glass) contains xx% of your guideline daily amount. 1.d) each portion (20 gm/approx. 1 Tablespoon) contains xx% of your 
guideline daily amount.
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telephone or email) this data was taken and adapted to
the different labels. If product information was not avail-
able the ingredients were calculated in accordance with
the technical guidelines using nutrient content tables or
computerized nutrition content programmes for similar
products [27-30].

Food Label formats
1. A simple healthier choice tick (tick), similar to the
Dutch "Ik kies bewust", the American "smart choices" or
the "pick the tick" logo of New Zealand's National Heart
foundation was given, if the food qualified for the green
colour, for each, sugar, fat, saturated fat and sodium in the
multiple traffic light system. For foods which did not meet
the criteria no logo, but only portion size was shown.
Thus the "tick" label represents a combined evaluation of
the food's nutrient content, whereas the other label for-
mats give separate evaluations for the different nutrients.

2. In the multiple traffic light label system (t-l) the corre-
sponding colour for the content of fat, saturated fat, sugar
and sodium were given. Green, amber and red represent
low, moderate and high contents of the nutrients in the
food product, respectively. The colours are based on con-
centration in grams per 100 g or per 100 ml and the crite-
ria of the UK Food Standards Agency were applied to
assign the colour codes [31]. In addition calories were
shown in neutral colour (white/grey).

3. The Guideline Daily Amount (GDA) labels showed the
amount of fat, saturated fat and sugar and sodium in
grams as well as the kilocalories per portion and the per-
centage of each of these ingredients according to the
"Guideline Daily Amount for women" [32].

4. The colour Coded GDA labels (CGDA) were similar to
the GDA labels. In addition to the specified amounts of
nutrients a green, amber or red colour symbol analogue to
the traffic light criteria was given.

5. As an additional experimental condition we used "no
label" where the foods were shown only with portion size
information without any additional label.

For all five experimental conditions foods were presented
with a specification of portion size in gram or millilitre
and an additional explanation (e.g. "portion size is 200
ml, this equates approximately 1 glass").

After answering some questions on demographic varia-
bles, body weight and height, each subject received a
short, standardised description of the label format of his
or her experimental condition and its meaning and after
that completed two tasks: 1. Pair-wise comparison of
foods and 2. virtual grocery.

Task 1: Pair-wise comparison of foods
Participants were shown pictures (as described above) of
28 food pairs from the following food groups: drinks (3
pairs), fat/oils/sauces (4 pairs), meat/fish/sausages (6
pairs), dairy products (8 pairs), bread/cereals/grain prod-
ucts (3 pairs), fruits/vegetables (1 pair) and candies/
snacks (3 pairs). The selection of the food pairs was made
with the attempt to produce a representative sample of
foods from the different food categories commonly eaten.
Dieticians with experience in applied nutritional counsel-
ling were interviewed to find the appropriate food items.
These food items were selected only if a healthy alterna-
tive was available and commonly eaten. Photographed
foods were shown on cards with portion size information
and food label corresponding to the experimental condi-
tion. Each food pair consisted of a healthier and less
healthy variant. The healthier variant had less fat, satu-
rated fat, sugar, sodium or energy than its counterpart. In
case of bread for e.g. the healthier variant was 'whole grain
bread' and 'whole grain toast' (see Additional file 1).

Participants were informed that the presented food pairs
were labelled with a signpost or, in case of "no label", with
no nutrition label. It was explained, that the purpose of
the study was to investigate whether food labels help to
identify the "healthier variant, particularly with regard to
a healthy body weight" of different foods. Then succes-
sively each pair of food cards was presented and partici-
pants were asked to identify the healthier food in each
pair.

Task 2: Virtual grocery: Envisaged daily food consumption
For the virtual grocery task a shopping situation was sim-
ulated. 78 food pictures (including the 56 from task one)
were placed in front of the participants, arranged in differ-
ent food groups (identical to the categories in task one).
In the same manner as for task 1 each food picture was
labelled with the portion size and the signpost/or not of
the experimental condition to which the participant was
allocated.

The participants were asked to simulate a shopping situa-
tion, in which they select all foods and drinks, they would
like to consume on the next day (e.g. for breakfast, lunch,
dinner, snack). They were told that they could only select
from the presented foods and were asked to specify how
many portions they will buy for the envisaged consump-
tion for the next day.

The presented foods were chosen in order to enable the
participants to compose a day's consumption pattern that
would comply with current dietary guidelines and recom-
mendations [7]. The 78 foods could only represent a small
variety of food items usually available in supermarkets.
Therefore, the participants were asked to imagine being in
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a small "grocery around the corner" with a limited range
of products. In addition they were told that the products'
flavours shown on the photos in particular for yoghurt,
jam or fruits could be substituted by other liked flavours.

In order to assess the possible impact of food labels on
usual food choice the subjects were not explicitly
prompted to make healthy food choices. However, since
the virtual grocery was the second task after having identi-
fied the healthier food variants in task one, and the 56
food pictures from task one were used again in this task,
there might have been an implicit inclination towards
healthy food choices.

Subject recruitment and randomisation
A total of 30 interviewers investigated 14 subjects each.
Each interviewer was asked to recruit a convenience sam-
ple of 7 female and 7 male subjects aged between 18 and
80 years. Subjects with training or work experience in the
nutrition sector (e.g. dieticians, nutritionists, physicians,
fellow dietetic students, etc.) were excluded.

Each of the 30 interviewers was assigned to investigate 2
of the 5 experimental conditions. Since there were 10 pos-
sible pair wise combinations of the 5 conditions (e.g. no
label – simple tick, no label – traffic light ...), 3 interview-
ers were assigned to each of 10 pair wise combinations
using a random number generator. Each interviewer
received a list – again randomly generated – that detailed
the sequence in which his or her 14 interview subjects
were assigned to the experimental conditions. Thus, each
of the 420 subjects was assigned to one experimental con-
dition, i.e. one label format randomly. This procedure
yielded 84 subjects within each of the five experimental
groups.

Statistical analysis
Statistical analyses were done using SPSS Version 16 for
Windows. Descriptive statistics are shown as mean ±
standard deviation unless noted otherwise. From self-
reported body weight and height Body Mass Index (BMI)
was computed as BMI = kg/m2. For task 2 (virtual grocery)
the total energy and nutrient intake as well as the energy
density of the envisaged food consumption was com-
puted using the nutrition information for the sample
foods. Group differences in both tasks were examined
using chi square tests for categorical variables and one way
ANOVAs for continuous variables. To examine significant
differences between means in more detail, post-hoc t-tests
were computed after significant ANOVA results. Since
these post-hoc test had exploratory character we abstained
from adjusting significance levels for multiple testing.

In order to investigate whether sex, educational level and
body weight status had an additional influence two-way
ANOVAs were computed using experimental condition as
the first factor and sex, educational level or weight group
as the second factor. In the analysis of educational level 2
subjects were excluded who did not report an appropriate
answer. For the analysis of weight status two groups were
built: normal weight subjects with a BMI < 25 (including
some underweight subjects) and overweight subjects with
a BMI ≥ 25 (including some obese subjects). The signifi-
cance level for all tests was set to p < 0.05.

Results
Participants
In total, 420 participants took part in this study. 84 sub-
jects participated in each of the 5 experimental groups.
The sample characteristics are described in table 1. The
experimental groups did not differ significantly with
regard to sex distribution (CHI-square = 1.8; df = 4; p =
0.769), average age (F = 0.29; df = 4/415; p = 0.886) aver-

Table 1: Socio-demographic characteristics and BMI of the study participants

No label Tick label Traffic light GDA CGDA Total Sig.

Number (%) 84 (20%) 84 (20%) 84 (20%) 84 (20%) 84 (20%) 420 (100%)
Sex n. s.
- Female (%) 49 (21.8%) 44 (19.6%) 44 (19.6%) 47 (20.9%) 41 (18.2%) 225 (53.6%)
- Male (%) 35 (17.9%) 40 (20.5%) 40 (20.5%) 37 (19.0%) 43 (18.2%) 195 (46.4%)
Age (years) 36 ± 15 36 ± 13 35 ± 13 36 ± 14 38 ± 16 36 ± 14 n. s.
BMI (kg/m2) 23.3 ± 3.1 24.1 ± 3.5 24.1 ± 3.5 23.8 ± 4.0 24.4 ± 4.1 24.0 ± 3.7 n. s.
Education n. s.
- Low1 (%) 3 (7.5%) 12 (30.0%) 7 (17.5%) 7 (17.5%) 11 (27.5%) 40 (9.5%)
- Middle2 (%) 23 (16.5%) 29 (20.9%) 24 (17.3%) 32 (23.0%) 31 (22.3%) 139 (31.1%)
- High3 (%) 58 (24.3%) 42 (17.6%) 52 (21.8%) 45 (18.8%) 42 (17.6%) 239 (56.9%)
- Other (%) - 1 (50%) 1 (50%) - - 2 (0.5%)

1low = no school degree, secondary general school (usually 9 years)
2middle = intermediate secondary schools or special upper secondary school (10 – 12 years)
3high = general higher education or university degree (13 years or more)
n. s.: not significant
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age BMI (F = 1.02; df = 4/415; p = 0.396) and educational
level (CHI-square = 16.0; df = 12; p = 0.19). The BMI
ranged from 17.1 to 43.3. N = 278 subjects (66.2% of the
sample) had a BMI below 25, and n = 142 (33.8%) had a
BMI of 25 or more.

Task one: Pair wise Comparison of foods
Additional file 1 shows the percentage of subjects within
each experimental condition which correctly identified
the healthier alternative in the pair wise comparison of
foods. Significant differences between the percentages of
correct healthy choices were found for 22 of the 28 food
pairs. In 14 comparisons with significant differences the
traffic light label yielded the highest percentage of correct
choices. In addition, the traffic light label yielded the
highest percentage of correct choices in 5 comparisons
without significant differences. The highest percentage of
correct choices was shared with GDA in two food pair
comparisons and with coloured GDA in two other com-
parisons. In 2 comparisons the highest percentage of cor-
rect choices was associated with the GDA label, plus 2
comparisons where the highest percentage of correct
choices was shared with the traffic light label. The col-
oured GDA label shared the highest percentage of correct
choices in two pairs with the traffic light label. The simple
"tick" had the highest percentage of correct choices in four
comparisons (including one without significant differ-
ences); "no label" was only in one pair wise comparison
associated with the highest percentage of correct choices.

The average number of correct choices for each subject dif-
fered significantly between the experimental conditions
and hence the different signpost formats (F = 28.7; df = 4/
415; p < 0.001) (see table 2). The traffic light label yielded
the highest average of 24.8 correct choices between the 28
pairs. The "no label" condition was associated with the

lowest average of correct choices (20.2 of 28 pairs). To
examine these differences in more detail post-hoc t-tests
between each pair of label formats were computed. The
average number of correct choices did not differ signifi-
cantly between the GDA and coloured GDA format. All
other comparisons yielded significant differences in the
number of correct choices between the different label con-
ditions (p < 0.01).

To explore possible influences of gender, educational sta-
tus and weight status additional two-way ANOVAs were
computed. The two-way ANOVA using label format and
sex as independent factors yielded significant main effects
for both label format (F = 30.0; df = 4/410; p < 0.001) and
sex (F = 7.9; df = 1/410; p < 0.01). The interaction between
the two factors was not statistically significant (F = 7.6; df
= 4/410) indicating that the influence of gender did not
differ between the experimental conditions. Inspection of
the means (Table 2) shows that women had a slightly
higher average number of correct choices. The two-way
ANOVA using label format and educational level as inde-
pendent factors yielded only one significant main effect
for label format (F = 11.0; df = 4/403; p < 0.001). Neither
the main effect of education (F 0 1.1; df = 2/403) nor the
interaction (F = 0.9; df = 8/403) attained significance. The
two-way ANOVA using label format and weight group as
independent factors yielded significant main effects of
label format (F = 24.2; df = 4/410; p < 0.001) and weight
group (F = 8.1; df = 1/410; p < 0.01). The interaction
between these factors was not significant (F = 0.2; df = 4/
410) indicating that weight status did not affect the
number of correct decision differentially between the
experimental conditions. An inspection of the means
(Table 2) showed that overweight subjects had a slightly
lower number of correct decisions compared to normal
weight subjects.

Table 2: Mean number of correct healthier choices (± SD) in the pair wise comparison task (Task 1)

No label Tick label Traffic light GDA CGDA Total

Total (1) 20.2 ± 3.2 21.5 ± 2.7 24.8 ± 2.4 22.8 ± 3.2 (a) 23.1 ± 3.1 (a) 22.5 ± 3.3
Sex (2)
- Female 20.7 ± 3.3 22.3 ± 2.0 24.7 ± 2.5 23.2 ± 2.7 23.4 ± 2.3 22.8 ± 2.9
- Male 19.5 ± 2.9 20.8 ± 3.1 24.8 ± 2.3 22.3 ± 3.7 22.8 ± 3.7 22.1 ± 3.6
Education (3)
- Low 19.0 ± 1.7 21.4 ± 2.9 23.6 ± 1.4 23.3 ± 2.4 21.8 ± 5.0 22.1 ± 3.4
- Middle 20.4 ± 3.3 22.2 ± 2.2 24.5 ± 2.9 22.1 ± 4.0 23.2 ± 2.9 22.5 ± 3.4
- High 20.2 ± 3.2 21.3 ± 2.8 25.1 ± 2.2 23.2 ± 2.5 23.4 ± 2.6 22.6 ± 3.2
Weight group (4)
- BMI < 25 20.4 ± 3.4 21.9 ± 2.6 25.0 ± 2.0 23.0 ± 3.0 23.6 ± 2.9 22.8 ± 3.2
- BMI ≥ 25 19.9 ± 2.6 21.0 ± 2.8 24.2 ± 3.0 22.4 ± 3.5 22.2 ± 3.4 21.9 ± 3.4

(1) A one-way ANOVA of experimental conditions (label format) yielded a significant main effect (p < 0.001)
(a) Means were not significantly different in post-hoc t-tests
(2) A two-way ANOVA of label format x sex yielded significant main effects for label format (p < 0.001) and sex (p < 0.01)
(3) A two-way ANOVA of label format x educational level yielded only a significant main effect for label format (p < 0.001).
(4) A two-way ANOVA of label format x weight group yielded significant main effects for label format (p < 0.001) and weight group (p < 0.01)
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Task 2: Envisaged daily food consumption (Virtual grocery)
The envisaged daily consumption of energy and nutrients
which was computed from the food choices in the virtual
grocery task. The means and standard deviations are
described in Additional file 2 for the 5 experimental
groups. A comparison with the corresponding values from
the German national nutrition survey II [33] is provided
in Additional file 3. In all experimental groups the average
daily intake for fat, saturated fat, sugar and sodium was
above the recommendations for daily consumption
(Additional file 2). One way ANOVAs were used to exam-
ine differences between the experimental conditions.
Intakes of energy, nutrients in gram and nutrients as per-
centage of energy intake did not differ significantly
between the examined label formats.

To analyse possible interactions between subject charac-
teristics and label format, additional two-way ANOVAs
were computed using label format as one factor, and sex,
educational level and weight status as the second factor.
The analysis using sex as the second factor yielded signifi-
cant main effects for sex for all outcome parameters except
energy-percent of protein. Men had significantly higher
envisaged consumptions of energy, grams fat, grams satu-
rated fat, grams protein, grams sugar, grams carbohy-
drates, grams sodium, energy percent from fat, energy
percent from saturated fat, lower energy percent from car-
bohydrates, and a higher energy density of chosen foods.
Neither the main effect of food labels nor the interaction
between sex and food labels attained significance, indicat-
ing that these sex differences were similarly present for
each label format.

Using educational level as a second factor, the two-way
ANOVA yielded a significant interaction between label
format and education for sodium intake (in grams) (F =
2.2; df = 8/403; p < 0.05) and protein (in grams) (F = 2.4;
df = 8/403; p < 0.05). All other effects did not reach statis-
tical significance. Higher sodium intake was associated
with higher education in the traffic light and coloured
GDA condition, but with lower educational level in the
simple tick condition (means are not presented in this
paper). No systematic variation was found for the two
other labels. For proteins, increasing educational level was
associated with lower intake in the simple tick condition,
with higher intake in the traffic light condition and with
no systematic relationship in the other label conditions.

In the analysis using weight status as a second factor only
the two-way ANOVA on energy percent from carbohy-
drates yielded significant main effects of experimental
condition (F = 2.8; df = 4/410; p < 0.05) and BMI group
(F = 5.0; df = 1/410; p < 0.05). An inspection of the means
(not presented in detail in this paper) showed that normal
weight subjects had higher energy percentages from car-

bohydrates than overweight subjects. The energy percent
from carbohydrates was lowest in the CGDA-condition
and highest in the "no label" condition (see Additional
file 2).

Discussion and conclusion
Aim of the present paper was to investigate whether differ-
ent formats of signpost food labels help consumers to dif-
ferentiate between healthy foods, healthy particularly
with respect to body weight, and less healthy foods, and
whether they are likely to have an impact on consumers'
food choices.

So far some research has been conducted on the subjective
understanding of nutrition information. Studies show,
that consumers think they do understand the nutrition
information on food packages correctly which has been
called subjective understanding [25]. However, less work
has been done to assess the actual, objective understand-
ing of such information. In our study we assessed the
objective understanding of nutrition information given in
different signpost food label formats by testing whether
subjects were actually able to identify the healthier food
variants.

Results from our study clearly indicate that signpost labels
help to identify healthier foods better than un-labelled
food. We also found differences in the efficacy of the dif-
ferent label formats to support the correct decision about
healthier food variants. In our study, clearly, the multiple
traffic light system showed the best performance. For most
of the pair-wise comparisons the traffic light format
showed the highest percentage of correct choices, and also
the overall number of correct decisions was highest in this
format. However, the differences between the different
label formats were only moderate. Without any signpost
label, the study participants correctly identified the
healthier food in 20.2 of 28 pair-wise comparisons, while
in the multiple traffic light label system correct choices
were made in 24.8 of 28 cases. The simple "healthy
choice" tick, the monochrome GDA label and the col-
oured GDA label resulted in an average number of correct
decisions between no label and multiple traffic light label.
Interestingly enough, adding traffic light colours to the
monochrome GDA showed only a modest, statistically
not significant increase in the number of correct choices.
The results point partially to foods or food groups where
food labels may be of particular value. In our dataset with-
out food labels only a minority of subjects was able to
identify milk chocolate as the healthier alternative in
terms of fat, saturated fat and sugar. And even with food
labels a large portion of subjects comes to a wrong deci-
sion regarding the "healthy variant particularly with
regard to a healthy body weight". Presumably people use
in their health evaluations knowledge from the media
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which portrayed dark chocolate as healthy due to its
health protecting ingredients as e.g. flavonoids. Such
information seems to overwrite other information even if
people are prompted to consider body weight.

In addition we did not find that the various signpost for-
mats affected the different subject groups differently. In
general, women in comparison to men and normal
weight subjects in comparison to overweight subjects had
a higher number of correct decisions, but since this was
the case for all experimental conditions it was independ-
ent from the label format. Interestingly enough, we also
failed to find an influence of education status on the
number of correct decisions.

These outcomes are consistent with research from the
Food Standards Agency, London (FSA) where consumers
could imagine using food label information, especially
when the information is colour-coded, and in cases where
there is a range of product alternatives in the same product
category, the items may differ in their "colour range"
[25,34]. A recent study, which is not fully published yet,
revealed a good understanding of the nutrition labelling
schemes used in the UK. Most consumers were able to
rank food products correctly in terms of healthiness
regardless of the labelling system [20,35]. This corre-
sponds to the only modest difference in the number of
correct decisions of healthier food choices among the dif-
ferent food label formats in our study.

If nutrition information given in the form of signpost
food labels has an impact on the perceived healthiness of
foods, it is an independent question whether the per-
ceived healthiness is likely to ultimately influence food
choice and food intake.

A recent pre-published study shows that only one in four
shoppers actually looks for nutrition information on food
packages in supermarkets [20]. It is obvious that most
consumers read nutrition information when exposed to it
accidentally rather than seeking for it deliberately [25]. In
addition, label use is negatively linked to time pressure
[25]. On average European consumers spend between 25
seconds (UK) and 47 seconds (Hungary) per product
bought in a supermarket [35]. Consequently several situ-
ational, behavioural and attitudinal factors like income,
time or household size have an effect on the use of on-
pack nutrition information and therefore influence on the
food choices [14]. Furthermore, nutrition labelling is only
one of several information sources available to consum-
ers. Media, advertising and promotion activities can also
affect consumers' choices [10,36]. This may prompt nutri-
tionists to consider the limitations of nutrition labels for
health promotion [21].

Former research has shown that the self-reported use of
food labels is associated with lower fat intake [37-39] and
higher fruit and vegetable intake [37]. However, the causal
nature of this association is not quite clear. Indeed, results
from a study by Lin et al. [40] suggests that lower intake of
fat, saturated fats and cholesterol will increase the proba-
bility of searching for information about these nutrients.
In line with such considerations is the finding that prior
nutritional knowledge predicts the use of food labels [41].

A recently published study found that subjects had the
intention to change their future food choice when they
were exposed to signpost labels of food products they usu-
ally eat and of food products that represented healthier
variants of comparable food [26]. Subjects reported an
intended increase of consumption frequency of less than
one portion every two weeks of the healthier food vari-
ants. In addition they reported an intended decrease of
consumption frequency of one portion per week of the
usually eaten food for which they had been shown a
healthier variant. There was no significant difference
between different label formats.

In our study we asked our subjects to select foods they
would like to eat during one day from a "virtual grocery".
The resulting envisaged one day's food consumption was
quite realistic, even though the total energy intake was
slightly higher than the average energy intake in Germany,
particularly in men [33]. In line with the results of
Feunekes et al. [26] we could not find an influence of food
label formats on any parameter of food consumption:
Neither energy intake nor any of the examined nutrients
or energy density of total envisaged food intake varied
between the different experimental conditions. This pat-
tern of results was maintained even if subject characteris-
tics like gender, educational level or weight status were
taken into account. For most parameters we found no sta-
tistical interaction of label format and subject characteris-
tics indicating that the effect of label format was the same
within each subject group. The only exceptions were
sodium and protein intake in relation to educational
level. However these variations were neither large nor sys-
tematic. These few significant interactions could be attrib-
uted to the multiple tests in this explanatory analysis.

Hence, results from the second task of our study show that
even if a food's perceived healthiness is influenced by
using signpost labels this is unlikely to have any major
impact on the actual food choice.

This is in line with results from Grunert and Wills' review
[25]: when buying intentions for products with or without
signposts (health logos, traffic light, GDA-based systems)
were measured, the use of labels would not prevent con-
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sumers from eating products which they like for their taste
[25].

Despite the finding that food labels have no major impact
on individual food choices, one effect of nutrition label-
ling – in particular with prominent symbols like traffic
lights – could be the production of more healthy food
products as manufacturers might wish to make their prod-
ucts more attractive with more favourable signposts [10].
This is endorsed by observations from Sainsbury's and
Tesco which seem to indicate that, after introduction of
their signposting system (the Wheel of Health, a colour-
coded GDA system, for Sainsbury's and a not colour-
coded GDA system for Tesco), sales of some healthier
products went up whereas sales of comparable products
with less favourable nutrient information went down
[25]. Such changes would imply that signposting does
change individual shopping behaviour. However, to our
knowledge, the methods used and conclusions drawn
from the Sainsbury's and Tesco findings have not been sci-
entifically reported and can therefore be given only little
credence.

Our study has some limitations which have to be dis-
cussed before drawing conclusions. First of all, our study
sample was a convenience sample of adults recruited in
the area of Hamburg (Germany). Thus our sample can not
be considered as representative of the general population.
This is particularly true, since we had a considerably
higher number of subjects with high educational level
than would be expected in a representative sample. We
did not test or investigate nutrition knowledge of our sub-
jects. Thus we can not exclude that a particular level of
nutrition knowledge in our sample has contributed to our
findings. In addition, owing to the fact that the interview-
ers recruited the study participants themselves, the poten-
tial for interviewer bias might be higher as the
interviewers may have been more prone to recruit specific
socio-demographic types, which could have influenced
the results. However, given this limitation, analyses taking
into account the different levels of education did not find
any hints that educational level differentially affected the
understanding of food labels, the perceived healthiness of
foods resulting from the understanding of the food labels
or the intended/envisaged consumption of food labelled
in different formats. Nevertheless, increasing the sample
size or including a substantially higher number of subjects
with low educational status might increase the power to
detect differences related to education which we missed
with our convenience sample. In addition, our findings
may not be valid for consumers in other countries, and we
can not extrapolate from our findings in adults the possi-
ble impact food labels could have in children and adoles-
cents.

A second limitation stems from the fact that we could only
use a limited number of food items in our study. How-
ever, in investigating the understanding of food labels and
the resulting perceived healthiness of foods we used 28
pairs of foods from different food groups which is consid-
erably more than has been used in other studies [26,35].
In the second task of selecting food items for envisaged
one-day consumption in a virtual grocery again we used
only 78 foods, which is a very small number compared to
the thousands of different products available in real
supermarkets. Nevertheless, our subjects did not com-
plain about this limitation and the resulting envisaged
intakes were quite equivalent to average German con-
sumption patterns with a slightly elevated energy intake in
our study subjects, particularly in men. In addition to the
limited number of foods, some bias might result from the
fact that within the different food groups, different
number of foods or food pairs were selected for the exper-
imental procedure. The results of the pair-wise compari-
son task indicated that different labelling systems
favoured different products. Thus the results may be
biased by the over-representation of some product
groups, e.g. we used 8 dairy product pairs in which the
traffic light system most often produced the highest per-
centage of correct responses, but only three grain/cereal
comparison in which the simple "tick" logo yielded the
highest percentage of correct responses. Therefore a differ-
ent composition of the number of foods within each food
group may yield different results.

Of course, a third important limitation is that we exam-
ined only virtual, intended or envisaged food consump-
tion and not real shopping or consumption behaviour.
The selection of foods in this task for the envisaged con-
sumption during one day, of course, is a rather artificial
experimental situation. Thus, in real shopping situations
a number of different factors and processes may influence
shopping decisions and food choice. For example, promo-
tion activities and discount offers may influence the shop-
ping behaviour as well as shopping habits in a super-
market that is familiar to the subject. In addition, in real
life people eventually eat what they have bought, in this
virtual task they were aware that their shopping choice
was without real consequences. These differences may
have biased our results. However, since we were interested
in examining the influence of different food label formats
on food choice there is little reason to believe that the
labels would result in differences in real behaviour
whereas they did not result in differences in our virtual,
experimental situation. In addition, the experimental sit-
uation and the limited number of foods may contribute to
the lack of differences in the virtual grocery task. The pair-
wise comparison task showed that, overall there were only
modest differences between the different label formats.
Given these small differences it may be suspected that
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subjects would select a similar diet if they were asked to
present a healthy food choice to the interviewer as might
be implied by the experimental context. Thus, we can not
exclude that a wider selection of foods might yield a better
chance for the different labels format to produce differ-
ences in food choice.

A forth limitation lies in the criteria which we used for
assigning the "tick" label. The "tick" label was only given,
when all of the criteria to award the "green" colour for fat,
saturated fat, sugar and sodium were fulfilled. This may
represent a rather restrictive approach. Therefore results
may be different if other approaches or criteria are used.

A fifth limitation is related to our conclusions regarding
different body weight groups. We calculated BMI from
self-reported weight and height which is known to be
inaccurate and have restricted validity. Thus some of the
subjects might have been misclassified as normal weight
or overweight, and we can not exclude that results from
weight related analyses would be slightly different if we
had actually measured weight and height. However, all
other inferences should not be influenced by this limita-
tion.

Keeping in view of the limitations mentioned above, the
results from our study would justify the following conclu-
sions: (1) Signpost food labels may influence the per-
ceived healthiness of food products by the consumer. (2)
Different label formats differ in how effectively they help
the consumer to identify the more healthy food when
comparing different foods from the same food category.
In our study, clearly the multiple traffic light format
helped consumers most, to identify the healthier variant
of foods. However, currently in real life, the German con-
sumers are only exposed to the GDA food labels which are
voluntarily printed on the products. Therefore, it is not
clear whether the understanding of food labels will
change when one or the other label format comes into
wider use and becomes more familiar to consumers. In
addition, for the sample foods of our study the decision
which variant of a food was more or less healthy was
unambiguous because the differences between the vari-
ants were only for one nutrient or for multiple nutrients
in the same direction. It remains totally unclear how con-
sumers would evaluate the healthiness of foods in a com-
parison where one food has for example a high sugar and
low fat content whereas the other has a high fat, but low
sugar content. (3) Despite the fact that food labels may
influence the perceived healthiness of foods by the con-
sumers, this is unlikely to have a major impact on food
choice and consumption. Thus, there is little reason to
assume that signpost food labels will be an effective
instrument in the prevention of overweight and diet
related diseases.

In our study, we were not able to address a number of
issues and questions which should be addressed by future
research. Children and adolescents are an important tar-
get group for the prevention of overweight and diet
related diseases. Which type of food labels helps them
best to differentiate between more or less healthy foods?
Children and adolescents with migrant background have
a particularly high prevalence of overweight and obesity
in Germany [4]. Are there cultural differences in the
understanding and use of food labels in groups with
migrant and non-migrant background? Although we did
not find differences in the understanding und use of food
labels between different educational levels in our study, it
may be useful to address socio-economic status as a pri-
mary variable in specifically designed studies. We also did
not include motivational or attitudinal variables in our
study. Future studies should examine whether subjects
with different attitudes and/or motivations differ in their
understanding of and profit from the use of different food
labels. In addition, systematically examining, how other
factors, particularly attitudinal and motivational variables
that influence food choice, may be changed in order to
achieve healthier food choices in different target popula-
tion groups, may yield valuable information.
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