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bstract

Poor or unbalanced nutrition, or both, is linked to the development of a variety of diseases, including cardiovascular disease, obesity, and
iabetes mellitus, which collectively represent significant causes of disability and premature death and impose a substantial economic burden.
s a result, health authorities and regulatory bodies across Europe are implementing policies to promote healthy eating habits with the aim

o attenuate the burgeoning incidence of diet-related diseases. In order to support these efforts, and within the context of a project dedicated
o interrelations between nutrition and atherosclerosis, European experts convened on October 24, 2008 at a Session on “Healthy food and
ealthy choices: A new European profile approach,” during an international symposium in Venice, Italy. The aim of this session was to review
ssues relating to dietary policies, eating behaviour, food labelling, and nutritional profiling of foods. The present article highlights the key
oints of this session. Since eating takes place in a behavioural, social, and cultural context, a more relaxed pattern of interacting with food
eeds to be fostered, especially in children. Excessive regulation alone is insufficient and probably counter-productive to substantially impact
opulation eating practices because automatic behaviour dominates our decision-making process with respect to food choices. Consumers
rgently need simple, practical tools to help them make healthy food choices in a real-life setting. Front of pack labelling allows consumers

o see the levels of key nutrients in foods; nevertheless more research is needed to assess how people use the different food labelling systems
n real-life contexts. While policy changes including legislation and regulation can play an important role in changing behaviour, individuals
eed more assistance, education, and tools to help them to increase their personal responsibility for their health particularly with respect to diet.
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Non-communicable diseases (NCDs) such as obesity, dia-
etes mellitus, cardiovascular disease (CVD), stroke, and
ancer are becoming increasingly significant causes of dis-
bility and premature death and are creating a substantial
conomic burden on national health budgets in developed
nd developing countries alike [1]. Since the occurrence of
variety of NCDs is linked to poor or unbalanced nutri-

ion, or both (beginning as early as infancy or even in utero),
his socio-economic burden is likely to escalate if the present

lobal dietary trend continues unabated, particularly against
backdrop of reduced energy expenditures of individuals

2]. Indeed, according to the World Health Organisation
WHO) Europe, a combination of two factors – deviation
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rom recommended diets and an energy intake surpassing
aily requirements – represent the major contributing factors
o the alarming increase in obesity and its clinical sequelae
3]. In light of this deleterious shift in nutritional dynamics,
ealth authorities and regulatory bodies in countries across
urope are at various stages of formulating, evaluating, and
xecuting policies to promote healthy eating habits with the
ong term goal of preventing or attenuating the burgeoning
ncidence of diet-related diseases.

In order to bolster and support the efforts of nutritional
olicy programs at the country level, the EU has recently
eveloped comprehensive regulatory guidelines on health
laims and nutritional profiles of foods. These recommen-
ations are complemented by the European Technology
latform on Food for Life (launched in Brussels on July
, 2005) whose mission is to promote the development of
mproved food products that positively impact public health
nd the quality of life of consumers across Europe. Recog-
ising that a well-balanced diet is a cornerstone of good
ealth, WHO Europe has also put forward a comprehensive
ction plan for food and nutrition policy to tackle NCDs.
his wide-ranging plan recommends, for example, provid-

ng comprehensive and understandable information on health
utrition, engaging health care providers to influence individ-
als’ diet and lifestyle choices, and instituting surveillance
ystems for nutritional status, food consumption, and physi-
al activity patterns [3].

To help support the activities of these organisations as
ell as EU and national parliaments and public health policy
akers with respect to dietary policies, food labelling, and

ssessing the nutritional profile of foods, a panel of European
xperts in public health, nutrition, and behavioural sciences
as convened by the Giovanni Lorenzini Medical Science
oundation in the Session on “Healthy food and healthy
hoices: A new European profile approach,” in Venice, Italy,
n October 24, 2008. The purpose of this Session was to
eview and discuss the following issues:

Translating nutrients into healthy foods and healthy eating
patterns.
Understanding the decision-making process in food
choice.

Healthy food and healthy choices: lessons from France.
The impact of healthier food labelling in the United King-
dom.

able 1
pproaches to translating nutrients into foods and food patterns.

SDA pyramid [5]
AR (nutrient adequacy ratio) [6]
QI (nutrition quality index) [7]
RR (recommended to restricted ratio) [8]
FN (calories-for-nutrient score) [9]
NR (naturally nutrient-rich score) [10]
I (Mediterranean index) [11]

U food-based dietary guidelines [12]
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Assessment of nutritional profiles using a novel system
based on a comprehensive approach and its successful
preliminary application in Italy.

This article summarises the broad range of material pre-
ented and discussed during the meeting and comments on
he conclusions made.

. A report from a Session held at the 7th
nternational Symposium on Multiple Risk Factors in
ardiovascular Diseases: Prevention and

ntervention—Health Policy, in Venice, Italy, on 24
ctober, 2008

peakers: V. Azaïs-Braesco, F. Brighenti, P. Scarborough,
. Visioli, C. Vögele

RANSLATING NUTRIENTS INTO HEALTHY
OODS AND HEALTHY EATING PATTERNS

. Brighenti
In light of the relationship between diet and health, con-

iderable attention has been traditionally focussed on nutrient
dequacy. Numerous systems have been issued by regula-
ory and health agencies to reflect the Dietary Recommended
alues (DRV), including for example the Recommended
aily Allowance (RDA), Dietary Reference Intakes (DRI)

4], Estimated Safe and Adequate Daily Dietary Intake (ADI),
nd Upper Tolerable Limit (UL). The problem arises, how-
ver, when translating nutrient recommendations into healthy
oods and healthy eating patterns. Over the years, a plethora of
ietary guidelines and food classification models have been
roffered to help individuals plan and assess food choices
ased on nutrient composition (Table 1) [5–12]. As a conse-
uence of these types of dietary guidelines, two side effects
merge: (1) the need for labelling schemes that can be easily
nderstood by consumers and (2) the need for law enforce-
ent to ensure that labels truly reflect food composition and

o protect consumers against deceptive advertising.
Some of the popular nutrition labelling systems cur-

ently used in European markets include traffic-lights [13],
reen Keyhole [14], Confédération des industries Agro-
limentaires de l’UE guidance daily amounts (CIAA GDAs)

15], Unilever Choices [16], PepsiCo Smartspot [17], and 5
DAY [18]. How consumers perceive, understand, like, and

se nutritional information on food labels and the impact of
abelling on consumer food purchases are reviewed in detail
n subsequent sections.

Law enforcement issues in relation to nutrition labelling
nd advertising are currently a hotly debated topic across
urope, especially in the context of the wider public debate

bout ill-health due to dietary imbalance and the seemingly
nexorable rise in incidence of obesity in adults and children.
n this regard, one piece of legislation in the UK serves as
valuable benchmark for television advertising to children
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19]. Ofcom, the independent regulator of television, radio,
elecommunications and wireless communications services
n the UK, recently introduced restrictions on the televi-
ion advertising of food and drink products specifically to
hildren. These wide-ranging scheduling restrictions applied
pecifically to food and drink products high in fat, salt and
ugar (HFSS) and included a total ban on HFSS food and
rink advertisements in and around all programmes appeal-
ng to children under 16. In addition, content rules, such as
anning the use of celebrities, applied to all food and drink
dvertising to children regardless of program scheduling.

The European Food Safety Authority (EFSA) has also
ecently issued guidelines indicating the nutrient profiles that
oods (or certain groups of foods) must contain to support
utrition and health claims [20]. It is expected that enforce-
ent of this type of legislation will be invaluable to avoid

onsumers being misled with nutrition or health claims as
hey try to make healthy food choices.

While nutritional guidelines and regulations are useful
ools to help correct a dietary imbalance in countries across
he EU, the scientific evidence upon which they are based

ust be critically evaluated and regularly updated to promptly
ccommodate changes in scientific beliefs and medical opin-
ons that inevitably happen over time. For example, in the
970s, nuts were considered unhealthy because of their
atty, energy-dense composition; however, in recent years a
aradigm shift has occurred and now nuts are considered to
e qualifying components for healthy diets [21]. Finally, it
s important not to forget that nutritional profiling can be
sed effectively to identify foods with good nutritional qual-
ty relative to their price [22], and this may prove helpful
n overcoming the economic barriers (faced by many lower
ncome members of society) to a more wide spread adoption
f healthy food choices.

NDERSTANDING THE DECISION-MAKING PRO-
ESS IN FOOD CHOICE: REASON, DRIVE OR
EARNED BEHAVIOUR?

. Vögele
It is currently estimated that a positive change in health

ehaviour has the potential to substantially reduce the global
isease burden (diabetes by >80%, coronary heart disease
CHD] by >80%, colon cancer by >70%, and stroke by >70%)
nd to markedly increase the overall life expectancy of the
opulation by an average of 9.3 years [23]. Nevertheless, the
ey question is how to achieve a meaningful positive change
n health behaviour of the population.

he Challenge of Changing Health Behaviour
Based on models from economics, health experts and

oliticians often make the assumption that humans are ratio-
al decision makers, capable of maximising their own welfare
nd making perfectly informed decisions when given suffi-

ient information. In terms of dietary behaviour, for example,
he assumption is that, given the right information and moti-
ation, people can successfully reduce their food intake to
atch their caloric expenditure over the long term. Efforts

p
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i
a
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o treat and prevent obesity at a population level, therefore,
epend to a large degree on educating people to regulate
heir food intake through publicising general guidelines on
utrition, promoting tailored diets, and labelling foods with
utrition information. The continued growth of the obe-
ity epidemic despite the employment of these techniques
hould make people question the assumptions underlying
hese approaches.

nformation Overload Negatively Impacts Food Choices
Policy makers also often embrace the psychological con-

ept that having personal choices has positive affective and
otivational consequences [24]—in other words, the more

nformation and the more choices the better. Unfortunately,
oo much information or too many choices can actually
ave the opposite effect, with consumers becoming over-
helmed and ultimately avoiding making any decision or

hoice.
Food labelling, in particular, is considered a tool that

nables consumers to choose healthier foods and negotiate
heir way through today’s ‘obesogenic society’ more suc-
essfully. While it is often asserted that more choices increase
ntrinsic motivation, perceived control, and life satisfaction,
he evidence of such effects is ambiguous. Existing studies
ften provide contradictory or inconclusive results linking
ealth claims and food choice [25]. One potential reason for
his lack of association may be the limited capacity of humans
o process more than 7 (±2) pieces of information at any
ne point in time. Any more information may lead to option
aralysis.

The concept of option paralysis – that is, the tendency,
hen given unlimited choices, to make none – is illustrated
y a series of elegant psychological studies showing that con-
umers buy less if given more choices. In a field study by
yengar and Lepper [24], a table in a delicatessen shop was
et with a display of either 6 or 24 jars of exotic jams. These
nvestigators found that customers purchased more jars when
resented with a limited array of 6 choices than they did when
ffered a more extensive array of 24 choices (30% vs. 3%,
espectively).

ecision-Making in Relation to Eating
The assumption that humans are rational decision makers

mplies that eating is a conscious act. Nevertheless, most rou-
ine behaviours such as eating do not typically originate with
conscious decision, and are, therefore, probably automatic

26]. It is estimated that only approximately 5% of the brain’s
nformation processing capacity is dedicated to conscious
ecision-making at any one point in time. Thus, conscious
ontrol over eating is the exception not the rule, and, in this
etting, self-regulation can easily be depleted. Evidence of
elf-regulatory depletion comes from a study by Baumeis-
er and colleagues in 1998 in which people were asked to

erform two consecutive acts of self-regulation [27]. Study
articipants who were asked to resist chocolate chip cook-
es for 20 min performed worse when subsequently solving
puzzle than those not shown cookies.
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Compared to other western societies, the French eat dif-
ig. 1. Snack ranking in children 5 years of age with normal-weight mothers.
igs. 1 and 2 from Vögele et al. with permission [29].

From the perspective of food choices and promoting
ealthy eating practices, the drivers of impulse decision-
aking need to be carefully delineated. It is clear that humans

re born with certain innate preferences for sugar and fat, as
videnced by early studies with newborns in which distinc-
ive and recognisable facial expressions could be elicited by
asting salty, sour, bitter, and sweet [28]. Nevertheless, there
re large inter-individual differences in food preferences.

Impulse decision-making in relation to food choices can
lso be influenced by learned behaviour (or imprinting), cul-
ural factors (e.g., fried scorpions or fried tarantula legs may
e considered a delicacy in some countries, but repulsive
n others), and conditioned learning (including conditioned
references), whereby eating is linked to a certain behaviour
uch as watching television. Conditioned learning can also
ccur in a reward setting, as illustrated in a study by Vögele
nd colleagues, which examined children’s snacking prefer-
nces in relation to their mother’s weight status (overweight
r normal-weight) [29]. Children were asked to rank 5
ealthy snacks (e.g., raw vegetables or low-fat yoghurt) and 5
nhealthy, calorie-dense snacks (e.g., cookies, potato chips)
n both the presence and absence of their respective moth-
rs. As a group, children from normal-weight mothers chose
ore or less the same snacks with or without the mother being

resent (Fig. 1). In contrast, children from overweight moth-
rs chose more unhealthy snacks as their preference when the
others were not there and healthy ones when the mothers
ere present (Fig. 2).
These findings indicate that the mothers were passing on

he message of healthy eating or unhealthy eating, depending
n whether they were normal-weight or overweight, to their
hildren at a very early age. Overweight mothers have much
ore reason to be concerned about healthy eating, and their

hildren’s snack food ranking when their mother was present
robably illustrates the mothers’ attempts to educate their
hildren in healthy eating practices. Nevertheless, the chil-

ren’s ranking behaviour when on their own clearly shows
hat such rational food choices are replaced by preferences
hat are driven by other factors.

f
t
t

ig. 2. Snack ranking in children 5 years of age with overweight mothers.

Collectively, the studies summarised above indicate that
ating behaviour does involve a component of reason, but
ognitive factors such as information are probably less
mportant for the decision-making process than previously
ssumed. More importantly, eating behaviour is driven by
utomatic behaviours (both innate and learned) that occur
ithout awareness, are initiated without intention, continue

once initiated) without control, and operate efficiently or
ith little effort. Since automatic behaviour dominates our
ecision-making (including our food choices), simply edu-
ating people in what is healthy will not substantially impact
heir eating practices. Furthermore, when this automatic
ehaviour is replaced by excessive control, eating disorders
ay arise.
In summary, it is clear that health promotion messages

ust be simple, clear and consistent. Early interventions
re important to facilitate the psychological processes (e.g.,
mprinting and learning) that form automatic behaviours.
lexible control is preferable to rigid control—cognitive con-

rol is fallible, rigid control increases the risk of all-or-nothing
trategies. Pre-conscious processes (intuition, gut-feeling,
tc.) largely determine consumer behaviour.

EALTHY FOODS AND HEALTHY CHOICES:
ESSONS FROM FRANCE

. Azaïs-Braesco
Although considered a country of “good life and good

ood”, France actually has the same kind of relationship with
ood and health as anywhere else. However, it is fair to say
hat a French paradox does appear to exist in that the archety-
al slender profile of French people occurs against a backdrop
f a diet dominated by high-fat foods (rich sauces, red meat,
nd cheese) and accompanied by significant intake of wine.
o understand this paradox, one must consider not only what
culture eats but also how it eats—in other words, it is impor-

ant consider the relationship of people with food not simply
he food’s nutritional composition.
erently in that they consume most of their food at meal
imes shared with others, they spend a much longer period of
ime eating their meals, and they rarely snack between meals
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Table 2
Priority nutrition objectives.

Objective Desired outcome

Increase fruit and vegetable consumption Reduce the number of low consumers by ≥25% (i.e., 45% of the population)

Increase calcium consumption Reduce the number of people with a lower than recommended calcium intake, and
the prevalence of vitamin D deficiency, by 25%

Reduce the average proportion of lipids in the daily energy intake Reduce daily energy intake from fats to <35%, and reduce the average
consumption of saturated fats by 25% (<35% of total fat intake)

Increase the consumption of carbohydrates Achieve daily energy intake from carbohydrates of 50% by encouraging
consumption of starchy foods, reducing the intake of simple sugars by 25%, and
increasing dietary fibre by 50%

Reduce alcohol consumption per capita Achieve a goal of <8.5 L per year per person (a 20% reduction)

Reduce mean blood cholesterol level (LDL-C) Achieve a 5% reduction in LDL-C in adults

Reduce the average systolic blood pressure Achieve a 2–3 mm Hg reduction in adults

Reduce the prevalence of excess weight and obesity (BMI >25 kg/m2) Achieve a prevalence rate below 33% in adults and put a halt to the increasing
prevalence of excess weight and obesity in children

Increase daily exercise Achieve a 25% increase in the number of people of all ages doing the equivalent of
30 min
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DL-C = low density lipoprotein-cholesterol and BMI = body mass index.

30]. The differences between the French and Americans in
heir relationship with food are illustrated by the results of a
ociological study of eating habits of French-speaking sub-
ects (French and some Swiss) and English-speaking subjects
the US and UK) [31]. When asked what “eating well” meant
or them, Americans immediately mentioned health; in con-
rast, health came far after pleasure for the French. The study
lso jokingly referred to the two styles of eating as “the sta-
le” for the US (where individuals could eat anytime of day)
nd “the Zoo” for the French (where individuals eat at set
eeding times). As a consequence, the French pattern of eat-
ng contributes to the overall consumption of fewer calories
hile maximising gustatory enjoyment by engaging all the

enses.
To paraphrase Paul Rozin, Professor of Psychology, Uni-

ersity of Pennsylvania, Pennsylvania, USA, in the domain of
ood, French people have created a more pleasant and relaxed
attern of interaction, without paying a health price [32]. This
nding may explain, in part, why the prevalence of obesity

n France is twice or three times less than that observed in
ther countries (e.g., the USA). Nevertheless, obesity and
iet-related diseases in France, like many other European
ountries, are steadily increasing, especially in children, and
his had led public health authorities to undertake appropri-
te action to promote better nutrition. However, as noted
y Xavier Bertrand, Minister of Health and Solidarity, in
eptember 2006, France’s second national nutrition program
as attempted to make dietary recommendations while pre-
erving France’s culinary heritage.
rench Health and Nutrition National Programme
PNNS)

The French National Nutrition and Health Program
PNNS) [33], implemented in 2001, is a government-

a

n
b

of moderate exercise at ≥5 times per week (i.e., 75% of men and 50% of

ponsored collaboration between the public and private
ectors with a mission to improve the health of the French
opulation and to reduce risk factors for chronic disease
y focusing on nutrition. As summarised in Table 2, the
NNS program proposed nine priority nutritional objectives

o improve specific outcomes in the general population.
The key approaches of the PNNS to achieve these goals

entre on several strategies: (1) Educate and inform con-
umers about healthy food choices, particularly with respect
o nutrition labelling and consumer guidelines; (2) Iden-
ify, treat, and prevent eating disorders, particularly with
espect to childhood, adolescent, and adult obesity and under-
utrition; (3) Target specific population groups, especially
ith respect to improving nutrition for different ages, and

mprove food aid for people in disadvantaged circumstances;
nd (4) Improve the food supply by partnering with the food
ndustry and agribusiness and formalising commitments to
rogress as well as creating an observatory of food quality.

With respect to formalising commitments to progress, the
rench government has given economic operators in the var-

ous branches of the food sector the opportunity to develop
harters of commitment to nutritional progress, preferably on
joint basis but also individually.

The terms of these charters depend on the specific features
f the businesses and products concerned. These commit-
ent charters mainly focus on the nutritional composition of

roducts, the size of portions, communication and advertising
especially targeting children), and the availability of prod-
cts among disadvantaged populations (actions on prices,
tc.). As of October 2008, seven such charters have been

ccepted and their number is increasing.

It is important to note, that the PNNS does not include
utrient profiling. However, this issue is addressed in France
y two systems. The first is the SAIN LIM system proposed
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y the French agency (Agence française de sécurité sani-
aire des aliments [www.afssa.fr]). This method assesses the
avourable or healthy aspects (SAIN) and unfavourable or
nhealthy aspects (LIM) of each food, thereby allowing allo-
ation into one of 4 categories: (1) Recommended for health;
2) Neutral; (3) Recommended in small quantities or occa-
ionally; (4) Consumption should be limited. Another system
Nutrimap®) quantifies nutritional assets and weaknesses of
oods [34]. However, from the French perspective, a key issue
o contemplate going forward is whether or not nutrient pro-
ling, as currently understood, represents a good tool to keep
“relaxed” attitude to food.

MPACT OF HEALTHIER FOOD LABELLING IN
HE UK

. Scarborough
Front of pack (FOP) nutrition labelling represents one

omponent of the UK Government’s broader programme of
ctivities addressing a spectrum of diet-related public health
ssues. The main objective of FOP labelling is to allow con-
umers to clearly see and comprehend the levels of key
utrients in foods sold through retails outlets. The UK Gov-
rnment, recognising the political pressure to intervene in
he obesity epidemic, developed an informative FOP food
abelling system referred to as traffic-lights [13,35]. This sys-
em, used by a variety of major supermarket chains, employs

colour coding system of red, amber, or green to indicate
hether a food item is high, medium, or low, respectively,

n the following nutrients: total fat, saturated fat, total sug-
rs, and salt. In addition, some retailers and manufacturers
ave developed their own FOP labelling systems, the most
otable of which is the percent Guideline Daily Amount
GDA). The GDA system, recommended by the Food and
rink Federation, provides similar nutritional information to

he traffic-light system but expresses the calories, sugar, fat,
aturated fat, and salt of a particular food as a percentage of
he recommended daily allowance.

tudies Assessing the Impact of Labelling Schemes in the
K
Research on how well these two labelling systems can help

eople achieve a healthier diet in the UK comes from several
erformance studies, including studies funded by the Food
tandards Agency (FSA, a UK government agency) and the
uropean Food Information Council (EUFIC) research, as
ell as sales data analysis and reviews.

ood Standards Agency Studies
The FSA-funded performance studies represent the most

omprehensive evaluation of FOP labelling in the UK and
etermined how FOP labels (traffic-lights, percent GDA,
nd single symbols) are understood and used by shoppers.
he studies involved a variety of research methodologies,
ncluding accompanying shoppers in stores to observe the
ecision-making processes, in-store and in-home shopping
ag audits, and a random survey of shoppers in the UK.
n 2005, an FSA-funded project compared the performance

‘

S

a

plements 10 (2009) 1–11

f traffic-light and percent GDA schemes and found that
he traffic-light labelling performed significantly better than
he percent GDA labels at allowing consumers to compre-
end nutrient levels [36]. More recently, a study aimed at
omparing comprehension of nutritional characteristics and
onsumer preference found that the optimal FOP labelling
cheme was traffic-light labelling system that includes infor-
ation about GDAs of individual nutrients [37].
In January 2007, the Omnibus survey of consumers in

he UK (a regular monthly representative survey of around
000 consumers) included a section on FOP labelling, and
ound that only 35% of respondents were aware that GDAs
epresent maximums for salt, sugar, and fat; in contrast, 76%
f respondents correctly associated a red light with a high
mount of a nutrient that needed to be reduced. Further, the
urvey found that understanding of both the percent GDA and
he traffic-light labelling was socially patterned, with lower
omprehension in less affluent groups [38].

uropean Food Information Council Study
The Pan-European research projected conducted by

UFIC evaluated consumers’ in-store behaviour, understand-
ng of nutrition information on food labels, and nutrition
nowledge. The UK component of the study involved a total
f 2019 consumers in three major supermarkets (each using
different FOP labelling system: traffic-light system, per-

ent GDA, or a combination of both) in London, Manchester,
nd Birmingham [39]. Researchers were placed at specific
ections (e.g., areas displaying yoghurts, snacks, and ready
eals) within the store and observed consumers making their

ood selections. Researchers then approached consumers,
stablished their interest in survey participation, conducted
brief in-store interview to determine how they used the

utrition labelling, and then asked consumers to complete
n in-home questionnaire to retest their knowledge of nutri-
ional labelling. In total, 921 UK consumers completed all
ections of the study and returned their in-home questionnaire
or analysis.

Results from the in-store research indicated that only 27%
f consumers who actually selected food items were observed
sing nutritional information. When asked, more shoppers
ndicated that they used the GDA nutritional information
ystem compared with the traffic-light system, although it
s not clear whether this was due to preference or difference
n availability of the two labelling schemes. Further, with
espect to the in-home questionnaire, over 60% of respon-
ents were aware that GDAs represent maximums for salt,
ugar, and fat [39]. This value is considerably higher than
hat reported in the Omnibus survey, which revealed only
5% of respondents were aware of what GDAs represent [38].
nterestingly, the percent GDAs and traffic-light labelling per-
ormed equally well at distinguishing between ‘healthy’ and

unhealthy’ products.

upermarket Sales Data
The studies reviewed above focused on the ease of use

nd customer understanding of nutrition information on food

http://www.afssa.fr/
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abels but they provide little information on the impact of
OP labelling on actual purchasing decisions. One method
f obtaining this sort of insight is by reviewing supermarket
ales data. Independent analysis of sales data for several types
f sandwiches in the 12 weeks before and after the introduc-
ion of Sainsbury’s wheel of health FOP labelling system (a
raffic-light based approach) revealed a modest 6% increase
n sales of a Salmon sandwich with mostly green lights and
substantial 44% decrease in sales of a breakfast sandwich
ith mostly red lights (personal communication Sainsbury’s,
ctober 2007). In contrast, a comparison of sales data 8
eeks before and after introduction of Tesco’s percent GDA

abelling system, sales of a healthy prawn sandwich (with 2%
aturated fats GDA and 34% salt GDA) increased by 46% and
ales of an unhealthy prawn sandwich (with 28% saturated fat
DA and 58% salt GDA) decreased by 37% (personal com-
unication Tesco, June 2006). These figures are taken from

ress releases from the supermarket chains, aimed at pro-
oting the introduction of their new labelling schemes. It is

nclear whether the reported differences in sales are directly
inked to the introduction of the respective labelling systems
r due to other changes in pricing or promotion.

To gain further insight into the impact of FOP labelling on
onsumer food purchases, an analysis of sales data from 2006
o 2007 was conducted at a major UK supermarket chain with
focus on the initial impact (4 weeks) of introducing traffic-

ight labelling [40]. Preliminary findings of data obtained
or 6 ready meals and 12 sandwiches (items with no price
r promotional differences) indicated that the introduction of
raffic-light labelling had little impact on sales (0.4% decrease
n sandwich category share and a 2.4% increase in ready meal
ategory share). Further, for the 12 sandwiches included in the
nalysis, the change in sales was not linked to the nutritional
uality of the product (i.e., there was no significant difference
etween the sales performance of ‘healthy’ and ‘unhealthy’
andwiches).

eviews of Labelling Studies
Two reviews have conducted a useful and valuable lit-

rature analysis of research studies evaluating consumer
references and use of FOP nutrition schemes [41,42]. A
uropean Heart Network review examined data from a total
f 10 research projects from 9 countries (conducted from

ecember 2006 to June 2008) on consumer preferences and
se of FOP nutrition schemes [42]. Relevant studies were
dentified by searching literature databases, internet searches,

able 3
ey elements of an ideal food-profiling system.

ased on solid scientific data
pplicable to different socio-economic contexts

nclusive of all food items
asy to use
lexible and adaptable to new scientific discoveries
ble to provide guidelines that are easily understandable by consumers, at
the same time leaving a large freedom of choice

xtracted from Visioli et al. [43].

f
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nd through the European Heart Network, its members, and
ontacts. The review concluded that traffic-light labelling was
argely helpful for most respondents, provided more informa-
ion than a single symbol, and appeared to allow consumers to
valuate foods for nutrients of particular public health con-
ern. In contrast, GDAs and percent GDAs by themselves
ere not well understood by consumers and could be mis-

eading.
A EUFIC-sponsored review of how consumers perceive,

nderstand, like, and use nutrition information on food
abels involved analysis of results obtained from 58 research
rojects (conducted in 2003–2006) from 15 EU countries
41]. Studies for inclusion were identified by detailed search
f academic research databases, the Internet, and key infor-
ants. The main conclusions of this analysis were that

onsumers showed widespread interest in the nutrition infor-
ation on food packages and simplified FOP info was liked

nd generally understood. However, marked differences in
reference among formats were evident and this appeared to
e influenced by individual preferences for simple and easy
o use labels, a desire to know what the information stands
or and how it was derived, and a desire not to feel pres-
ured into certain choices. Of particular interest in this regard
as the finding that some consumers regarded traffic-light

abelling as too coercive. It is important to note, however, that
he reviews provided virtually no insight into how labelling
nformation is used in real-life shopping situations.

In summary, there is a need for more accurate analysis
f (a) how people use the different food labelling systems
n real-life contexts and (b) the impact of the different
ood labelling systems on sales of different food categories.
etter access to sales data will certainly allow more accurate
nalyses to be performed. In addition, more information is
eeded to understand whether labelling is actually helping
hen it comes to making food choices and deciding which

oods are better from a nutritional perspective.

SSESSMENT OF NUTRITIONAL PROFILES:
EYOND DICHOTOMY

. Visioli
Evidence is mounting to support a paradigm shift in nutri-

nt profiling towards a much broader system that incorporates
actors such as portion sizes and patterns of food consump-
ion during or between the main meals (in addition to the
avourable or unfavourable character of each food item). In
triving to meet the challenge of incorporating all of the key
lements of an ideal food-profiling system (Table 3), a novel
ethod of assessing the nutritional profile of foods has been

eveloped by the Lorenzini Foundation. This method starts
ith the guiding principle that there are no ‘good’ or ‘bad’

oods when the energetic balance is considered overall [43].

ovel Method to Assess the Nutritional Profile of Foods

The Lorenzini method (available online at

ww.foodprofile.org) is based on the FAO/WHO report
n Diet, Nutrition, and the Prevention of Chronic Diseases
44]. The key characteristics of this method are that it: (1)

http://www.foodprofile.org/
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omprehensively analyses and computes a great range of fea-
ures of individual food items (macro- and micro-nutrients),
2) distinguishes among eating occasions (i.e., during or
n-between the main meals), (3) incorporates portion size
s an important contributor to evaluation criteria, (4) allows
or rapid modification and great flexibility, thereby suiting
ndividual needs and gastronomic habits, (5) embraces
n ‘informatics’-based system, simplifying accessibility,
alculations, simulations, and updates, and (6) rewards
nnovation with respect to food product composition (i.e.,
ncreased fibre, reduced salt). The system is universally
pplicable but is currently framed within the typical food
ulture of Europe.

etween-Meals Eating Episodes
A key aspect of the Lorenzini method is that it takes into

ccount food items that are consumed outside of the main
eals (typically mid-morning or mid-afternoon snacks), the

o-called between-meals eating episodes (BMEE). This is
n important consideration in light of the fact that BMEEs,
specially among younger generations, contribute up to 30%
f the daily energy intake and 50% of the daily intake of
icro-nutrients [45].
The Lorenzini method normalises the portion size rather

han the food item per se and, in so doing, takes into account
nergy-per-portion. In addition, it factors in the portioning
nd energy load of BMEEs, averaging the scores of por-
ioned energy (mean between energy and portion for a BMEE
nack), sodium, fruits and vegetables, and macronutrients.
his essentially provides normalisation of foods by calories

ather than by weight.

utritional Profiling Models
The simplest of the various models proposed by the Loren-

ini system is based on the nutritional profile of main meals
etermined according to the parameters of the FSA [46]. The
odified FSA model employs scores that range from 0 to 10

with scores from 0 to 3.33, 3.34 to 6.66, and 6.67 to 10, indi-
ating low, medium and high nutritional value, respectively)
nd averages the scores of total energy, saturated fats, simple
ugars, sodium, fruits, and vegetables, giving a final value
rom 0 to 10.

A slightly more elaborate model, depicted in Fig. 3,
nvolves the nutritional profile according to the FSA parame-
ers but now modified by computing the whole macronutrient
rofile (i.e., FSA Q&Q [quantity and quality]). Other models
f progressively increasing complexity are also proposed and
hese similarly utilise the FSA parameters but also take into
ccount other components such as: (A) macronutrients and
he portioning and energy load of BMEEs (Portioning 200),
B) macronutrients and the portioning and energy load of
reakfast (Portioning 400), (C) macro- and micro-nutrients
nd the portioning and energy load of BMEEs (Portioning

00 plus add-on), (D) macro- and micro-nutrients and the
ortioning and energy load of breakfast (Portioning 400 plus
dd-on), (E) macro- and micro-nutrients, the glycaemic index
GI), and the portioning and energy load of BMEEs (Por-

i
w
w

ig. 3. Nutritional profile according to the parameters of the Food Standards
gency (FSA) but modified by computing the whole macronutrient profile.
eproduced from Visioli et al. [43] with permission of Cambridge University
ress.

ioning 200 plus add-on GI), and finally, (F) macro- and
icro-nutrients, GI, and the portioning and energy load of

reakfast (Portioning 400 plus add-on GI).

eal-Life Trial of Lorenzini System of Nutritional Profil-
ng

Although large-scale plans are underway to evaluate the
ffectiveness and usefulness of the Lorenzini food-profiling
odel in countries across the EU, an initial assessment has

een carried out in a small, pilot study in Parma, Italy. This
ilot study assessed the nutritional habits of 161 subjects (72
emale and 89 male) and included data collected prospec-
ively in a nutritional diary over a 7-day period (giving a total
f 1127 diary days of data). The protocol excluded prede-
ned dietary limits and, as such, the data collected is assumed

o represent a bona fide evaluation in a real-life setting. The
tudy employed the Lorenzini algorithm described above and
ncluded mean scores (0 and 10 scale) for sodium, sugar, sat-
rated fats, total fat, energy, fruit or vegetables, as well as
ortion size. A cut off value of 5 was arbitrarily chosen to
epresent the boundary between low (or “bad”) nutrient value
<5) and high (or “good”) nutritional value (>5).

Scores of 756 food items (alcoholic beverages excluded)
ere determined using the extensive nutritional database of

he European Institute of Oncology. As shown in Fig. 4, using
he Lorenzini system, some food categories such as vegeta-
les, fruits, and fruit juices could be clearly categorised as
good” (i.e., both the means and minimum values were well
bove the cut off score of 5); however, for the most part,
majority of food categories was neither “good” nor “bad”

e.g., cheese and fats) because the cut off value of 5 fell within
he maximum and minimum bounds.
Baseline demographics (Table 4) of the study population
ndicated a homogeneous cohort of relatively young people
ithin the normal range in terms of height, weight, BMI, and
aist circumference.
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pilot study suggests that the Lorenzini system may represent
a practical and effective means to help consumers follow a
healthy, guideline-recommended diet.
ig. 4. Distribution of mean nutrient profile scores for different food catego

A key element of the study was to assess the effectiveness
f the Lorenzini model in terms of providing dietary infor-
ation to consumers to allow them to discriminate among

vailable foods and to achieve health benefits from their
hoices. The study indirectly assessed potential health bene-
ts by determining how closely each consumer’s diet adhered

o the dietary recommendations set forth in the Italian guide-
ines [47]. Thus, the diet of an individual consumer received

score of 1 for each of the following categories: energy
rom carbohydrate >50%, energy from FAT <35%, saturated
ats <33% of total fat, cholesterol <300 mg/day, and fibre
30 g/day. Thus, an ideal diet meeting all of the guideline
ecommendations would receive a maximum score of 5 and

completely inappropriate diet meeting no recommenda-
ions would receive a score of 0. The results showed that
small minority of subjects fully complied with the dietetic

ecommendations (i.e., their diet received 5 points). On the
ther hand, 20 subjects followed a completely inappropriate
ietetic regimen (i.e., they diet received 0 points). A major-
ty of subjects (100) had a score of 2 or 3 points (i.e., 2 or
guideline objectives were regularly attained). Overall, the
verage score for all 161 subjects was 1.9 ± 1.2 points. The
esults revealed a good correlation between the mean num-
er of objectives reached and how the Lorenzini model scored

able 4
aseline characteristics of the pilot study cohort.

Males Females Total

72 89 161
ge (years) 37 ± 9 37 ± 7 37 ± 8
eight (cm) 164 ± 6 178 ± 6 172 ± 9
eight (kg) 61.4 ± 9.3 81.8 ± 13.5 72.6 ± 15.5
MI (kg/m2) 22.8 ± 3.3 25.9 ± 3.9 24.5 ± 4
aist circumference (cm) 83 ± 8 92 ± 11 88 ± 11

F
t
p

lysed using the nutritional database of the European Institute of Oncology.

oods in terms of tertiles of “bad” food profiles, although this
rend was not statistically significant (Fig. 5). A larger study
nrolling substantially more patients is needed to provide the
tatistical power to adequately address this issue.

In summary, the Lorenzini food-profiling system can eas-
ly be used to accurately analyse and compute a wide range
f features of individual food items. The ability of the model
o distinguish between patterns of food consumption (main

eals and BMEEs) and to provide a detailed analysis of
acro- and micro-nutrients may relieve some of the con-

traints that consumers perceive during deliberations on their
utrition and health. Preliminary data from a small real-life
ig. 5. Relationship between the mean number of objectives reached and
he performance of the Lorenzini model in terms of tertiles of “bad” food
rofiles.
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. Comment

CVD, particularly CHD, creates a substantial healthcare
nd economic burden and is responsible for more than 4.3
illion deaths in Europe alone [48]. According to recent

tatistics, direct and indirect costs (lost productivity and the
ost of informal care) associated with CVD are estimated to
e D 192 billion in the EU and $431.8 billion ($151.6 billion
or CHD) in the US in 2007 [48,49]. In light of these dis-
al statistics, the logical question arises, “What can we do

etter?”.
According to a recent article by Schroeder in the New Eng-

and Journal of Medicine [50], an individual’s health is linked
o five key domains: genetics, social circumstances, envi-
onmental exposures, behavioural patterns, and health care.
ontrary to popular belief, however, improving health care
ay actually play a relatively diminutive role when it comes

o reducing early deaths. Changing an individual’s unhealthy
ehavioural patterns may yield the greatest opportunity to
mprove health and reduce premature mortality [50], particu-
arly with respect to smoking, physical inactivity, and obesity
esulting from an unhealthy diet. Indeed, a comprehensive lit-
rature review found that tobacco (18.1%) and poor diet and
hysical inactivity (15.2%) were the leading the causes of
eath in 2000 in the US [51]. The authors noted, however, that
oor diet and physical inactivity could soon overtake tobacco
s the leading cause of death if current trends continue.

Not only is an unhealthy diet an independent risk fac-
or for CVD and a contributor to development of other
VD risk factors [52], it is also linked to the current world
ide epidemic of obesity and diabetes and contributes to a
lethora of other diseases such as dental caries, periodonti-
is, osteoporosis, and complications associated with ageing
e.g., neurodegenerative disorders) [53]. While population
hanges in dietary habits (as well as life style and physical
ctivity) can have a marked impact on the overall burden of
VD as well as other NCDs, it is important to note that such
hanges are achieved only by the collective participation and
ontribution of individuals. While policy changes including
egislation and regulation can play an important role in chang-
ng behaviour, individuals need more assistance, education,
nd tools to help them to increase their personal responsibility
or their health particularly with respect to diet.

. Conclusions

A concerted effort is needed from medical and behavioural
cientists to address the escalating incidence of diet-related
iseases seen across Europe. It is important to recognise
hat eating takes place in a behavioural, social, and cul-
ural context. Thus, it is important to consider not only the

ood’s nutritional composition but also the relationship of
eople with food. In this regard, fostering a more enjoy-
ble, relaxed pattern of interacting with food, especially at
young age, may prove especially beneficial. Since auto-
plements 10 (2009) 1–11

atic behaviour dominates our decision-making process with
espect to food choices, excessive regulation alone will likely
e insufficient to markedly impact population eating prac-
ices. Simple, practical tools are urgently needed to help
onsumers make healthy food choices in a real-life setting. In
his regard, further research on the Lorenzini food-profiling

odel is necessary to verify its user-friendly approach and
ts applicability to broader geographic, social, and cultural
nvironments. Such a system may allow a more realistic
ssessment of the impact of nutritional policy and food prod-
ct claims based on real-life consumer practices rather than
ypothetical modelling techniques. Finally, while this article
as focussed primarily on topics relating to healthy foods and
ealthy choices, the importance of energy expenditure (i.e.,
hysical exercise) should also be considered as an integral
omponent of the broader public health issue.

cknowledgements

This article was based, in part, on presentations and discus-
ions at an expert panel meeting held at the 7th International
ymposium on Multiple Risk Factors in Cardiovascular Dis-
ases: Prevention and Intervention – Health Policy, in Venice
n 22–25 October, 2008 and organised by the Giovanni
orenzini Medical Science Foundation, Milan, Italy, and
ouston, TX, USA. The authors wish to thank Jan S. Red-

ern, PhD, Redfern Strategic Medical Communications Inc.,
oshen, NY, USA, for writing assistance.

eferences

[1] WHO technical report: diet, nutrition, and the prevention of chronic dis-
eases; 2003. http://whqlibdoc.who.int/trs/WHO trs 916.pdf, accessed
20 June, 2009.

[2] Popkin BM. Global nutrition dynamics: the world is shifting rapidly
toward a diet linked with noncommunicable diseases. Am J Clin Nutr
2006;84(2):289–98.

[3] World Health Organisation Europe. Second WHO European
action plan for food and nutritional policy: tackling noncom-
municable and acute diseases; 2007. www.euro.who.int/document/
mediacentre/fs0507e.pdf, accessed 20 June, 2009.

[4] Dietary reference intakes: Guiding principles for nutrition label-
ing and fortification. Food and Nutrition Board, Institute of
Medicine of the National Academies; 2003. www.iom.edu/CMS/
3788/4621/17117.aspx, accessed 6 June, 2009.

[5] The Food Guide Pyramid. United States Department of Agriculture;
2009. www.mypyramid.gov/, accessed 6 June, 2009.

[6] Maillot M, Darmon N, Darmon M, Lafay L, Drewnowski A. Nutrient-
dense food groups have high energy costs: an econometric approach to
nutrient profiling. J Nutr 2007;137(7):1815–20.

[7] Hansen RG, Wyse BW, Sorenson AW. Nutrition quality index of food.
Westport, CT: AVI Publishing Co. Inc.; 1979.

[8] Scheidt DM, Daniel E. Composite index for aggregating nutrient

density using food labels: ratio of recommended to restricted food
components. J Nutr Educ Behav 2004;36(1):35–9.

[9] Lachance PA, Fischer MC. Educational and technological innovations
required to enhance the selection of desirable nutrients. Clin Nutr
1986;5:257–67.

http://whqlibdoc.who.int/trs/WHO_trs_916.pdf
http://www.euro.who.int/document/mediacentre/fs0507e.pdf
http://www.iom.edu/CMS/3788/4621/17117.aspx
http://www.mypyramid.gov/


osis Sup

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

Healthy food / Atheroscler

10] Drewnowski A. Concept of a nutritious food: toward a nutrient density
score. Am J Clin Nutr 2005;82(4):721–32.

11] Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to
a Mediterranean diet and survival in a Greek population. N Engl J Med
2003;348:2599–608.

12] European Food Safety Authority (EFSA). Draft. Food-based dietary
guidelines. Scientific opinion of the panel on dietetic products, nutri-
tion and allergies (Question No EFSA-Q-2005-015c). EFSA J 2008, x:
1–44.

13] Food Standards Agency. Traffic light labelling; 2009. www.eatwell.
gov.uk/foodlabels/trafficlights/, accessed 6 June, 2009.

14] Livsmedelsverket (National Food Administration). The Key-
hole symbol; 2009. www.slv.se/templates/SLV Page.aspx?id=
12220&epslanguage=EN-GB, accessed 6 June, 2009.

15] CIAA; 2009. http://gda.ciaa.eu/asp2/guideline-daily-amounts.asp,
accessed 6 June, 2009.

16] Unilever. The Choices programme; 2009. www.unilever.com/brands/
nutrition/choices/default.aspx, accessed 9 June, 2009.

17] Smartspot. PepsiCo Inc.; 2009. www.smartspot.com, accessed 9 June,
2009.

18] National Health Service (NHS). 5 A DAY Just Eat More (fruit & veg);
2009. www.5aday.nhs.uk/WhatCounts/WhatCounts.aspx, accessed 6
June, 2009.

19] Ofcom (Office of Communications): television advertising of food
and drink products to children. Final statement; 2007. http://www.
ofcom.org.uk/consult/condocs/foodads new/statement/statement.pdf,
accessed 21 June, 2009.

20] European Food Safety Authority (EFSA): The setting of nutrient pro-
files for foods bearing nutrition and health claims pursuant to Article 4
of the Regulation (EC) No 1924/2006. Scientific Opinion of the Panel
on Dietetic Products, Nutrition and Allergies (Request No. EFSA-
Q-2007-058); 2008. http://www.efsa.europa.eu/EFSA/efsa locale-
1178620753812 1178689506673.htm, accessed 21 June, 2009.

21] Sabate J, Ang Y. Nuts and health outcomes: new epidemiologic evi-
dence. Am J Clin Nutr 2009;89:1643S–8S.

22] Maillot M, Ferguson EL, Drewnowski A, Darmon N. Nutrient pro-
filing can help identify foods of good nutritional quality for their
price: a validation study with linear programming. J Nutr 2008;138(6):
1107–13.

23] Ezzati M, Hoorn SV, Rodgers A, Lopez AD, Mathers CD, Mur-
ray CJ. Estimates of global and regional potential health gains
from reducing multiple major risk factors. Lancet 2003;362(9380):
271–80.

24] Iyengar SS, Lepper MR. When choice is demotivating: can one desire
too much of a good thing? J Pers Soc Psychol 2000;79:995–1006.

25] Williams P. Consumer understanding and use of health claims for foods.
Nutr Rev 2005;63(7):256–64.

26] Cohen DA, Farley TA. Eating as an automatic behavior. Prev Chronic
Dis 2008;5(1). http://www.cdc.gov/pcd/issues/2008/jan/07 0046.htm,
accessed 19 July, 2009.

27] Baumeister RF, Bratslavsky E, Muraven M, Tice DM. Ego depletion: is
the active self a limited resource? J Pers Soc Psychol 1998;74:1252–65.

28] Rosenstein D, Oster H. Differential facial responses to four basic tastes
in newborns. Child Dev 1988;59(December):1555–68.

29] Vögele C, Gibson L, Ogden J, Brown K. Food choice and delay of
gratification: an experimental investigation in obese, overweight and
normal-weight primary school children. Intl J Obesity 2007;31(Suppl
1):S117.

30] Pollan M. In defense of food. An eater’s Manifesto. Eat food. Not too
much. Mostly plants. New York: Penguin Press; 2008.

31] Fischler C, Masson E. Manger. Français, européens et américains face à
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