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Preface
My main research interest is on how healthy eating can be increased at a community level. The foundation
is the idea that the promotion of healthy eating should not focus only on downstream individual
behaviour but should have a strong upstream orientation that creates and maintains health equalities. To
me, the challenge is to assist consumers in making healthful dietary selections whilst maintaining
enjoyment of eating and freedom of choice.
The aim of this PhD study was to contribute to the evidence of effective healthy eating promotion
initiatives at the worksites and to improve our understanding of the role of availability and convenience
as effective tools in promoting healthy eating habits. This thesis deals with the context of real life settings
rather than isolated foods or laboratory environments.
The PhD study is based on work carried out at the Division of Nutrition, National Food Institute, Technical
University of Denmark through August 2007 to August 2010. The project is a part of a bigger cooperative
research network ‘Canteen Take Away - Dissemination and Sustainability of Healthy Eating Promoted by
Workplaces’, here referred to as The Canteen take away Partnership. The partnership includes three
research institutions and a number of public, private and civil organizations. Although a collaborative
research partnership like this possesses many challenges in terms of conflicting interests and differences
in perspectives amongst network members it also offers a lot of benefits and synergies resulting from the
collaboration. The project has been innovative in both the type of health promotion activity being
evaluated and in the methodology that was employed i.e. introducing a novel concept for evaluating the
nutritional quality of individual meal and using a digital photographic method for dietary assessment. This
work would not have been possible without the support and commitment from the partners and
worksites participating in the project. They have provided valuable feedback and insight thereby
contributing to the practical and strategic relevance of the work. Hopefully, this will help facilitate future
implementation of the results.
My background is in the area of nutrition and food science. However, eating is more than just food and
nutrition. I have great respect for the canteen staff that puts much efforts in creating healthy and
enjoyable meals. Furthermore, although physical activity is an important determinant of several lifestyle
diseases, along with nutrition, physical activity will not be addressed in the present thesis.
The project was performed in accordance with the ethical standards of the Helsinki Declaration of 1975,
as revised in 2008. I hope you will enjoy reading this thesis.
Anne Dahl Lassen, September 2010

"Happy eating makes for happy family life; sit down and eat together and talk;
treasure family taste and home cooking" (Japanese dietary advice)
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Summary
Background
The promotion of a healthy balanced diet is a key element for the prevention of overweight, obesity and
several chronic diseases. The focus has shifted from considering food behaviour as a mainly private issue
to recognizing the responsibility of the society, including the worksites, in creating environments and
conditions that support and promote healthy eating habits and an active lifestyle. Besides improving
dietary intake at work, worksite health promotion initiatives may also lead to improvements in the
lifestyles of employees and their families outside of the worksite. A direct way of reaching the families is
to provide employees with so-called Canteen Take Away (CTA), i.e. healthy ready-to-heat meals, offered
by the worksite to bring home at subsidized or market prices.
Aim
The overall aim of the present PhD study was to contribute to the evidence base of effective healthy eating
promotion initiatives at the worksites. The objectives were to evaluate the digital photographic method
for assessing food intake both at worksite canteens offering a variety of meals (Paper I) and for assessing
home evening meal intake in an adult ‘free-living’ population (Paper II), to develop a Healthy Meal Index
to assist caterers in making healthy meal offers without using nutrient-calculation software (Paper III)
and to evaluate the effectiveness of a recently introduced health promotion strategy – the Canteen Take
Away concept – in improving the diets of the employees (Paper IV).
Paper I and II
Two variants of the digital photographic method for assessing food intake at worksite canteens were
evaluated using digital images of weighed duplicate plates of customers’ self-selected canteen meals
(n=100). High correlation coefficients between actual and estimated weights were found for both methods
for all food categories (0.89 to 0.96). Bland Altman plots and linear regression analysis revealed that the
precision of the method was improved by weighing the dishes before and after eating and hereby
obtaining an estimate of total weight of food eaten. A third variant of the digital photographic method
assessing evening meals intake among free-living individuals was evaluated against weighed records of
participants’ usual evening meals for five consecutive days (n=88). The method was found to be valid with
regard to the estimation of macronutrient distribution, energy density and energy-adjusted food contents
(correlation coefficients 0.87 to 0.97). Furthermore, the method was found to be feasible for recording
weekday evening meal intake during a period of three weeks or more (28 participants).
Paper III
The simple Healthy Meal Index (HMI) was developed and validated following the nutrient profiling
approach. Furthermore, the Plate Model together with the Danish and American Dietary Guidelines
provided the background for the development. Three key score components were prioritized to be
included in the simple HMI (1: Fruit and vegetable content, 2: Fat content and quality, and 3: Wholegrain/
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potato content) with three levels of scores (0, 1 and 2). The HMI was validated against weighted and
chemically analysed food and nutrient content of a representative sample of canteen meals (n=180). The
sample was split into four categories according to the total index score and compared across categories.
Average energy density decreased significantly across categories (from 876 kJ/100 g to 537 kJ/100 g,
p<0.001). Also, content of total and saturated fat, carbohydrate and fruit and vegetables varied across
categories with higher score values being closer to dietary guidelines (p<0.001).
Paper IV
The effectiveness of a CTA-concept was tested under real-life conditions in a financial worksite setting
offering CTA twice a week. Twenty-seven employees were included and their dietary intake on weekdays
receiving CTA was compared with weekdays not receiving CTA. Four non-consecutive 24-h dietary recalls
were applied to assess dietary intake on a daily basis. Moreover, a digital photographic method was used
to assess evening meal intake for three consecutive weeks. Nutritional improvements were seen on days
receiving CTA compared to days not receiving CTA with regard to both evening meal intake and on a daily
basis. Especially, an increase of vegetable intake by about 109 g on CTA-days seems to be promising, as it
is considered more difficult to increase vegetable intake compared with fruit intake.
Conclusions and perspectives
The present thesis has provided novel insight into: Digital photographic methods for assessing food
intake, the development of the HMI to evaluate the nutritional quality of individual meals and finally the
effectiveness of a canteen take away concept. The HMI may provide a valuable tool to caterers and
dieticians who wish to evaluate nutritional quality of meals in line with the recommendations for healthy
eating without the use of nutrition calculation programs. Moreover, the results from the present PhD
study reinforce the importance of availability, accessibility and convenience as effective tools in
promoting healthy eating habits. It provides evidence to support further action in worksites in enabling
and promoting healthy eating pattern among employees even across the contexts of worksite and family.
Over time, this type of dietary change program has the potential for considerable access into communities
and thereby to contribute significantly to larger public health goals of reducing incidences of dietary
related diseases.
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Sammendrag (Danish summary)
Baggrund
Fremme af sunde kostvaner er et vigtigt element i forebyggelse af overvægt, fedme og en række kroniske
sygdomme. Fra at betragte sundhed og sunde kostvaner som primært den enkeltes eget ansvar, er fokus
nu i højere grad rettet mod, hvordan vi kan påvirke omgivelserne, så det bliver både nemmere og mere
fristende for den enkelte at spise og leve sundt. Her har arbejdspladsen en central plads i den voksne
befolkning. Arbejdspladsen kan være med til at påvirke medarbejderens kostvaner indirekte ved at
påvirke normer og holdninger for sund mad og mere direkte ved at gøre den sunde mad mere tilgængelig
både i arbejdstiden og uden for arbejdet. I de senere år har et nyt sundhedsfremmende tiltag i stigende
grad vundet indpas – såkaldt Kantine take away (KTA) – hvor virksomheden sælger færdiglavede måltider
til at bringe med hjem og spise til aftensmad til en reduceret pris eller på markedsvilkår.
Formål
Det overordnede formål med dette ph.d. projekt har været at øge viden om, hvordan tilgængelighed af
sund mad på arbejdspladserne kan tilskynde medarbejderne til i højere grad at træffe sunde valg både på
og uden for arbejdet. De specifikke formål har været at evaluere brugen af fotometoder som værktøj til at
estimere indtaget dels i forbindelse med frokostmåltiderne i arbejdspladskantinerne (artikel I) dels i
relation til voksne personers aftensmåltider (artikel II), at udvikle et redskab, der kan støtte
kantinepersonalet i at servere sunde måltider, herunder KTA måltider (artikel III), samt at evaluere
effekten af KTA ved at sammenligne medarbejdernes indtag på hverdage henholdsvis med og uden KTA
(artikel IV).
Artikel I og II
To varianter af fotometoden til at måle fødevareindtaget på arbejdspladskantiner blev evalueret og
sammenlignet med vejet registrering af dobbeltportioner fra kunders frokostmåltider (n=100). Der blev
fundet høje korrelationskoefficienter mellem faktiske og estimerede vægte for begge metoder for alle
fødevare-kategorier (0,89 til 0,96). Bland Altman plots og lineær regression analyse viste, at præcisionen
af estimaterne kunne forbedres ved at veje tallerkenerne i forbindelse med fotograferingen før og efter
endt indtag for derigennem at få et estimat af det samlede fødevareindtag. En tredje variant af
fotometoden til måling af voksne personers indtag til aftensmåltider blev evalueret op imod vejet
registrering af deltagernes sædvanlige aftensmåltider over 5 dage (n=88). Metoden blev fundet at være
valid i henhold til estimering af makronæringsstoffordeling, energidensitet og energi-justeret
fødevareindhold (korrelationskoefficienter 0,87 til 0,97). Desuden fandt deltagere, at metoden var
brugbar til registrering af aftensmåltidet i tre uger eller mere (28 deltagere).
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Artikel III
Et simpelt Måltids-Index blev udviklet og valideret i henhold til principperne for ernæringsprofilering.
Udgangspunktet for udviklingen var dels Y-tallerkenen dels de danske og amerikanske ernæringsanbefalinger. Tre komponenter blev inkluderet i indexet (1: Indhold af frugt og grønt, 2: Fedtindhold og
kvalitet samt 3: Fuldkorns/kartoffelindhold) med mulighed for tildeling af point på tre niveauer (0, 1 og
2). Indexet blev valideret op imod et repræsentativt udsnit af kantinemåltider, hvor indholdet var vejet og
analyseret for næringsindhold (n=180). Opdeling skete i fire kategorier afhængigt af den samlede indeks
score og sammenlignet på tværs af kategorier. Den gennemsnitlige energitæthed faldt signifikant hen over
kategorierne (fra 876 kJ/100g til 537 kJ/100 g, p<0,001). Også indholdet af total og mættet fedt, kulhydrat
og frugt og grøntsager varierede mellem kategorierne, således at højere scores gav værdier, som var
tættere på de aktuelle kostråd (p<0,001).
Artikel IV
Kantine take away som sundhedsfremmende tiltag blev undersøgt i en finansiel virksomhed, der gennem
nogle år havde tilbudt KTA til deres medarbejdere to gange om ugen. I alt 27 medarbejdere indgik i
undersøgelsen og deres kostindtag på hverdage, hvor de modtag KTA, blev sammenlignet med
kostindtaget på hverdage, hvor de ikke modtog KTA. Fire gange 24 timers kostinterview blev anvendt til
at vurdere kostindtag på daglig basis. Desuden blev fotometoden anvendt til at vurdere aftensmandens
næringsstofindhold over tre uger. Maden på dage med KTA havde en bedre ernæringsmæssig
sammensætning end maden på dage uden KTA både med hensyn til aftensmadens indhold samt madens
indhold set over den samlede dag. Især en forskel i indtaget af grøntsager på gennemsnitlig 109 g per dag
synes at være lovende, da det anses for vanskeligere at øge grøntsagsindtaget sammenlignet med
frugtindtag.
Konklusioner og perspektiver
Ph.d. afhandlingen giver ny viden inden for tre forskellige forskningsområder: Fotometoder til vurdering
af fødevare- og næringsindtagelse, udvikling af et måltids-index til vurdering af den ernæringsmæssige
kvalitet af enkelte måltider samt effekten af et Kantine take away koncept i relation til medarbejdernes
indtag. HMI kan potentielt bruges både af professionelle, f.eks. cateringfirmaer og diætister, og den brede
offentlighed, der ønsker at vurdere den ernæringsmæssige kvalitet af måltider i tråd med anbefalingerne
for sund kost uden brug af programmer til ernærings-beregning. Resultaterne fra afhandlingen støtter
derudover betydningen af tilgængelighed som et effektivt tiltag i forhold til fremme af sunde madvaner.
Sund Kantine take away kan med fordel indgå som element i en samlet sundhedsfremme strategi på
arbejdspladserne. Yderligere forskning bør fokusere på innovative strategier der tager afsæt i at øge
tilgængeligheden af sund mad og samtidig styrke den sociale opbakning, herunder i familien, således at
den enkeltes mulighed for at etablere sunde kostvaner styrkes.

12

1. Background
1.1. Dietary recommendations and food choice influences
Dietary intake and recommendations
Eating a healthy balanced diet and maintaining an active lifestyle throughout infancy and adulthood are
considered key elements for the prevention of overweight, obesity and several chronic diseases (WHO,
2003). However, the populations in Denmark and other Western countries generally do not meet the
dietary guidelines. It has been argued that even small beneficial changes in food intake at the population
level, maintained over a longer period of time could have a large impact on public health (Steyn et al.,
2009).
Table 1.1 outlines population nutrient goals proposed by the Institute of Medicine (Institute of Medicine,
2005; Institute of Medicine, 2004) and the Nordic Council of Ministers (Nordic Council of Ministers,
2004a), respectively, together with data on the average diet consumed by the adult Danish population
(Petersen et al., 2010). Compared to the official recommendations for dietary intake the average diet of
the adult Danish population contains too much sugar, salt and fat, especially saturated fat (Petersen et al.,
2010). The average diet of the adult Danish population provides 35% energy from fat (15 E% from
saturated fat), when the contribution from alcohol is excluded from the calculations, whereas the
population goal recommended by the Nordic Nutrition Recommendations 2004 is 30% energy (10 E%
from saturated plus trans fatty acids). Furthermore, the content of dietary fibre is too low compared to the
recommended intake of 25 to 35 g a day.
Table 1.1. Population nutrient goals for adults in United States and the Nordic countries compared with
the actual diet of the Danish population
Average diet of the adult
Nordic
Danish population
1
Nutrients
United States
countries2
2003-20083
Total fat (E%)
20-35
25-35 (30)
354
Saturated fat (E%)

As low as possible

<10

154

Protein (E%)

10-35

10-20 (15)

15

Total carbohydrate (E%)

45-65

50-60 (55)

50

≤25

0-10 (<10)

10

25-38

25-35

21

<6

< 5-6

8.55

Added sugars (E%)
Dietary fibre (g/day)
Sodium chloride (g/day)

1 Dietary Reference Intakes (Institute of Medicine, 2005; Institute of Medicine, 2004), 2 Nordic Nutrition
Recommendations (Nordic Council of Ministers, 2004a); figures in brackets are population goals, 3 (Petersen et al.,
2010), 4 Calculated without energy from alcohol, 5 Salt added at the table is not included
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The dietary guidelines represent the translation of the nutrient recommendations for food intake into
dietary advice aimed at the general population or specific population groups. In 2005, the 6th edition of the
Dietary Guidelines for Americans was released (US Department of Health and Human Services, 2005), and
MyPyramid, shown in Figure 1.1, was developed and issued by the United States Department of
Agriculture (USDA) to illustrate recommendations found in the guidelines. At the reference 10 MJ level
(2400 cal) 5 cup equivalents of fruit and vegetables is recommended and 8 ounce equivalent of grains,
including 4 ounce equivalent of whole grains1,2. Also, in 2005 the dietary guidelines for overall healthy
dietary patterns communicated to the population in Denmark was published. The principles of the Danish
Dietary Guidelines apply to all healthy people over the age of 2 years and include eight key messages
(Astrup et al., 2005). The Danish Food Compass shown in Figure 1.1 communicates these guidelines.
Moreover, Danish Canteen Nutrition Guidelines (in Danish: http://www.altomkost.dk) have been releases
based on the Danish Dietary Guidelines.
With regard to fruit and vegetables, the Danish Dietary Guidelines recommend a daily intake of 600 g
equalling 3 servings of vegetables and 3 servings of fruits per day. The actual average daily intake of
vegetables is 162 g for the Danes aged 18-75 years. The intake of vegetables seems to have stagnated from
2000-2002 to 2003-2008 whereas the intake of fruit has increased. The estimated average intake of fruit
and juice is 283 g a day for the Danes aged 18-75 years. With regard to wholegrain intake it is estimated
that Danes eat approximately half of the recommended intake of minimum 75 g wholegrain per 10 MJ
(Mejborn et al., 2008)3.
The dietary guidelines communicated to the population in United States and Denmark are generally in
good agreement. Guidelines include key messages aimed at increasing the population’s intake of fruit and
vegetables and fish, eating whole grains (and potatoes) and limiting the intake of sugar-rich foods and fat,
especially animal fat, and to incorporate physical activity into a healthy eating plan. Moreover, the Danish
dietary guidelines for canteens emphasise the need for reducing the salt intake of canteen food, as salt
content in canteen meals has been found to be high – on average 3.5 g per meal equivalent to 15 g per 10
MJ (Rasmussen et al., 2010).
Another pictorial model, the Plate Model, originally promoted by the Swedish Diabetic Association, has the
advantage of being simple and easy to employ. It has been found to be the preferred educational nutrition
model by both professionals and the public (Hunt et al., 1994), and meal components may be selected to
match a range of different meal types and preferences. Figure 1.1 c illustrates a plate following the Nordic
version of the Plate Model. The plate is divided into three sections (like a ‘Y’). The smallest sector, about
one-fifth of the total area is for meat, fish, eggs or cheese (and fats). The remaining four-fifth is divided

1

1 cup equivalent fruit and vegetables is 2 cups raw leafy vegetables or 1 cup other raw or cooked fruits and vegetables
(corresponding to about 150 g). 1 ounce equivalent grain is ½ cup cooked rice/pasta or 1 slice bread (corresponding to about
50 to 75 g).
2
Intake amounts in the USDA Food Patterns encompassed by the 2010 Dietary Guidelines Advisory Committee remain
unchanged from 2005 with the exception of the vegetable subgroups (2010 DGAC Membership, 2010).
3
75 g wholegrain corresponds to almost 250 g wholegrain foods, e.g. cooked wholegrain pasta/ rice or wholegrain bread.
Calculated from Mejborn et al. (Mejborn et al., 2008).
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approximately equally with two-fifth for the staple food (rice, pasta, bread, potatoes etc) and two-fifth for
fruit and vegetables.
a)

b)

c)

Figure 1.1. The American MyPyramid (a) and the Danish Food Compass (b) illustrating the food and
dietary guidelines of the respective countries and the Plate model (c) illustrating recommended
proportion of foods

Food choice influences
What and how much we choose to eat is influenced by a complex, interrelated set of factors across
different levels extending from the individual to the broader macro-level environments. Figure 1.2 shows
the range of factors using an iceberg as a metaphor analogy to illustrate that the individual factors
depicted above the waterline most likely account for only a smaller part of the total range of factors
influencing food choice and behaviour.
Individual level factors include demographic and biological factors as well as characteristics such as
preferences, attitudes and knowledge, skills and behaviours (Story et al., 2008). Also, lifestyle factors
including habits and lack of time to prepare healthy meals are frequently reported individual level
barriers for not following nutritional recommendations, especially for those who intend to eat healthily
but do not do so (Groth et al., 2009). Accordingly, Blanck et al. (Blanck et al., 2009) found convenience
followed by taste, cost and finally health to be the most important factor for lunch food choices among U.S.
adults working outside home. Education and behavioural intervention strategies strongly focus on
individual level factors to increase likelihood of conscious behaviour change towards more healthy diets
(Brug et al., 2006), and there is good evidence that individual counselling may promote moderate positive
changes in the dietary intake of individuals with a high risk of disease (Research Centre for Prevention
and Health, 2010). The long term effect is however unclear, and both Holsten (Holsten, 2009) and Brown
and colleagues (Brown et al., 2007) conclude that interventions targeting individual activity and dietary
behaviours generally have had limited effectiveness. Powerful and repeated mass campaigns seem to have
some effect on the dietary intake in the population but need to be combined with other strategies to be
effective (Research Centre for Prevention and Health, 2010).
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Below the waterline are the factors in the environment related to eating behaviours. First proposed by
McLeroy and colleagues (1988), the social ecological models aim to focus on both individual and
environmental level components in health promotion interventions. It emphasizes that individuals
interact with their environments and that characteristics of the environment influence their health
behaviours (Giskes et al., 2010). It has been suggested that it may be difficult to prioritize good nutrition
in the context of contemporary lifestyles that include increased time spent outside home (Welch et al.,
2009). This perspective shifts the focus of behaviour change from the individual to the social and physical
environment in which the individual lives (Dorfman et al., 2007; Elinder et al., 2009; WHO Regional Office
for Europe, 2007). The social environment includes interaction with family, friends, peers and others in
the community and may impact food choices through mechanisms such as role modelling, social support
and social norms (Story et al., 2008).
The physical environment includes the settings were people buy foods, produce and eat foods and meals
such as home, worksites, schools, supermarkets and restaurants (Story et al., 2008). These settings may
influence food choices both through the availability and accessibility of healthy foods and by affecting
opportunities and barriers for healthy eating. There is a wide variety of factors in the physical
environment that may encourage a positive energy balance, sometimes labelled as the ‘obesogenic
environment’ (Elinder et al., 2009). The intake of fast foods, convenience or ready-prepared foods has
been associated with less healthful diets (Jabs et al., 2006), and energy-dense products are increasingly
marketed in large portions, that ‘unnoticed’ tempt us to eat more (Matthiessen et al., 2003). For example
busy parents may rely on convenience foods, prepared foods, or eating take out or restaurant food, all of
which are associated with higher calorie density (Kumanyika et al., 2008). Continuous efforts towards the
physical food environment are therefore greatly needed.
Story and colleagues (Story et al., 2009) suggest that the more restricted the physical environment is with
regard to availability and accessibility of healthy inexpensive options, the more influence the environment
may have with regard to food choices that are made – in contrast to that of the individual factors and
social influence. However, the communities and settings need to be empowered to enable them to build
their capacity to develop and sustain improvements in their social and physical environments. The macroenvironment includes the broader infrastructure that may support or hinder health behaviours among
individuals and in the different settings (Brug et al., 2006). It employs a wide range of sectors such as the
food production, manufacturing and media as well as food and agriculture policies, economics and health
care systems. Moreover, it includes culture-specific eating patterns and tools and resources to use for
health promotion (Goetzel et al., 2008). Finally, ongoing research may offer new solutions and knowledge
in relation to health promotion.

16

Personal
Networks
Settings
Sectors

Individual factors:
• Outcome expectations
• Behavioural capability
• Self-efficacy
• Motivations

Lifestyle, skills
and behavior
Cognitions
Demographics
(e.g. preferences,
and biological
attitudes, knowledge)
Family

Friends

Restaurants,
fast food outlets
and supermarkets

Home

Peers

Worksites, schools
child care

Neighbourhoods
and communities

Media and
marketing

Cultural norms
Economic systems,
and values
Programs, tools and
government and resources for supporting efforts
Food production
political structures
Health care
in health promotion
and industry
and policies
systems

Social environment:
• Role modeling
• Social support
• Social norms
Physical environment:
• Availability
• Access
• Barriers
• Opportunities
Macro-level
environments:
• Practices
• Legislative, regulatory
or policy actions

Figure 1.2. A ‘Healthy eating promotion iceberg’ illustrating from an ecological approach the multiple
influences on what people eat as well as the possible mechanism for food choice influences (right charts).
Modified from Story et al. (Story et al., 2008)

Summary: Dietary recommendations and food choice influences
The actual behaviour of consumers in relation to food choice and intake is obviously in mismatch with
nutrient recommendations and dietary guidelines. To support improvements in dietary intakes, we need
to know more about the determinants of food behaviour and choices. Focus has shifted from considering
food behaviour, obesity and health as mainly a private issue to recognizing the responsibility of the
society in creating environments and conditions that support and promote population-wide healthy
eating habits.
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1.2. The worksite arena
Calls for action to be taken at the worksites
The potential of the worksites for promoting healthy eating has received increasing attention in recent
years and several policy papers call for action to be taken at the worksites (European Commission, 2007;
Nordic Council of Ministers, 2006). Also many companies are showing interest in investing in health
promoting activities to protect and develop their human resources (Heinen et al., 2009). The worksites
provide a natural social context. Most employees eat one or more meals during the workday and it has the
potential to reach a large number of people, including many who would otherwise be unlikely to engage in
preventive health behaviour. Besides improving dietary intake at work, worksite interventions may also
lead to secondary improvements in lifestyles of employees and their families outside of the worksite (Ni
Mhurchu et al., 2010) and may in the long term influence social norms around food choice and psychical
activity.
The Nordic Council of Ministers adopted in 2006 a Nordic Plan of Action on better health and quality of
life through diet and physical activity (Nordic Council of Ministers, 2006). This plan highlights the
worksite as an important setting for promoting a healthy lifestyle, both among employees and in society
as a whole: “In the coming years, the Nordic countries will give priority to initiatives directed at inspiring
workplaces to invest in initiatives to promote a healthy diet and physical activity among their employees”.
One year later the Second WHO European Action Plan for Food and Nutrition Policy 2007–2012 (WHO
Regional Office for Europe, 2007) was adopted stating that: “Actions should be designed at both national
and local levels, with particular attention paid to community interventions and the health-promoting
potential of arenas or settings such as […] workplaces”.
Moreover, the WHO’s Global Plan of Action for Workers' Health 2008-2017, states in Point 14 that: “Health
promotion and prevention of noncommunicable diseases should be further stimulated in the workplace,
in particular by advocating healthy diet and physical activity among workers, and promoting mental and
family health at work” (WHO, 2007).

An overview of the effectiveness of worksite healthy eating initiatives on dietary outcomes
Soler et al. (Soler et al., 2010) evaluated the effectiveness of interventions in worksites that included
health-risk assessment with feedback to employees either alone or as part of a broader worksite health
promotion program. With regard to dietary behaviours the authors concluded that the body of evidence
from a total of 11 studies was generally positive, however the magnitudes for the effect estimates were
small. Thorogood and colleagues (Thorogood et al., 2007) likewise found small effect size when
summarizing the results of eight randomized controlled worksite trials on changes in fruit and vegetable
consumption in a meta-analysis. The increase in consumption of fruit and vegetables was close to 0.2
servings per day. Buttriss and colleagues (Buttriss et al., 2004) drew special attention to one of these
studies, the Treatwell 5-a-Day Study, showing that involving family members could be a promising
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strategy to increase fruit and vegetable intake (Sorensen et al., 1999) with potential benefits for the whole
family (Brekke et al., 2004). In terms of reduction of fat intake, two of the largest worksite intervention
evaluations, the Working Well Trial (Sorensen et al., 1996) and the Next Stop Trial (Tilley et al., 1999)
reported a net reduction in percentage of energy obtained from fat of 0.4 and 1 percentage, respectively
(Thorogood et al., 2007).
Mhurchu et al. (Ni Mhurchu et al., 2010) included in a review 16 health promotion studies with dietary
outcomes. They suggested based on the review that future programmes to improve employee dietary
habits should move beyond individual education and aim to intervene at multiple levels of the worksite
environment. Other authors likewise have argued that environmental strategies should at least be
incorporated in traditional worksite health promotion programs to achieve greater behavioural changes
and to reach a wider audience (Engbers et al., 2006; Institute of Preventive Medicine Environmental and
Occupational Health, 2008). Elinder and Jansson (Elinder et al., 2009) points out that establishing causal
relationships between environmental factors and population diet or obesity pose great challenges because
randomised controlled trials are not always possible or feasible to conduct and because the dynamic
interactions between individual and societal levels complicate the interpretation of results. Moreover,
more reliable indicators of environmental determinants are needed in order to explore the interactions
between the environmental factors and individual eating pattern.

Effectiveness of worksite healthy eating initiatives targeting the physical environment
The worksites have a wide range of possibilities to increase the availability and accessibility of healthy
food at the worksite, e.g. provide free fresh fruit, offer healthy food and beverages at the canteen, at
meetings and vending machines, organize employees healthy lunch clubs and breaking structural barriers
for healthy eating (providing staff refrigerator and microwaves in kitchens etc.).
Table 1.2. and Table 1.3 summarize peer-reviewed English language articles since 1994 on worksite
intervention studies in healthy populations focussing on changes in the physical food environment alone
or as part of multi-component intervention strategies 4. Only studies with output data related to the
environmental intervention component are included. Eight studies were identified that included data on
changes in dietary intake measured or calculated per employee (Table 1.2). Moreover, six studies were
identified that included relative changes in sales data (Table 1.3).

4

Literature search strategy: The following electronic databases were searched up to august 2010: DADL, Web of Science
and MEDLINE using the following search terms: worksite, workplace, occupational health, diet, nutrition policy, food
services, cafeteria(s). Besides, the reference lists of relevant studies and review articles were searched by hand.

19

Table 1.2. Studies reporting changes in dietary intake in relation to the environmental intervention
component in worksite intervention studies targeting the food environment alone or as part of a multicomponent intervention strategy
Study, author
and country
(Dubois et al.,
1996)

Seattle 5 a Day
Worksite Program
(Beresford et al.,
2001)
United States

Measurement method
(environmental
component)
Non-randomised intervention 24-hour dietary
study at 1 intervention and 2 recalls of 160
control worksite canteens.
employees at pretest
Increased availability of foods and 93 at posttest
lower in fat
Study design

Randomised intervention
study at 14 intervention and
14 control worksites all with
canteens. Multi-component
intervention, targeting both
individual and environment
levels

(Steenhuis et al.,
Randomised intervention
2004b; Steenhuis et study at 17 worksite canteens.
al., 2004a)
One control group and three
The Netherlands intervention conditions: 1)
education only, 2) education
and healthy food supply in six
product categories and 3)
education and labelling

Intervention effect:
Changes in dietary intake
(environmental component)
+3 percentage of energy
obtained from saturated fat for
regular clients at the
intervention cafeteria (p<0.05).
No changes were found in the
control group

Plate observations of +0.4 servings fruit and
canteen meal
vegetables per lunch meal
selections at one lunch served in the intervention
hour at each site.
worksites and +0.2 at the
control worksites. No
significant differences between
groups.
Food Frequency
Questionnaire among
621 regular visitors
and sales data for
targeted products

Heartbeat award Non-randomised intervention Food Frequency
(HBA) (Holdsworth study at 4 intervention and 2 Questionnaire among
et al., 2004)
control worksite canteens
577 employees
England
(sites applying for but not
(lunch)
receiving the award). Change
menus to >1/3 healthy choices
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No significant effects on intake
data for any of the conditions.
Regarding sales data only the
labelling on desserts showed a
significant effect

Positive changes were found in
four out of 20 foods consumed
by employees in HBA-holding
premises: Increase in
consumption of fruit, reduction
in consumption of fried foods
and sweet puddings and change
to lower fat milks

The 6 a Day
Intervention study at 5
Canteen Study
worksite canteens. Increased
(Lassen et al., 2004; availability of canteen fruit
Thorsen et al.,
and vegetables based on
participatory approach and
2010)
Denmark
goal setting

Weighing of all fruit
and vegetable
consumed at the
canteens and
customer counting for
three weeks

+95 g fruit and vegetables
consumed per lunch meal.
Significant increases in all 5
worksites. The effect size was
sustained 5 y after the
intervention in 4 of the
worksites (p<0.001)

Food at Work
Randomised intervention
Chemical analysis of -11 percentage of energy
(Lassen et al., 2010)study at 5 intervention (3 with canteen customers
obtained from fat in lunch
canteens) and 3 control
duplicate plates at two meals consumed at the
Denmark
worksites (2 with canteens). different days at each intervention worksites with
Multi-component intervention site (144 plates)
canteens (p<0.001). No
significant changes were found
targeting both individual and
in the control group
environment levels based on a
participatory approach and
goal setting
(Lowe et al., 2010) Intervention study at 2
United States
worksite canteens and
randomly assignment of
participants into one of the
two intervention conditions:
1) 10 new low-energy-density
foods and labelling. 2) plus
education and pricing
incentives

Cash register to
quantify 96 regular
canteen customers
lunch purchases

ISAFRUIT project Non-randomised intervention Two times 24-hour
(Alinia et al., 2010) study at 5 intervention and 3 dietary recalls of 124
control worksites. Providing employees
Denmark
a daily piece of free fruit at
work
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Percentage of energy from fat
in purchased lunches showed a
main effect during the
intervention period (from
45E% to 39E%). Changes in
both conditions were similar

+112 g fruit and vegetables
consumed per employee on a
daily basis in the intervention
group (p=0.002). No significant
changes were found in the
control group

Table 1.3. Studies with output measures on relative changes in sale figures in worksite intervention
studies targeting the food environment alone or as part of a multi-component intervention strategy
Study, author
and country

Design and intervention

Measurement method Intervention effect:
(environmental
Changes in sale figures
component)
(environmental component)
Canteen cash register Fruit and salad purchases
receipts
increased threefold in the
intervention period

(Jeffery et al.,
1994)
United States

Intervention study at one
worksite canteen. Increased
variety and reduced price of
fruit and salad

(Levin, 1996)
United States

Non-randomised intervention Canteen sales analysis Increased sales of targeted lowstudy at one worksite and one
fat entrees at the experimental
control worksite canteen. A
cafeteria. No change in sales at
heart symbol next to three lowcontrol site.
fat entrées

(Perlmutter et al., Intervention study at one
Canteen sales analysis No significant differences in
1997)
worksite canteen (5 phases).
sales figures for the modified
United States
Modification of entrees to
dishes
include less sodium and fat and
marketing of modified entrees
(French et al.,
1997)
United States

Nine vending machines at four Sales analysis on
locations. Three time periods. vending machines
50% price reduction on low-fat
snack options

The percentage of low-fat
snacks sold increased about
80% during the low-price
intervention from 26% to 46%
of total sales.

The CHIPS study
(French et al.,
2001a)
United States

Intervention study at 12
Sales analysis on
worksites and 12 secondary
vending machines
schools. Sites were assigned
randomized sequence of
treatment conditions. Price
reduction on low-fat snack
options from vending machines

Increases in low-fat snack sales
by 9%, 39%, and 93% at price
reductions of 10%, 25%, and
50% respectively. Promotional
signage was weakly associated
with increases in low-fat snack
sales.

(French et al.,
2010)
United States

Non-randomised intervention Sales analysis of
study at two intervention and healthy items on
two control worksites (bus
vending machines
garages). Increased availability
and price reduction of healthy
items from vending machines

Increasing availability by 50%
and reducing price by averagely
31% resulted in 10% to 42%
higher sales of the healthy
items

22

The methodologies used in the studies vary widely, and there seems to be a number of shortcomings both
with regard to study design (e.g. no control group), intervention description and implementation (e.g. not
tailored to the specific worksite) and the measurement method used (e.g. collection of data from one day
only despite large day-to-day variation in canteen offering). Yet, the outcomes from the studies suggest
some promising results in influencing employees to consume more healthy foods. This includes studies
focussing on increasing the accessibility of healthy choices. Both the 6 a Day Canteen Study and the Food at
Work used participatory approach and goal setting to motivate canteen staff to increase healthy food
options as well as reducing the availability of more unhealthy foods. The 6 a Day Canteen Study focusing
specifically on fruit and vegetable consumption in five selected worksite canteens in Denmark, showed
significant increases in the total consumption of fruits and vegetables for all worksite canteens from
baseline to short-term follow-up; 95 g per customer on average per meal corresponding to 1 serving. A
long-term follow-up data collection 5 years after the beginning of the intervention (Thorsen et al., 2010)
revealed that four out of five worksite canteens were able to either maintain the results of the
intervention or even increase the fruit and vegetable consumption. The Seattle 5 a Day Worksite Program
likewise focusing on changes in fruit and vegetable consumption in a wide range of worksite types all with
cafeterias revealed an average increase of 0.4 servings in the intervention worksites from plate
observation at cafeteria checkout lines (Beresford et al., 2001).
In the Food at Work study a favourable change in the nutritional composition of the meals was
demonstrated, showing a median fat reduction of 11 E% of the lunch selected by the employees in the
intervention group (Lassen et al., 2010). There was no change in neither energy intake nor fruit and
vegetable content during intervention. Duboi et al. (Dubois et al., 1996) found significant reduction of
saturated fat of 3 E% among regular clients at the intervention worksite based on 24-hour dietary recalls.
A range of changes in availability was applied, including modified recipes, increased availability of lowerfat dairy and meat products, decreased portion sizes and using unsaturated fats for sauces, salad
dressings and cooking. Lowe et al. (Lowe et al., 2010) found that introduction of 10 new low-energy
density foods, providing nutrition label and financial discounts for purchasing low-energy density food
items was associated with decreased energy from fat in the purchased lunches. On the other hand the
study by Steenhuis et al. (Steenhuis et al., 2004b) based on changes in six product categories showed no
significant effects on intake data.
Food pricing has been suggested to be an effective tool to affect food choices, and large effects of price
reduction on sales of fresh fruits and vegetables at a worksite canteen have been demonstrated (Jeffery et
al., 1994). This is in line with a study comparing nutritional intake among customers having lunch at
worksite canteens serving buffet style with those having lunch at canteens with à la carte style serving, i.e.
worksite canteens with a fixed price for a varied number of dishes. On average, employees having lunch at
buffet style canteens consumed 76 g more fruit and vegetables per lunch than those having an à la carte
lunch (Lassen et al., 2007b). Thus, more customers were encouraged to combine different options,
including salad, fruits and snack vegetables, when these options were included in the buffet price.
Price reduction as well as increased availability of healthy options at vending machines was also found to
increase sale of healthy items in three studies by French and colleagues (French et al., 2001a; French et al.,
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2010; French et al., 2001b; French et al., 1997). Employees were mostly price responsive for snack
purchases (French et al., 2010).
Worksite fruit programs where employees receive a free piece of fruit every working day have been
shown to be another effective approach in increasing employees’ daily fruit intake; 112 g on average per
day compared to baseline in the intervention group. No significant difference in intake was seen in the
control group. In Denmark worksite fruit programs have gained increasing popularity, and in 2008 a
questionnaire among 1800 Danish companies revealed that close to half of the companies had a fruit
program (Sundhedsstyrelsen, 2008). This is a fine example of how a fairly simple health promotion
approach aiming at providing fruit at breaks can result in significant changes in employees’ daily intake.
Other studies have been less positive in outcome. This include studies promoting ‘healthier’ menu items
through nutrition labelling and/or health education (Stubenitsky et al., 2000; University of Crete School of
Medicine, 2000). Although some positive effects have been shown, providing nutritional information to
consumers at the point of purchase does not have strong research support (French et al., 2001a; Steenhuis
et al., 2004b). Levin (Levin, 1996) however found an increase in low-fat entrees labelled with heart
symbols.
Providing healthy Canteen Take Away is a more recent worksite initiative that seems to be growing in
popularity in the Western countries (Wanjek, 2005). However, to our knowledge the effectiveness of this
health promoting concept in improving employees’ dietary habits has not been described in the scientific
literature until now. Possible nutritional health benefits may include improvement of the nutritional
quality of the diet of employees and their families directly by provision of healthy meals that may
substitute less healthy meals, including other types of ready meals and fast-food (Jeffery et al., 2006) and
in the long term influence the norms for healthy eating (Winston et al., 2008). From the perspective of the
employee another important argument for supplying CTA meals is a way of tackling the work-family
conflict (Roos et al., 2007). CTA meals may reduce the time needed for shopping, cooking and cleaning at
home thereby supporting the employees in their daily life to balance work demands with personal and
family commitments (Carnethon et al., 2009).

Implementation of healthy eating initiatives at worksites
The successful implementation of health promotion initiatives depends on the enthusiasm of many
stakeholders at the worksites who have the power to contribute to, or hamper an implementation of the
initiatives. Thorsen stresses that in order to be successful the health promotion initiatives need to be
tailored to local cultural and dietary realities of the particular worksite environment in which it is
implemented (Thorsen et al., 2010). Other important conditions that may increase sustainable worksite
healthy promotion initiatives are anchoring the initiatives at both top and bottom levels of a worksites
organisation. This includes linking the initiatives to organizational objectives, support from top
management, stakeholders’ participation, motivation and ownership in all phases of the program
development and implementation (Larsen et al., 2008; Lassen et al., 2007a).
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At the ‘bottom’ level the canteen staff is often those most directly involved in implementing the
programmes. It is well recognized that improving the nutritional quality of food served can be challenging,
and efforts to change the food selection and content may be met with resistance by both the canteen staff
and the customers (Glanz et al., 2007; Pope et al., 1995; Steenhuis et al., 2004a). In order to support the
ongoing progress towards healthier menu meals, key actors including food service professionals need to
be motivated and prepared to implement the program. The development of an assessment tool directed at
the worksite canteens would be valuable for providing self-evaluation and setting targets for the work.
Moreover getting a positive attitude among employees is crucial. Obstacles in relation to the promotion of
healthy eating may include a range of structural barriers, for example time to participate, production
conflicts and shift work (Sorensen et al., 2004; Wandel et al., 2005), as well as aspects like resistance to
breaking old habits, a perception that wellness programs are contrary to their work culture (the ‘macho’
factor) or scepticism about management’s commitment to improve worker’s health (Canadian Labour and
Business Centre, 2003; Roos et al., 2001). Additionally, many people perceive food intake and their overall
health as a personal issue (Steptoe et al., 2004; Taylor et al., 2004). Nevertheless, it has been shown that
under given conditions, employees at both white and blue-collar worksites have a positive attitude
towards the worksite promoting and implementing healthy eating at the worksites (Lassen et al., 2007a).
The use of participatory strategies is important to assure that programs are responsive to employees’
needs and priorities. Participation (involvement) is mentioned as one of the most important principles of
the health promotion concept of WHO (Chu et al., 1994). Employees and others are requested to
participate in the development, implementation and evaluation of health promotion programs directly
affecting their living and working conditions.

Summary: The worksite arena
The potential of the worksites for promoting healthy eating among the adult working population has
received increasing attention in recent years. Research does not provide definitive guidance toward the
optimal work-site strategies for promoting healthy eating. Very promising, however, seems to be studies
aimed at increasing the availability and accessibility of healthy food at the worksite either in conjunction
with individually directed educational programs or as stand-alone interventions. Importantly, initiatives
need to be tailored to the needs of the particular worksite environment in which it is implemented. Also
price strategies have shown to be effective in influencing eating behaviours. Health promoting initiatives
across the settings of the worksite and home environments provide another opportunity for enabling and
promoting healthy eating pattern. More research is warranted on solution-oriented, real-life setting
research that also takes into consideration the motivation and empowerment of the stakeholders in the
environments to provide sustainable improvements in dietary intakes in the population as a whole.
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1.3. Digital methods for dietary assessment
Achieving accuracy and precision in assessing dietary intakes is always a challenge. There is no ‘one-sizefits-all’ dietary assessment tool appropriate for all research conditions, and there is always a trade-off
with the choice of any diet assessment methodology. Several methods are available that possess both
strengths and limitations. The choice of method will ultimately be influenced by several factors including
response rates, accuracy and costs. Traditional methods for assessing dietary intake such as 24-hour
dietary recalls, diet records and food frequency questionnaires depend largely on the participants'
memory and/or ability to estimate portion sizes. Weighed records are often regarded as a ‘gold standard’
method for individual level dietary assessment, but this method is time-consuming and demanding for the
participants (Gibson, 2005). Also, meal observations are considered a reliable method for collecting
dietary intake data, but there are limits regarding the number of observers who can be included and
trained, and the number of persons who can be observed simultaneously (Burgess-Champoux et al.,
2008).
In recent years new applications of digital technologies, including photographs and visual imaging, to
capture dietary behaviour in real-time have been explored. Different digital methods are examined in
order to improve estimation precision and refine the method for use in various settings with various
purposes. A schematic illustration of the different steps in the digital method is given in Figure 1.2.
Recording
food intake

Food identification
and weigh estimation

Nutritional
evaluation

Figure 1.2. A schematic illustration of the different steps in the digital method
Depending on the specific context and the target group the recording of the actual food intake can be
accomplished by a research team or by the participants themselves. Recording involves both taking the
images of the food before and after consumption of the meals and getting information on product types,
recipes etc. Different camera technologies have been used including both disposable cameras and mobile
phones or personal digital assistants with camera. Next step involves food identification and portion size
estimation of the recorded foods, which so far mostly have been done by human labour on basis of either
specific reference meals or a general reference data base. Finally, data collected on weight estimates need
to be further converted to measures of nutritional quality. This can be done by simple counts of food
servings as suggested by Swanson (Swanson, 2008) or by using a food based index or food checklists as
done by Mitchell et al. (Mitchell et al., 2009). Other studies have coupled the estimated food intake weights
to nutrient databases (Higgins et al., 2009; Small et al., 2009).

Digital methods for assessing food intake away from home
The use of digital photographic technologies have been used in various out-of-home facilities including
laboratory facilities (Martin et al., 2009; Williamson et al., 2003) and dining facilities at universities
(Williamson et al., 2004), nursing homes (Simmons et al., 2000) and elementary schools (Martin et al.,
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2007; Mitchell et al., 2009; Swanson, 2008). The advantages of using the digital method are that it
captures images in real-time and does not rely on participants’ literacy, motivation or ability to recall
portion size. Also, when using the digital method in canteen settings the food and the nutrient intake data
can be collected from a large group with minor interaction with the participants, thereby decreasing
response burden. This may be especially important when carrying out studies in workplaces, where the
study population can be expected to have little time to devote to assessment due to job demands etc.
(Glasgow et al., 1996). The digital method could thereby be useful for research on evaluating the impact of
different intervention programs and experiments to improve understanding of food environments and
their impact on dietary behaviours (Mitchell et al., 2009; Story et al., 2009).
The methodology generally involves taking images of participants’ food selection and plate waste by a
research team using a standardized procedure. Reference dishes from the dining facility with known
weights of individual foods within the meals can be used to estimate the weights of participants’
individual food intake.
Swanson and colleagues (2008) demonstrated the utility of a digital method at two elementary schools
over two days serving 6-7 different meal options each day. Each food tray was reported to take less than 5
seconds to set up and photograph (Swanson, 2008), thereby causing minimum disruption to the
participant’s normal behaviour and respondent burden. Mitchell and colleagues evaluated the School
Food Checklist based on digital analysis, and found it to be a reliable method for measuring the food
contained in children’s packed lunches in five school settings (Mitchell et al., 2009). Finally, Williamson
and colleagues found the digital method to be valid when compared to weighed measures of six different
test menus (Williamson et al., 2003). They also demonstrated the validity of a digital method by
comparing it to direct visual estimation of food consumption among college students in a single cafeteria
setting on one day (Williamson et al., 2004).
To our knowledge, none of the published studies use the digital method at workplace canteens offering
greater variety of menu options, including buffet meal options. Neither have any of the published studies
evaluated the possibility of improving the estimation precision of the digital method by weighing the
participants’ plates before and after consumption of the meals to get the total weights of the food
consumed. The weighing can be done easily and quickly with practically no extra burden to the
participants.

Digital methods for assessing food intake among free-living individuals
With regard to assessing the food intake of free-living individuals several issues complicate the usability
of the digital method. First, it requires that the participants take images themselves thereby introducing
greater participant burden and potentially lower photo quality and compliance, which may also lead to
increased estimation errors. Second, it is not possible to take images of reference dishes directly related to
the food eaten and the dinner services used. Instead, a database with reference images of commonly eaten
foods on standardized plates etc. must be applied which may increase estimation error. Especially
estimation of the beverages served in non-transparent drinking glasses may be problematic.
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Nevertheless, recent validation studies have shown promising results among both children (Higgins et al.,
2009; Small et al., 2009) and adults (Kikunaga et al., 2007; Martin et al., 2009) using different camera
technologies including both disposable cameras and mobile phones or personal digital assistants with
camera. Kikunaga and colleagues (Kikunaga et al., 2007) compared a handheld digital assistant with
camera and mobile phone with weighed diet record as the reference method among college students, and
found median nutrient intakes to be comparable. Martin and colleagues (Martin et al., 2009) tested the
digital method using a camera-enabled cell phone for total energy estimation among a free-living adult
population receiving pre-weighed evening meals to eat at home. Results indicated that the digital method
produced reliable estimates of energy intake of the dinner meals. However, as the food was provided by
the researchers the variety of meals was limited and not necessarily representative of the habitual diet.
The digital method used among free-living individuals may have a broad range of applications including
studies that require a long recording period. Multiple days of recording may be required to capture
individuals’ usual intake under free-living conditions as day-to-day variability in diet is known to be high
(Basiotis et al., 1987). Dietary surveys usually have a maximum duration of 7 days at the most, because
participant fatigue otherwise may result in less accurate reporting by the end of the recording period
(Lillegaard et al., 2007).
Wang et al. (Wang et al., 2006) asked participants how long they would be willing to continue recording
their diet using the so-called Wellnavi instrument – a hand held personal digital assistant with camera.
About half of the participants were willing to do so for about one month. Higgins and colleagues (Higgins
et al., 2009) concluded that the digital method they tested was more convenient and less burdensome for
children and their families compared to the traditional food diary method, and Boushey et al. (Boushey et
al., 2009) found that dietary assessment methods using technology, e.g. a personal digital assistant or a
camera, were preferred among adolescents compared with the pen and paper record.
The food images may in addition be used qualitatively to gain more insight into the food behaviour of the
target population (Keller et al., 2008).

Summary: Digital methods for dietary assessment
To evaluate the effectiveness of the various strategies for improvement of the food and eating
environment, simple and valid monitoring tools are needed. New applications of digital technologies,
including photographs and visual imaging, to capture dietary behaviour in real-time have been explored in
recent years. The digital photographic method involves different steps from taking the images of the food
eaten to subsequent portion size estimation and evaluation of the nutritional quality. Different methods
have been used in different context both for assessing food intake away from home and for assessing meal
intake among free-living individuals. However, more work is needed to improve the accuracy and
precision of the methods including in worksite canteens offering a great variety of menu options and
buffet meal selection. Also, using the method among free-living population the precision and accuracy of
the method to estimate participants’ habitual diets needs to be established in addition to the feasibility of
the method in terms of participants’ satisfaction and willingness to recording their meal intake.
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1.4. Evaluation of overall nutrient quality of foods and diets
Food and diet quality scores
Evaluation of overall nutrient quality of foods and diets is increasingly in focus as an alternative or
supplement to the traditional approach of investigating the effect of single dietary components (2010
DGAC Membership, 2010; Toft et al., 2007). Two major methods are used to reduce complex dietary data,
either predefined measures at the food or whole diet levels, or statistical approaches such as principal
component analysis or factor and cluster analysis to characterize dietary patterns using collected dietary
information.
Composing of predefined measures in terms of index or scores is a complex matter with a large degree of
subjectivity. The main advantage of these scores is that they all present one joint measure of different
dietary aspects instead of several independent measures (Kaluza et al., 2007). A variety of indexes and
scores have been developed to evaluate overall diet quality, including a simple dietary quality index based
on the intake of dietary fibre and saturated fat (Biltoft-Jensen et al., 2008), a Food Intake Patterns for the
MyPyramid Food Guidance System (Britten et al., 2006) and the Healthy Eating Index-2005 to conform to
the Dietary Guidelines for Americans 2005 (Guenther et al., 2008). Also, efforts have been carried out to
evaluate overall nutrient quality of individual food items using the nutrient profiling approach (University
of Crete School of Medicine, 2000; Drewnowski et al., 2009; Drewnowski et al., 2008; Tetens et al., 2007;
Mejborn et al., 2009). Nutrient profiling is the science of ranking foods based on nutrient composition.
Nutrient profiles can be used for different purposes, including food labelling and marketing control.

Figure 1.3. A visual model to compare existing nutrient profiling schemes; basic figure (Verhagen et al.,
2008)
Verhagen and van den Berg (Verhagen et al., 2008) have presented a simple visual model shown in Figure
1.3 where the various choices that can be made are indicated allowing for easy comparison of existing
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schemes. In no particular order the following choices are possible; a choice between a system based on
food categories or ‘across the board’, a choice between qualifying (e.g. fibre, ω-3 PUFA, fruits and
vegetables) and/or disqualifying ingredients (e.g. salt, sugar, saturated fat and energy), a choice for the
reference base, which can be per 100g, 100 kJ, and/or per reference quantity/serving, and a choice
between a scoring system or a threshold system. When all the individual choices have been made and
agreed upon, the system of choices needs to be validated and tested.
With regard to indicators of nutrient quality of whole meals research remains limited. Recommendations
and evaluations referring to the whole diet or individual food items may be difficult to translate by
caterers and consumers into daily meal planning and practice. Moreover the commonly used dietary
scores are based on nutrients and/or nutritional indicators in contrast to food products and may
therefore be difficult in direct communication with a general public (Kaluza et al., 2007).

Energy density
Energy density has been shown to be inversely connected to overall diet quality and increased nutrient
density (Schroder et al., 2008; Patterson et al., 2010). Moreover, energy dense foods are regarded as
convincing determinants in relation to the obesity epidemic (WHO, 2003). The Second Expert Report from
the World Cancer Research Fund and the American Institute for Cancer Research recommend the average
energy density of diets to be lowered from the current around 770 KJ per 100 g (185 kcal) (Ledikwe et al.,
2005) towards 520 kJ (125 kcal) per 100 g excluding drinks (World Cancer Research Fund / American
Institute for Cancer Research, 2007). Low energy density is associated with low-fat and/or water-rich
foods such as fruit, vegetables and wholegrain products (Astrup, 2008).
The energy density of a food or a diet is a measure of the amount of energy provided per unit weight.
Different methods are used in the literature to calculate energy density including food only or including all
food and drinks. Johnson et al. (2009) suggest that food and drinks should be treated separately as they
have differing effects on satiety and energy intake. Also, the exclusion of beverages in the calculation of
energy density increases comparability with other studies (Johnson et al., 2009; Rolls, 2009).

Summary: Evaluation of overall nutrient quality of foods and diets
A range of scores, indexes and nutrient profiling systems has been developed in order to evaluate overall
nutrient quality of diets or foods, whereas research with regard to the nutrient quality of whole meals,
including canteen meals, remains limited. Also, energy density has been shown to be a good indicator of
diet quality. The main advantage of using scores or index systems is that they all present one joint
measure of different dietary aspects instead of several independent measures. However, composing of a
predefined index or a score is a complex matter with a large degree of subjectivity. Different aspects need
to be considered including qualifying and/or disqualifying ingredients, a choice for the reference base and
a choice between a scoring or a threshold system.
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2. Aim of the PhD study
The overall aim of the present PhD study was to contribute to the evidence base of effective healthy eating
promotion initiatives at the worksite. The objectives of the four papers included in the present thesis were
the following:
To evaluate digital methods for assessing food intake at worksite canteens offering a variety of
meals (Paper I) and assessing home evening meal intake in an adult population (Paper II).
To develop and validate a simple Healthy Meal Index reflecting the nutritional profile of individual
canteen meals (Paper III). The index was developed both for scientific purposes and to assist
caterers in making healthy meal offers without having to use nutrient-calculation software.
To investigate the effectiveness of the canteen take away concept in promoting healthy eating by
evaluating the nutritional quality of employees’ evening dinner meal intake and their total daily
intake on weekdays receiving CTA compared to other weekdays not receiving CTA (Paper IV).

Personal

Figure 2.1 illustrates the range of factors influencing food choice and behaviour, as described in Chapter
1.1, showing the objectives of the present thesis. The digital method for assessing home evening meal
intake and the Healthy Meal Index was used to evaluate the nutritional quality of employees’ evening
meals in Paper IV.

Settings

Networks

Lifestyle, skills
and behavior
Cognitions
Demographics
(e.g. preferences,
and biological
attitudes, knowledge)
Family

Friends

Peers

IV: Healthy Canteen
Take Away
Restaurants,
fast food outlets
and supermarkets

Home

Worksites, schools
child care

Neighbourhoods
and communities

Sectors

III: Healthy
Meal Index
Media and
marketing

Cultural norms
Economic systems,
I-II: Digital methods for and values
government and
measuring food intake
Food production
political structures
Health care
Programs, tools and
and industry
and policies
systems
resources for supporting efforts
in health promotion

Figure 2.1. An illustration of the multiple influences on what people eat showing focus points of the
present thesis in gray boxes
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3. Methods
3.1. Digital methods for dietary assessment (Paper I-II)
Three variants of the digital photographic method were evaluated as illustrated in Figure 3.1, here named
method A and B (Paper I) evaluating canteen food intake, and method C (Paper II) evaluating evening
meal intake among a free-living adult population.
Recording
food intake

Paper I: Canteen meals
Recording by
research team
and canteen
Paper II: Evening meals
(free-living individuals)
Recording by
participants

Food identification
and weigh estimation

Nutritional
evaluation

Reference plates
(method A)

Reference plates
and total weigh
(method B)

Calculation of
dietary intake
(e.g.GIES)

Reference
database
(method C)

Figure 3.1. A schematic illustration of the steps involved in the three variants of the digital method
evaluated in the present thesis (method A, B and C, respectively)

Comparing the validity of two variants of the digital method for assessing canteen meal intake
(Paper I)
The digital methods A and B for assessing canteen meal intake were evaluated using digital images of
weighed duplicate plates of customers’ self-selected canteen meals. The exact same methodology was
applied to the two methods except for providing the image analyst with the total weight of the meals with
regard to method B. It was therefore possible to compare directly the two digital methods with regard to
precision of the weight estimations of the individual foods within the meals.
Briefly, the study included 19 workplaces with in-house canteens (Lassen et al., 2007b; Lassen et al.,
2007a). The duplicate plate method was used to collect customers’ self-selected meals. Recording and
collection of reference portions were accomplished by laboratory technicians. Individual foods on the
duplicate plates excluding food left unconsumed, were identified and weighed using a digital balance
weight. One hundred meals were included in the present study to comprise a great variety of meals from
different worksite canteens. The one hundred meals were stratified by meal type and randomly assigned
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to one of two groups in order to evaluate the estimation accuracy of the two different digital methods
providing either no reference information for the image analysts on weights (digital method A, 50 meals)
or providing the image analysts with the total weight of the meals (digital method B, 50 meals). Weight
estimation was done by two trained image analysts independently. For more details and description of the
estimation procedure see Paper I.

Validity and feasibility of the digital method for assessing evening meal intake in a free-living adult
population (Paper II)
The digital method C, evaluating the evening meal intake among a healthy adult population, was compared
against weighed records of 19 participants’ usual evening meals for five consecutive days. This method
differed from method A and B in several ways. First, as the recording took place in peoples’ own homes,
the recording was accomplished by the participants themselves. This method included taking pictures of
the food before eating and again after they had finished eating, including possible leftovers. Second, it is
not possible to take images of reference dishes directly related to the food eaten. Instead a database with
reference images of commonly eaten foods was developed. The weights of the individual foods excluding
leftovers were recorded by two trained image analysts independently. Furthermore, 28 participants
recorded their evening meals on weekdays for three consecutive weeks (the Canteen Take Away study)
were interviewed individually at the end of the registration period to get their perspective on the
feasibility of the method. For more details and description of the estimation and interview procedure
please see Paper II.

Data analysis (Paper I-II)
Agreement between actual and estimated weights was determined for each food category (all methods)
and nutrients (method C only) by Bland-Altman plots, regression analysis and cross-classification into
quartiles. With regard to method C weight values for the individual food categories and total energy
content was log-transformed to approximate normality. Furthermore, comparisons were made on the
energy-adjusted weight values (g/10 MJ) and on energy density (kJ/100 g). Finally, the intraclass
correlation coefficient was estimated to the weighted data to assess the inter-rater variability (all
methods). In all statistical analyses a significance level of 5% was applied.
The interviews (evaluating the feasibility of method C) were coded and analysed using the template
analysis approach (King, 2004). For more details and description of the coding procedure see Paper II.
Furthermore, a compliance rate was calculated by dividing the number of recorded meals with the total
possible meal number during the recording period.
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3.2. Development and validation of a simple Healthy Meal Index (Paper III)
Development and validity study
The development process is illustrated in Figure 3.2. Firstly, meetings were held with stakeholders to
identify needs and requirements for developing the overall model of a simple HMI. Secondly, components
to be included in the simple HMI were prioritized and nutritional goals established for each of the
components. Thirdly, specific main and intermediate criteria and thresholds for each component goal
were determined; and fourthly, a validity testing of the index was carried out.

Figure 3.2. Development and validation of the simple Healthy Meal Index following the nutrient profiling
approach. Modified from Verhagen and van den Berg (Verhagen et al., 2008).
Validity was examined qualitatively in terms of how well the nutritional goals corresponded with Danish
nutrient recommendations and food based dietary guidelines (Astrup et al., 2005; Mejborn et al., 2008;
Nordic Council of Ministers, 2004b), MyPyramid from US Department of Agriculture(Guenther et al.,
2008) and proportions illustrated by the Plate Model (Karlstrom et al., 1989; The British Dietetic
Association, 2003). Furthermore, to explore the effects of the simple HMI on nutrient and food content,
the HMI was applied to a study sample consisting of 180 canteen meals. The sample was split into four
almost equal sized categories according to total index score: The ‘least healthy’, the ‘less healthy’, the
‘healthy’ and finally the ‘most healthy’ categories. Finally, the validity of the fat content and quality
component score was examined by comparison with analyzed fat contents in terms of percent of energy
from both total fat and saturated fat. For more details and chemical analytical procedure see Paper III.

Data analysis
Continuous outcome data were compared using one-way ANOVA if distributed normally, i.e. age, portion
size, protein (E%), total fat (E%) and saturated fat (E%), followed by Tukey's post hoc test to assess
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differences among the categories. The Kruskal-Wallis test was used when data were skewed followed by
Mann-Whitney post-hoc test. The chi-square-test was used to compare discrete data variables, i.e. sex
distribution and prevalence of white collar employees. The Pearson correlation coefficient was used to
assess the linear relationship between the log-transformed calculated number of fat versus starch units
and total fat (E%) as well as the relationship between the fat content and quality score and both total and
saturated fat (E%). P<0.05 was considered as statistically significant.

3.3. Effectiveness of a Canteen Take Away concept (Paper IV)
Study design and dietary assessment
A financial worksite that offered CTA twice a week to 750 employees was invited to participate in the
present study. The worksite had offered take-away meals from an in-house canteen for almost five years,
being one of the first companies to offer CTA in Denmark. The simple food-based Healthy Meal Index was
provided to the canteen as a tool to evaluate the nutritional quality of the CTA-meals. All employees
working at the worksite were given the opportunity to participate in the present study by an
announcement in the worksite’s internal newsletter describing the study. The number of participants
included in analysis was 27. Participants received CTA meals free of charge throughout the study period
to themselves as well as to their families. For more details and recruitment procedure see Paper IV.
Four non-consecutive in-person 24-h dietary recalls were applied to measure the food intake during the
previous weekday in order to get total dietary intake on CTA and on days not receiving CTA (non-CTA
days). Furthermore, a digital photographic method recording the evening meal intake at weekdays for
three consecutive weeks was applied to obtain more precise nutrition information on CTA meals in
relation to non-CTA meals. Participants were provided with digital cameras and given oral instruction as
well as a detailed written information on how to capture images of their evening meals served on plates
(both CTA and non-CTA meals) as described in Paper II and IV (Figure 3.3 shows three examples of images
of CTA meals).
The software program General Intake Estimation Systems and the Danish Food Composition Databank
(Saxholt et al., 2008) were used to calculate food and nutrient intake for both dietary assessment
methods. Besides, the simple Healthy Meal Index was applied to evaluate the nutritional composition of
the dinner meals. For more details and background information assessment see Paper IV.
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Figure 3.3. Three examples of images of CTA meals

Data analysis
First, all outcome variables were described univariately in terms of unadjusted mean differences between
CTA and non-CTA meals. Then a multivariate analysis was performed by means of a mixed effects model.
The meal type was included as a fixed effect as well as gender, age and education (2 levels). In order to
adjust for dependency in repeated measures within subjects, random effects were added for employee.
Homogeneity of variance and normality of the residuals were examined using graphical methods. Given
the multitude of statistical tests, a P-value of <0.01 was taken in order to reduce the probability of falsepositive findings.
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4. Results and discussion
4.1. Digital methods for dietary assessment (Paper I-II)
Validity
Table 4.1 and Table 4.2. summarizes the results from Paper I and II, respectively. Additional results have
been added to the tables with regard to Bland-Altman limits of agreement and differences between
estimated and actual weights expressed in percentage of the actual weights. High correlation coefficients
between the digital methods and weighed records were found for all three variants of the digital method
and for all food categories. Also high correlation coefficients were seen regarding energy and
macronutrient estimation for method C. Moreover, the cross-classification analysis revealed that the
majority of the estimated intakes were correctly ranked. The proportion of food categories classified in
the same quartile ranged from 62% to 82% and from 69 to 92% using the digital methods A and B,
respectively. With regard to method C the proportion of food categories (expressed as g/10 MJ), energy
content and macronutrients classified into the same quartile ranged from 56% to 82%.
Table 4.1. Regression, cross-classification analysis and Bland-Altman limits of agreement between actual
(weighed record) and estimated weights for different food categories in canteen meals using the digital
methods A (no weight provided to the image analysts) or method B (total weight provided to the image
analyst)

Canteen meals
(Paper I)

Classified
Regression
into
slope
same/same
Estimated
Actual
Limits of
95%
or adjacent
1
2
Difference Correlation quartile confidence agreement
content
content, g
intervals Lower Upper
%
mean (SD) mean (SD) % P-value coefficient3

Digital method A
Food categories (g)
Meat/fatty products (n =50)
Fruit and vegetables (n =40)
Starchy products (n =47)
Total weight (n =50)

163
91
126
354

(101)
(81)
(82)
(126)

165
82
120
344

Digital method B
Food categories (g)
Meat/fatty products (n =50)
Fruit and vegetables (n =39)
Starchy products (n =45)
Total weight (n =50)

173
89
125
354

(116)
(80)
(85)
(142)

168 (113)
90 (80)
129 (88)
-

(98)
(65)
(74)
(117)

1
-9
-4
-3

0.790
0.093
0.362
0.065

0.95
0.89
0.96
0.90

82/100
63/98
81/100
62/98

0.86 - 0.98
0.81 - 0.97
0.88 - 1.02
0.79 - 0.97

-52
-56
-47
-90

56
58
55
96

-2 0.057
2 0.390
3 0.236
-

0.97
0.97
0.97
-

92/100
69/100
84/100
-

0.89 - 1.03
0.94 - 1.09
0.93 - 1.09
-

-39
-36
-34

30
38
42

Average of the two image analysts’ weight estimations
(Estimated - actual content)*100/actual content, signed rank test
3
Spearman correlation coefficient
1
2
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The correlation coefficients found in the present study using the digital methods were in accordance with
correlation coefficients found using visual meal observation. In a study by Shatenstein et al. (Shatenstein
et al., 2002) among older adult residents in an institutional setting the correlation coefficients ranged
from 0.72 to 0.95 for different food categories at lunch meals when compared to weighted records.
Table 4.2. Regression, cross-classification analysis and Bland-Altman limits of agreement between actual
(weighed record) and estimated weights for different food categories in evening meals (free-living
individuals) using the digital methods C (no weight provided to the image analysts)

Evening meals among
free-living individuals
(Paper II)

Digital method C
4
Food categories (g)
Meat products (n =85)
Fruit and vegetables (n =58)
Starchy products (n =74)
Fatty products and sauce (n=36)
Total weight (n =88)
Food categories (g/10 MJ)
Meat products (n =85)
Fruit and vegetables (n =58)
Starchy products (n =74)
Fatty products and sauce (n=36)
Total weight (n =88)
Nutrients
Energy (kJ )4
Energy density (kJ/100g)
Fat (E%)
Carbohydrate (E%)
Protein (E%)

Classified
Regression
into
slope
same/same
Estimated
Limits of
Actual
95%
or adjacent
1
2
content
Difference Correlation quartile confidence agreement5
content, g
intervals Lower Upper
mean (SD) mean (SD) % P-value coefficient3
%

210
130
173
58
462

(145)
(95)
(76)
(28)
(152)

176
116
157
50
404

(104)
(80)
(76)
(23)
(138)

-16
-10
-9
-14
-13

<0.001
0.002
<0.001
0.021
<0.001

0.91
0.94
0.86
0.83
0.83

72/99
74/100
68/95
61/100
63/93

1018
600
796
271
2186

(781) 1005 (744)
(437) 598 (435)
(342) 782 (303)
(133) 251 (121)
(628) 2148 (615)

-1
0
-2
-7
-2

0.652
0.655
0.644
0.107
0.006

0.95
0.94
0.87
0.87
0.95

2220
493
32.8
45.2
21.7

(744)
(131)
(11.5)
(13.3)
(6.8)

(691) -11 <0.001
(132) 2 0.074
(11.7) 1 0.564
(13.3) -1 0.358
(6.5)
0 0.961

0.89
0.95
0.97
0.96
0.95

1970
501
33.2
44.7
21.7

0.76 - 0.88
0.78 - 0.93
0.85 - 1.03
0.61 - 0.93
0.85 - 1.08

-85%
-85%
-74%
-108%
-68%

32%
36%
29%
37%
21%

78/99 0.90 - 0.98
72/100 0.90 - 1.03
65/95 0.74 - 0.90
56/100 0.58 - 0.93
78/99 0.86 - 0.99

-386
-241
-316
-178
-555

360
236
287
138
478

64/98
78/99
82/100
77/100
77/100

-60% 20%
-75
91
-5.2 6.0
-8.2 7.2
-4.3 4.3

0.83 - 1.03
0.89 - 1.02
0.94 - 1.04
0.89 - 1.02
0.84 - 0.97

Average of the two image analysts’ weight estimations
(Estimated - actual content)*100/actual content, signed rank test
3
Spearman correlation coefficient
4
Correlation and regression analysis on log-transformed data
5
In case of log-transformed data, limits of agreement cannot be expressed in the absolute units of measurement.
Instead, antilogs of the limits of agreement were calculated to express the intervals (range of percentages)
1
2

No significant differences between mean weighed values (g) were seen for method A and B for any of the
measured food categories, whereas mean estimated weights for all food categories with regard to method
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C were significantly lower than the weighed values when expressed as g per meal (log-transformed).
Likewise, the energy content was significantly underestimated using the digital method C. However, none
of the energy adjusted estimated mean weight values (g/10 MJ) differed significantly from the weighed
values, nor did energy density or any of the macronutrients expressed as percentages of total energy.
Two studies evaluating the validity of the digital method among adults similarly found significant
underestimation of energy intake compared to weighed measures (Kikunaga et al., 2007; Martin et al.,
2009). This underestimation should be addressed in image analysts’ training programs in order to
improve the accuracy of estimates.
Examination of Bland-Altman plots indicated that using the digital method B providing the image analyst
with the total weight of the meals slightly improved the estimation results for all food categories
compared to method A by decreasing the number of extreme values (see plots in Paper I). This resulted in
narrower ranges between the two limits of agreement. With regard to method C the Bland-Altman plots
cannot be directly compared to those used in method A and B, as the weight values were either logtransformed or energy-adjusted (see selected plots in Paper II). However, compared to method A and B it
seems that limit of agreements are a little wider. For more details and results on intraclass correlation
coefficients between image analysts see Paper I and II.
Several aspects may influence the level of agreement including the number of hidden or unobservable
foods or foods that are highly amorphous and thereby difficult to estimate. Method A and B provide
reference dishes from the canteen facility with known weights of individual foods within the meals which
may help estimating especially these types of foods that otherwise would be difficult to estimate. Method
B furthermore provides the total weight which seemed to decrease the number of extreme values
especially in the ‘high ends’. With regard to method C used among free-living individuals the digital
method procedure was developed to keep the eating situation as close as possible to normal in order to
limit the interference of the dietary assessment method with the subject’s usual dietary behaviour. It is
possible that the estimation error could be reduced in free-living conditions if participants were asked to
weight their plates before and after they had finished eaten as was done in method B in canteen settings.
More studies should investigate the best compromise between accuracy and subject compliance, including
possible change in diet behaviour.

Feasibility
Field tests of the use of digital method B (not published) showed that weighing the whole meal portion
was feasible and could quickly be done after capturing the photo with practically no additional burden
upon participants. While photographing and weighing the whole meal portion, the participants were
asked to fill out a short questionnaire in order to get relevant background data on each respondent.
The digital method C among free-living adults required the participants to record the meals themselves. In
the present feasibility study the compliance rate in terms of proportions of reported meals was 94%. The
majority of the participants expressed that they would be willing to record their evening meals for one
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month or more using the digital method. Concerns that other people would know about their meals was
found to be a significant obstacle for the participants in the study by Wang et al. using the Wellnavi
instrument as dietary assessment method (Wang et al., 2006). This aspect was not perceived as a big
concern for the present selected participant group.

Strengths and limitations
The sample sizes were too small to cover single food components but was assembled in food categories,
thereby decreasing interpretation for single food components. However, no great differences were seen
according to food categories, indicating the same size of estimation error in all cases.
Moreover, participants in the studies evaluating method C were more educated compared to the general
adult population. Therefore, studies with other population groups are required. Also, the method’s ability
to record snack and in-between meals should be evaluated further. A major strength of the studies was
that they were conducted in the context of participants’ usual eating environment rather than on specific
food served in laboratory environments. Beverages were not included in the evaluation studies as food
and drinks have different effects on satiety and energy intake and to increase comparability with other
studies (Johnson et al., 2009; Rolls, 2009).

4.2. Development and validation of the simple Healthy Meal Index (Paper III)
Development
Three key components were prioritized to be included in the simple HMI: 1) Fruits and vegetables
(exclusive potatoes), 2) Total fat and fat quality, and 3) Wholegrain and potatoes. All components being
associated with energy density and among the key measures to combat chronic diseases. Wholegrain and
potatoes are combined in the same score as potatoes (cooked, baked or mashed) are common as
accompaniment to hot meals for most Danes as an alternative to rice or pasta, and it is recommended to
increase intake of potatoes (Mejborn et al., 2008).
Scoring systems and thresholds for each index component were defined as summarised in Table 4.2. The
following scoring system was chosen: Zero point corresponds to the lowest dietary quality, one point to
medium and two points to maximum dietary quality. The scores for these individual components were
summed to determine the overall score for the simple HMI. The specified cut-offs described in Table 4.2
were used to assign points.
Unit sizes were defined by household measures such as slices, cups and pieces. For validation purposes
weights in grams were assigned to each of the units. With regard to the fat content and quality component,
number of fat units was combined with number of starchy food units as a measure of the relative content
of fat. Number of fat units was subtracted from number of starchy food units, and rounded to the nearest
whole number. Positive values were assigned two points, whereas negative values were assigned zero
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points. In the case of equal amount of fat and starchy units either one or two points were assigned
dependent on the fat quality as described in Table 4.2. For more details and description of the unit size
definition see Paper III.
Table 4.2. Scoring system for the simple Healthy Meal Index
Healthy Meal Index
components

A:

B: Allocation of points for each component

Counting number of
units

Criteria for minimum Criteria for medium
score, 0 points
score, 1 point

Fruits and vegetables

Count vegetable/fruit Less than 1 unit
vegetables/fruits
units1

Minimum 1 unit
vegetables/fruits

Minimum 2 units
vegetables/fruits

Fat content and quality

Count fat units2 and
starchy units3

More number of fat
units compared to
number of starchy
units

Same number of fat
and starchy units
Fat mainly animal
based

1) Less number of fat units
compared to number of starchy
units or
2) Same number of fat and
starchy units. Fat mainly
vegetable based

Wholegrain and potatoes Count wholegrain/
potato units4

Less than ½ unit
wholegrain
products/potatoes

Minimum ½ unit
wholegrain
products/potatoes

Minimum 1 unit wholegrain
products/potatoes

C: Summing number of points

Criteria for maximum score,
2 points

Minimum 0 and maximum 6

1

One unit of fruit and vegetables corresponds to 1 cup of raw, leafy vegetables or ½ cup of other vegetables and fruits
One fat unit equals 2 ounce (50-60 g) medium-fat products, 1½ tablespoon (20 g) high-fat products, 2 teaspoons (10 g) very
high-fat products or 1 teaspoon (5 g) solid fats and oils. Low-fat products, fish and plain nuts are not counted
3
One starch unit corresponds to ½ cup/1 dl of cooked pasta or rice, one slice of bread, 3 medium sized potatoes or 2 cups
of vegetables
4
One unit of wholegrain/potato corresponds to ½ cup/1 dl of cooked wholegrain pasta or rice, one slice of wholegrain bread or
3 medium sized potatoes
2

Validity
Energy density as well as content of total fat, saturated fat, carbohydrate, and fruit and vegetables were all
highly significant across categories (p<0.001) with higher scores being closer to dietary guidelines. Mean
energy density of the canteen meals differed from around 880 kJ/100 g in the least healthy category to
around 540 kJ/100 g in the most healthy category, thereby equalling the energy density recommended by
World Cancer Research Fund and the American Institute for Cancer Research (2007). Also higher scores
were significantly connected to bigger portion sizes (p=0.049). As regards wholegrain content only the
‘least healthy’ category differed significantly from the other categories (p=0.03). For more details and
results on validity testing see Paper III.
The HMI was not able to distinguish between categories of meals with respect to salt content (not
published). As the canteen meal provided on average more than half of the daily amount of the less than 5
gram per day recommended by WHO (World Health Organization Expert Committee, 1996), reliable
indicators of salt content should be developed and tested for future extension of the HMI. With respect to
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the nutritional recommendations concerning fish intake, food variety and sugar and discriminatory food
intake these should preferably be evaluated over a time span for several meals.

Strengths and limitations
Limitations of the simple HMI should be noted. The index involves counting food ingredients from mixed
dishes, which is a common challenge when assessing dietary intake (Newby et al., 2003). It needs to be
combined with recipe, product specification and menu preparation reviews. A major strength of the
simple HMI is that it is designed to measure and communicate proportion of foods based on
understanding through visual messages according to the Plate Model. It may thereby provide a bridge
between scientific research and communication and meal components may be selected to match a range
of different meal types and preferences.

4.3. Effectiveness of a Canteen Take Away concept (Paper IV)
Differences in evening meal intake
Having take away dinner meals from the worksite was associated with a high overall nutritional quality of
the evening meals as measured both by the simple Healthy Meal Index (score 5.2, not published) (Figure
4.2) and using energy density as an overall dietary quality marker (462 kJ/100 g). This meets the
recommendations from the World Cancer Research Fund and the American Institute for Cancer Research
regarding lowering average energy density of diets towards 520 kJ (125 kcal) per 100 g excluding drinks
(World Cancer Research Fund / American Institute for Cancer Research, 2007).
7.0

Wholegrain and potatoe score
Fat content and quality score
Fruits and vegetable score

6.0

Score

5.0

4.0

3.0

2.0

1.0

0.0
CTA meals
(n=144)

non-CTA meals
(n=236)

Figure 4.2. Healthy Meal Index: CTA and non-CTA meals, respectively (not published). The dotted line
shows the maximum possible score
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The Healthy Meal Index score was 2.9 higher (95% Cl: 2.6 to 3.1, p<0.001) for CTA meals compared to
non-CTA meals (Figure 4.2) and energy density on average was 187 kJ/100 g lower (95% Cl: -225 to -150)
(p<0.001) for CTA evening meals compared to non-CTA meals. For more results on employees’ evening
meal intake according to meal type see Paper IV.
In the present study we have no information on food intake of the participants’ families. A supportive
home environment with access to healthy foods has been found to be an important determinant of healthy
eating habits among both children and adolescent (Pearson et al., 2009; Woodruff et al., 2010). Receiving
take-away meals from the worksite could provide an alternative convenient and more nutritious food
source (Rydell et al., 2008) compared to other ready meals from the industry (Prim et al., 2007). However,
the success of the CTA as a health promoting activity relies both on the actual quality of the meals,
including the nutritional quality, and on the employers’ and the employees’ willingness to pay for the
meals. To match these expectations food service professionals need empowerment. Therefore, an
important aim of the present public-private partnership was to develop and disseminate education and
practical tools and conditions enabling the canteens to effectively implement and maintain a CTA service,
including the simple Healthy Meal Index, and to provide network opportunities and newsletters.

Differences in whole day’s intake
The difference in intake of daily fruit and vegetable intake on a daily basis was on average 129 g between
CTA and non-CTA days (Table 4.3). Most of the difference in fruit and vegetable intake was accounted for
by an increase of vegetable intake by 109 g equalling about 1 serving. This is promising, as it is considered
more challenging to increase vegetable intake compared with fruits, which require little preparation, and
have a sweet taste that appears to be preferred (Satia et al., 2002). The effect size is comparable with
some of some of the best practice worksite intervention studies focusing on changes in the physical food
environment as summarized in Table 1.2. Moreover, energy density and protein content was significantly
lower and higher, respectively, on days receiving CTA compared to non-CTA days.
The present study support findings by Lachat et al. that providing fruit and vegetables from a university
canteen leads to a higher intake of fruit and vegetables among students both at lunch and on a daily basis
(Lachat et al., 2009). Other studies have shown that an increase in the consumption of fast foods and an
increase in the consumption of convenience or ready-prepared foods were associated with less healthy
diets (Jabs et al., 2006). Bowen and colleagues compared adults’ mean dietary intake on days having fast
food compared to dietary intake on non-fast food days and found substantial differences in energy, energy
density and macronutrient intakes in favour of the non-fast food days (Bowman et al., 2004).
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Table 4.3. Differences between employees’ evening meal intake and whole day’s intake on days receiving
CTA compared to days not receiving CTA

Evening meal intake

Whole day's intake

4

4

Adjusted difference
Adjusted difference
Mean
95% CI
p-value Mean
95% CI
p-value
Energy (kJ)
-540 -791 -289 <0.001 250 -691 1190
Energy density (kJ/100 g)1
-187 -225 -150 <0.001 -77 -133 -22
Carbohydrate (E%)
2.4
0.1
4.8
0.04
-1.0 -3.8 1.7
Protein (E%)
6.7
5.3
8.2 <0.001 2.7
1.6
3.8
Fat (E%)
-7.8 -10.2 -5.4 <0.001 -0.7 -3.1 1.7
Saturated fat (E%)
-6.5
-8
-5 <0.001 -1.4 -2.7 -0.1
Added sugar (E%)
-2.7
-4
-2 <0.001 -0.7 -2.4 1.1
Fibre (g/10 MJ)
18
15
20 <0.001
3
0
5
Fruit and vegetables (g)2,3
88
71
104 <0.001 129
49
210
2
- Vegetables (g)
83
67
98 <0.001 109
63
156
3
- Fruit (g)
5
-1
11
0.10
17
-50
83
Fruit and vegetables (g/10MJ)2,3 390 323 457 <0.001 146
56
236
2
- Vegetables (g/10MJ)
363 295 431 <0.001 126
61
191
3
- Fruit (g/10MJ)
27
7
46
0.01
17
-52
87
1
Excluding beverages
2
Excluding potatoes
3
Including not more than 100 g fruit juice per person per day
4
Adjusted difference between CTA and non-CTA days from a multivariate analyses
performed by means of a mixed effects model

0.60
0.01
0.46
<0.001
0.57
0.03
0.46
0.06
0.002
<0.001
0.62
0.002
<0.001
0.62

Strengths and limitations
The methodology of the present study calls for caution when interpreting the results. Participants served
as their own control by comparing nutritional intake on days receiving CTA meals with days not receiving
CTA. But, the provision of CTA may have positive or negative nutritional effects on the meal quality and
quantity on the days before or after consumption. The influence of these effects cannot be estimated. The
present study is an explorative study testing the effectiveness of a health promotion strategy under reallife conditions. This may help the adaptation and expansion of research to practice (Bowen et al., 2009).
However, the naturalistic experimental approach is often more difficult to manage and often lacks the
control that is present in the laboratory (Meiselman, 2006). Accordingly, participants in the present study
could not be randomly selected and were not necessarily representative of the population as a whole.
They were higher educated compared to the general population and probably more health conscious and
had healthier lifestyles. This means that the ability to discriminate between nutritional intakes on
different days receiving CTA or not receiving CTA could have been reduced to some degree. Moreover,
extrapolation of the results to individuals with different occupational profiles cannot be done.
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Conclusions and perspectives
The present PhD thesis contributes to the evidence of effective healthy eating promotion initiatives at the
worksites by providing novel insight into three research areas: Digital photographic methods for
assessing food intake, the evaluation of the nutritional quality of individual meals and finally the
effectiveness of a healthy Canteen Take Away concept in improving the diets of the employees.
The PhD thesis reinforces the importance of availability, accessibility and convenience as effective tools in
promoting healthy eating habits. The results from the Canteen Take Away study showed that employees
significantly improved the nutritional quality of their evening meal intake as well as their whole day
intake on days receiving Canteen Take Away compared to days not receiving Canteen Take Away.
Especially, an increase of vegetable intake by about one serving on days receiving Canteen Take Away
seems to be promising, as it is considered more challenging to increase vegetable intake compared with
fruits. The results thereby support further action in worksites in enabling and promoting healthy eating
pattern among employees even across the contexts of worksite and family. Also, it may provide an
inspiration for restaurants, the food industry and convenience stores to make more healthful products
and meal choices available. The methodology of the study calls for caution when interpreting the results,
however this kind of naturalistic experimental approach may also help the adaptation and expansion of
research to practice.
The thesis also emphasizes the need for empowering the worksites and canteen staff in order to
successfully implement the healthy eating initiatives. From a health promotion perspective the success of
the Canteen Take Away is dependent on the actual nutritional quality of the meals. The thesis introduces a
novel concept for evaluating the nutritional quality of individual meals aimed at both professionals, e.g.
caterers and dieticians, and the general public who wishes to evaluate nutritional quality of meals in line
with the recommendations for healthy eating without having to use nutrient-calculation software. The
simple Healthy Meal Index consisting of three key component scores successfully ranked canteen meals
according to their nutritional quality. The uses of the simple HMI may be multiple. Besides being used in
the catering sector as a self-assessment tool for nutritional quality control, the index is also a valid
measure of the nutritional quality of meals consumed elsewhere including ready-prepared meals and
home-dinner-meals. The total score and each component score separately may be used as tools for
nutritional quality control of the meals. For research purposes, the simple HMI could be used in
combination with the digital photographic method in order to evaluate a representative sample of
employee’s food selection, and thereby provide an overall picture of the nutritional food environment.
However, the HMI does not deal with all aspects of nutritional recommendations and reliable indicators of
for example salt content should be developed and tested for future extension of the simple HMI. Also the
HMI may be developed further as a Healthy Buffet Index reflecting the nutritional profile of the food
offered at the canteen.
Finally, results from the present thesis demonstrated the usability of the digital photographic method for
dietary assessment in two different context. Especially, the digital photographic technology was found to
be useful in canteens, as food and nutrient intake data can be collected from a large group with minimum
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participant burden. Results from the present thesis showed that measuring the total weights of the
participants’ meals at workplace canteens provides a new and feasible aspect of the digital method to
improve the precision of the weight estimations of the individual foods within the meals. Results
moreover suggest that the digital method is valid and feasible for evening meal estimation in real-time
among a free-living adult population to measure macronutrient distribution, energy density and energyadjusted foods. Digital photographic methods for food intake estimation may have a broad range of
applications including studies evaluating the effectiveness of the various strategies for improvement of
the food and eating environment at the worksites or other settings like nursing homes and residences for
people with intellectual disabilities. Moreover, the method may be useful in studies assessing meal intake
among a free-living population during a prolonged recording period. Especially, with future advances in
technology the method is likely to be used in broader contexts. Future developments may include
developing a wearable electronic system to measure both food intake via image capturing and physical
activity.
Overall, the present PhD thesis supports a reorientation in health promotion from focusing primarily on
individual level strategies towards a more extensive focus on feasible and effective environmental level
strategies for health promotion within and across the settings of everyday life. In order to effectively
promote healthy eating pattern and prevent obesity in the population as a whole we need to combine
many strategies in neighbourhoods, schools, communities, worksites and in the family context. The results
of the present thesis provide a stimulus for further development, evaluation and dissemination of
environmental level strategies targeting the physical and social food environment. Over time, this type of
dietary change programs has the potential for considerable access into communities and thereby to
contribute significantly to a larger public health goal of reducing incidences of dietary related diseases.

46

References

2010 DGAC Membership (2010): Report of the Dietary Guidelines Advisory Committee on the Dietary
Guidelines for Americans, 2010. USDA Press Release.
Alinia S, Lassen AD, Krogsholm KS, Christensen T, Hels O, Tetens I (2010): A workplace feasibility study of
the effect of a minimal fruit intervention on fruit and nutrient intake. Public Health Nutr Accepted.
Astrup A (2008): Dietary management of obesity. JPEN J Parenter Enteral Nutr 32, 575-577.
Astrup A, Andersen NL, Stender S, Trolle E (2005): Kostrådene 2005 (Dietary Guidelines 2005).
Copenhagen: Danish Institute for Food and Veterinary Research and Danish Nutritional Council.
Basiotis PP, Welsh SO, Cronin FJ, Kelsay JL, Mertz W (1987): Number of Days of Food Intake Records
Required to Estimate Individual and Group Nutrient Intakes with Defined Confidence. Journal of Nutrition
117, 1638-1641.
Beresford SA, Thompson B, Feng Z, Christianson A, McLerran D, Patrick DL (2001): Seattle 5 a Day
worksite program to increase fruit and vegetable consumption. Prev. Med. 32, 230-238.
Biltoft-Jensen A, Fagt S, Groth MV, Matthiessen J, Wachmann HC, Christensen T (2008): The intake of
saturated fat and dietary fibre: a possible indicator of diet quality. Br J Nutr 100, 624-632.
Blanck HM, Yaroch AL, Atienza AA, Ms SLY, Zhang J, Masse LC (2009): Factors Influencing Lunchtime Food
Choices Among Working Americans. Health Education & Behavior 36, 289-301.
Boushey CJ, Kerr DA, Wright J, Lutes KD, Ebert DS, Delp EJ (2009): Use of technology in children's dietary
assessment. Eur J Clin Nutr 63 Suppl 1, S50-S57.
Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D et al. (2009): How We Design
Feasibility Studies. American Journal of Preventive Medicine 36, 452-457.
Bowman SA and Vinyard BT (2004): Fast food consumption of US adults: Impact on energy and nutrient
intakes and overweight status. Journal of the American College of Nutrition 23, 163-168.
Brekke HK, Sunesson A, Axelsen M, Lenner RA (2004): Attitudes and barriers to dietary advice aimed at
reducing risk of type 2 diabetes in first-degree relatives of patients with type 2 diabetes. J Hum Nutr Diet
17, 513-521.
Britten P, Marcoe K, Yamini S, Davis C (2006): Development of food intake patterns for the MyPyramid
Food Guidance System. J Nutr Educ Behav 38, S78-S92.
Brown T, Kelly S, Summerbell C (2007): Prevention of obesity: a review of interventions. Obes Rev 8 Suppl
1, 127-130.

47

Brug J, van Lenthe FJ, Kremers SPJ (2006): Revisiting Kurt Lewin - How to gain insight into environmental
correlates of obesogenic behaviors. American Journal of Preventive Medicine 31, 525-529.
Burgess-Champoux TL, Chan HW, Rosen R, Marquart L, Reicks M (2008): Healthy whole-grain choices for
children and parents: a multi-component school-based pilot intervention. Public Health Nutr 11, 849-859.
Buttriss J, Stanner S, McKevith AP, Nugent C, Kelly C, Phillips F et al. (2004): Successfull ways to modify
food choice: lessons from the litterature. Nutrition Bulletin 29, 333-343.
Canadian Labour and Business Centre (2003): Workplace Health Works! A seminar on innovative
workplace health practices, Conference Proceedings. Vancouver, BC edn. Vancouver, B.C.: Canadian
Labour and Business Centre.
Carnethon M, Whitsel LP, Franklin BA, Kris-Etherton P, Milani R, Pratt CA et al. (2009): Worksite wellness
programs for cardiovascular disease prevention: a policy statement from the american heart association.
Circulation 120, 1725-1741.
Chu C and Simpson R (1994): Ecological public health: From vision to practice. Toronto/Brisbane: Griffith
University, Institute of Applied Environmental Research/University of Toronto, Centre for Health
Promotion.
Dorfman L and Wallack L (2007): Moving nutrition upstream: the case for reframing obesity. J Nutr Educ
Behav 39, S45-S50.
Drewnowski A, Fulgoni VL, Young MK, Pitman S (2008): Nutrient-rich foods: applying nutrient navigation
systems to improve public health. J Food Sci 73, H222-H228.
Drewnowski A, Maillot M, Darmon N (2009): Testing nutrient profile models in relation to energy density
and energy cost. Eur J Clin Nutr 63, 674-683.
Dubois A, Strychar IM, Champagne F, Leblanc MP, Tremblay C (1996): The effect of a worksite cafeteria
program on employees' dietary fat intakes. Journal of the Canadian Dietetic Association-Revue de l
Association Canadienne des Dietetistes 57, 98-102.
Elinder SL and Jansson M (2009): Obesogenic environments - aspects on measurement and indicators.
Public Health Nutr 12, 307-315.
Engbers LH, van Poppel MN, Chin AP, van MW (2006): The effects of a controlled worksite environmental
intervention on determinants of dietary behavior and self-reported fruit, vegetable and fat intake. BMC
Public Health 6, 253.
European Commission (2007): White Paper on a Strategy for Europe on Nutrition, Overweight and
Obesity related health issues. ENVI/6/50465. Brussels: European Commission.
French SA, Hannan PJ, Harnack LJ, Mitchell NR, Toomey TL, Gerlach A (2010): Pricing and Availability
Intervention in Vending Machines at Four Bus Garages. Journal of Occupational and Environmental
Medicine 52, S29-S33.

48

French SA, Jeffery RW, Story M, Breitlow KK, Baxter JS, Hannan P et al. (2001a): Pricing and promotion
effects on low-fat vending snack purchases: the CHIPS Study. Am. J Public Health 91, 112-117.
French SA, Jeffery RW, Story M, Breitlow KK, Baxter JS, Hannan P et al. (2001b): Pricing and promotion
effects on low-fat vending snack purchases: the CHIPS study. American Journal of Public Health 91, 112117.
French SA, Jeffery RW, Story M, Hannan P, Snyder MP (1997): A pricing strategy to promote low-fat snack
choices through vending machines. Am. J Public Health 87, 849-851.
Gibson R (2005): Principles of Nutritional Assessment., Second edition edn. Auckland: Oxford University
Press.
Giskes K, Avendano M, Brug J, Kunst AE (2010): A systematic review of studies on socioeconomic
inequalities in dietary intakes associated with weight gain and overweight/obesity conducted among
European adults. Obesity Reviews 11, 413-429.
Glanz K, Resnicow K, Seymour J, Hoy K, Stewart H, Lyons M et al. (2007): How major restaurant chains
plan their menus: the role of profit, demand, and health. Am J Prev Med 32, 383-388.
Glasgow RE, Perry JD, Toobert DJ, Hollis JF (1996): Brief assessments of dietary behavior in field settings.
Addict. Behav 21, 239-247.
Goetzel R, Roemer EC, Liss-Levinson RC, Samolo DK (2008): Workplace Health Promotion: Policy
Recommendations that Encourage Employers to Support Health Improvement Programs for their
Workers. A Prevention Policy Paper Commissioned by Partnership for Prevention. Retrieved from
http://www.hss.state.ak.us/healthcommission/200905/worksite_health.pdf: Partnership for Prevention.
Groth MV, Sorensen M.R., Biltoft-Jensen A, Matthiessen J, Fagt S (2009): Danish meal habits, attitutes,
motivations and barriers for healthy eating 1995-2008 (in Danish). Copenhagen, Denmark: Technical
University of Denmark, National Food Institute.
Guenther PM, Reedy J, Krebs-Smith SM (2008): Development of the Healthy Eating Index-2005. J Am Diet
Assoc 108, 1896-1901.
Heinen L and Darling H (2009): Addressing Obesity in the Workplace: The Role of Employers. Milbank
Quarterly 87, 101-122.
Higgins JA, LaSalle AL, Zhaoxing P, Kasten MY, Bing KN, Ridzon SE et al. (2009): Validation of photographic
food records in children: are pictures really worth a thousand words? Eur J Clin Nutr 63, 1025-1033.
Holdsworth M, Raymond NT, Haslam C (2004): Does the Heartbeat Award scheme in England result in
change in dietary behaviour in the workplace? Health Promotion International 19, 197-204.
Holsten JE (2009): Obesity and the community food environment: a systematic review. Public Health Nutr
12, 397-405.
Hunt P, Rayner M, Gatenby S (1994): Pyramid or Plate?: The Development of a National Food Guide for the
UK: A Preliminary Article. Nutrition & Food Science 94, 7-12.

49

Institute of Medicine (2004): Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and
Sulfate. Washington, DC: National Academy Press.
Institute of Medicine (2005): Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids,
Cholesterol, Protein, and Amino Acids. Washington, D.C.: National Academies Press.
Institute of Preventive Medicine Environmental and Occupational Health (2008): Report on the evaluation
of policies and best practices targeting obesity at the workplace. Greece: Guidelines for the prevention of
obesity at the workplace.
Jabs J and Devine CM (2006): Time scarcity and food choices: An overview. Appetite 47, 196-204.
Jeffery RW, Baxter J, McGuire M, Linde J (2006): Are fast food restaurants an environmental risk factor for
obesity? Int J Behav Nutr Phys Act 3, 2.
Jeffery RW, French SA, Raether C, Baxter JE (1994): An Environmental Intervention to Increase Fruit and
Salad Purchases in A Cafeteria. Preventive Medicine 23, 788-792.
Johnson L, Wilks DC, Lindroos AK, Jebb SA (2009): Reflections from a systematic review of dietary energy
density and weight gain: is the inclusion of drinks valid? Obesity Reviews 10, 681-692.
Kaluza J, Hakansson N, Brzozowska A, Wolk A (2007): Diet quality and mortality: a population-based
prospective study of men. Eur J Clin Nutr 63, 451-457.
Karlstrom B, Vessby B, Eliasson M (1989) Diet - a balanced approach. In Diabetes, ed. Larkins R, Zimmet P,
Chisholm D, pp. 923-925. Amsterdam: Elsevier.
Keller C, Fleury J, Perez A, Ainsworth B, Vaughan L (2008): Using visual methods to uncover context.
Qualitative Health Research 18, 428-436.
Kikunaga S, Tin T, Ishibashi G, Wang DH, Kira S (2007): The application of a handheld personal digital
assistant with camera and mobile phone card (Wellnavi) to the general population in a dietary survey. J
Nutr Sci Vitaminol. (Tokyo) 53, 109-116.
King N (2004): King, N (2004) Template analysis - What is Template Analysis? Retrieved 2010-01 from
http://www. hud. ac. uk/hhs/research/template_analysis/whatis. htm.
Kumanyika SK, Obarzanek E, Stettler N, Bell R, Field AE, Fortmann SP et al. (2008): Population-based
prevention of obesity: the need for comprehensive promotion of healthful eating, physical activity, and
energy balance: a scientific statement from American Heart Association Council on Epidemiology and
Prevention, Interdisciplinary Committee for Prevention (formerly the expert panel on population and
prevention science). Circulation 118, 428-464.
Lachat CK, Verstraeten R, De Meulenaer B, Menten J, Huybregts LF, Van Camp J et al. (2009): Availability of
free fruits and vegetables at canteen lunch improves lunch and daily nutritional profiles: a randomised
controlled trial. British Journal of Nutrition 102, 1030-1037.
Larsen T and Samdal O (2008): Facilitating the implementation and sustainability of second step.
Scandinavian Journal of Educational Research 52, 187-204.

50

Lassen A, Bruselius-Jensen M, Sommer HM, Thorsen AV, Trolle E (2007a): Factors influencing
participation rates and employees' attitudes toward promoting healthy eating at blue-collar worksites.
Health Educ Res 22, 727-736.
Lassen A, Hansen K, Trolle E (2007b): Comparison of buffet and a la carte serving at worksite canteens on
nutrient intake and fruit and vegetable consumption. Public Health Nutr 10, 292-297.
Lassen A, Thorsen AV, Trolle E, Elsig M, Ovesen L (2004): Successful strategies to increase the
consumption of fruits and vegetables: results from the Danish '6 a day' Work-site Canteen Model Study.
Public Health Nutr 7, 263-270.
Lassen AD, Thorsen AV, Sommer HM, Fagt S, Trolle E, Biltoft-Jensen A et al. (2010): Improving the diet of
employees at blue-collar worksites: Results from the 'Food at Work' Intervention Study. Public Health
Nutr Accepted.
Ledikwe JH, Blanck HM, Khan LK, Serdula MK, Seymour JD, Tohill BC et al. (2005): Dietary energy density
determined by eight calculation methods in a nationally representative United States population. J Nutr
135, 273-278.
Levin S (1996): Pilot study of a cafeteria program relying primarily on symbols to promote healthy
choices. Journal of Nutrition Education 28, 282-285.
Lillegaard ITL, Loken EB, Andersen LF (2007): Relative validation of a pre-coded food diary among
children, under-reporting varies with reporting day and time of the day. Eur J Clin Nutr 61, 61-68.
Lowe MR, Tappe KA, Butryn ML, Annunziato RA, Coletta MC, Ochner CN et al. (2010): An intervention
study targeting energy and nutrient intake in worksite cafeterias. Eating Behaviors 11, 144-151.
Martin CK, Han H, Coulon SM, Allen HR, Champagne CM, Anton SD (2009): A novel method to remotely
measure food intake of free-living individuals in real time: the remote food photography method. Br J Nutr
101, 446-456.
Martin CK, Newton RL, Jr., Anton SD, Allen HR, Alfonso A, Han H et al. (2007): Measurement of children's
food intake with digital photography and the effects of second servings upon food intake. Eat. Behav. 8,
148-156.
Matthiessen J, Fagt S, Biltoft-Jensen A, Beck AM, Ovesen L (2003): Size makes a difference. Public Health
Nutr 6, 65-72.
Meiselman H (2006) The impact of context and environment on consumer food choice. In Understanding
Consumers of Food Products, ed. Frewer LJ & van Trijp JCM, Cambridge: Woodhead Publishing.
Mejborn H, Biltoft-Jensen A, Trolle E, Tetens I (2008): Fuldkorn. Definition og vidensgrundlag for
anbefaling af fuldkornsindtag i Danmark (Wholegrain. Definition and scientific background for
recommendations of wholegrain intake in Denmark). Soeborg: Technical University of Denmark, National
Food Institute.
Mejborn H, Biltoft-Jensen A, Ygil KH, Trolle E, Tetens I (2009): Development of a valid, yet simple and easy
nutrition profiling model. Copenhagen: Technical University of Denmark, National Food Institute.

51

Mitchell SA, Miles CL, Brennan L, Matthews J (2009): Reliability of the School Food Checklist for in-school
audits and photograph analysis of children's packed lunches. J Hum Nutr Diet.
Newby PK, Hu FB, Rimm EB, Smith-Warner SA, Feskanich D, Sampson L et al. (2003): Reproducibility and
validity of the Diet Quality Index Revised as assessed by use of a food-frequency questionnaire. Am J Clin
Nutr 78, 941-949.
Ni Mhurchu C, Aston L, Jebb S (2010): Effects of worksite health promotion interventions on employee
diets: a systematic review. BMC Public Health 10, doi:10.1186/1471-2458-10-62.
Nordic Council of Ministers (2004a): Nordic Nutrition Recommendations 2004, 4th edition. Integrating
nutrition and physical activity. Nord 2004:13. Copenhagen: Nordic Council of Ministers.
Nordic Council of Ministers (2004b): Nordic Nutrition Recommendations 2005, 4th edition. Integrating
nutrition and physical activity. Nord 2004:13. Copenhagen: Nordic Council of Ministers.
Nordic Council of Ministers (2006): Health, food and physical activity - Nordic Plan of Action on better
health and quality of life through diet and physical activity. Copenhagen, Denmark: Nordic Council of
Ministers.
Patterson E, Warnberg J, Poortvliet E, Kearney JM, Sjostrom M (2010): Dietary energy density as a marker
of dietary quality in Swedish children and adolescents: the European Youth Heart Study. Eur J Clin Nutr
64, 356-363.
Pearson N, Biddle SJH, Gorely T (2009): Family correlates of fruit and vegetable consumption in children
and adolescents: a systematic review. Public Health Nutrition 12, 267-283.
Perlmutter CA, Canter DD, Gregoire MB (1997): Profitability and acceptability of fat- and sodium-modified
hot entrees in a worksite cafeteria. Journal of the American Dietetic Association 97, 391-395.
Petersen AN, Fagt S, Groth M, Christensen T, Biltoft-Jensen A, Matthiessen J, Andersen NL, Kørup K,
Hartkopp HB, Ygil KH, Hinsch HJ, Saxholt E, Trolle E (2010): Dietary habits in Denmark 2003-2008. . Main
results (in Danish). Copenhagen, Denmark: Technical University of Denmark, National Food Institute.
Pope R and Cooney M (1995): The Heartbeat Award for caterers: experiences of health professionals
involved. Health Education Journal 54, 322-333.
Prim M, Gustafsson I-B, Hall G (2007): The appropriateness of ready meals for dinner. Journal of
Foodservice 18, 238-250.
Rasmussen LB, Lassen AD, Hansen K, Knuthsen P, Saxholt E, Fagt S (2010): Salt content in canteen and fast
food meals in Denmark. Food Nutr Res 54.
Research Centre for Prevention and Health (2010): Sund livsstil - hvad skaber forandring?
Udredningsopgave for Fødevareministeriet [Healthy lifestyle - what creates change? task for the Danish
Ministry of Food, Agriculture and Fisheries]. Glostrup, Copenhagen: Research Centre for Prevention and
Health.

52

Rolls BJ (2009): The relationship between dietary energy density and energy intake. Physiology & Behavior
97, 609-615.
Roos E, Sarlio-Lahteenkorva S, Lallukka T, Lahelma E (2007): Associations of work-family conflicts with
food habits and physical activity. Public Health Nutr 10, 222-229.
Roos G, Prattala R, Koski K (2001): Men, masculinity and food: interviews with Finnish carpenters and
engineers. Appetite 37, 47-56.
Rydell SA, Harnack LJ, Oakes JM, Story M, Jeffery RW, French SA (2008): Why Eat at Fast-Food
Restaurants: Reported Reasons among Frequent Consumers. Journal of the American Dietetic Association
108, 2066-2070.
Satia JA, Kristal AR, Patterson RE, Neuhouser ML, Trudeau E (2002): Psychosocial factors and dietary
habits associated with vegetable consumption. Nutrition 18, 247-254.
Saxholt E, Christensen AT, Møller A, Hartkopp HB, Ygil KH, Hels O (2008): Danish Food Composition
Databank, revision 7, http://www.foodcomp.dk/. Soeborg: National Food Institute, Technical University of
Denmark.
Schroder H, Covas M, Elosua R, Mora J, Marrugat J (2008): Diet quality and lifestyle associated with free
selected low-energy density diets in a representative Spanish population. Eur J Clin Nutr 62, 1194-1200.
Shatenstein B, Claveau D, Ferland G (2002): Visual observation is a valid means of assessing dietary
consumption among older adults with cognitive deficits in long-term care settings. J Am Diet Assoc 102,
250-252.
Simmons SF and Reuben D (2000): Nutritional intake monitoring for nursing home residents: a
comparison of staff documentation, direct observation, and photography methods. J. Am. Geriatr. Soc. 48,
209-213.
Small L, Sidora-Arcoleo K, Vaughan L, Creed-Capsel J, Chung KY, Stevens C (2009): Validity and Reliability
of Photographic Diet Diaries for Assessing Dietary Intake Among Young Children. ICAN: Infant, Child, &
Adolescent Nutrition 1, 27-36.
Soler RE, Leeks KD, Razi S, Hopkins DP, Griffith M, Aten A et al. (2010): A systematic review of selected
interventions for worksite health promotion. The assessment of health risks with feedback. Am J Prev Med
38, S237-S262.
Sorensen G, Linnan L, Hunt MK (2004): Worksite-based research and initiatives to increase fruit and
vegetable consumption. Prev. Med. 39 Suppl 2, S94-100.
Sorensen G, Stoddard A, Peterson K, Cohen N, Hunt MK, Stein E et al. (1999): Increasing fruit and
vegetable consumption through worksites and families in the treatwell 5-a-day study. Am J Clin Nutr 89,
54-60.
Sorensen G, Thompson B, Glanz K, Feng Z, Kinne S, DiClemente C et al. (1996): Work site-based cancer
prevention: primary results from the Working Well Trial. Am J Clin Nutr 86, 939-947.

53

Steenhuis I, Van AP, Reubsaet A, Kok G (2004a): Process evaluation of two environmental nutrition
programmes and an educational nutrition programme conducted at supermarkets and worksite cafeterias
in the Netherlands. J Hum Nutr Diet 17, 107-115.
Steenhuis I, Van AP, Van BG, Glanz K, Kok G, De VH (2004b): The impact of educational and environmental
interventions in Dutch worksite cafeterias. Health Promot Int. 19, 335-343.
Steptoe A, Perkins-Porras L, Hilton S, Rink E, Cappuccio FP (2004): Quality of life and self-rated health in
relation to changes in fruit and vegetable intake and in plasma vitamins C and E in a randomised trial of
behavioural and nutritional education counselling. Br. J. Nutr. 92, 177-184.
Steyn NP, Parker W, Lambert EV, Mchiza Z (2009): Nutrition interventions in the workplace: evidence of
best practice. South African Journal of Clinical Nutrition 22, 111-117.
Story M, Giles-Corti B, Yaroch AL, Cummins S, Frank LD, Huang TT et al. (2009): Work group IV: Future
directions for measures of the food and physical activity environments. Am J Prev Med 36, S182-S188.
Story M, Kaphingst KM, Robinson-O'Brien R, Glanz K (2008): Creating healthy food and eating
environments: policy and environmental approaches. Annu Rev Public Health 29, 253-272.
Stubenitsky K, Aaron J, Catt S, Mela D (2000): The influence of recipe modification and nutritional
information on restaurant food acceptance and macronutrient intakes. Public Health Nutr. 3, 201-209.
Sundhedsstyrelsen (2008): Sundhedsfremme på arbejdspladsen 2007. København: Sundhedsstyrelsen.
Swanson M (2008): Digital photography as a tool to measure school cafeteria consumption. J Sch Health
78, 432-437.
Taylor C, Keim KS, Sparrer A, Van DJ, Parker S (2004): Social and cultural barriers to diabetes prevention
in Oklahoma American Indian women. Prev. Chronic. Dis. 1, A06.
Tetens I, Oberdorfer R, Madsen C, de Vries J. (2007): Nutritional characterisation of foods: science-based
approach to nutrient profiling. Summary report of an ILSI Europe workshop held in April 2006. Eur J Nutr
46 Suppl 2, 4-14.
The British Dietetic Association (2003): The dietitians challenge: the implementation of nutritional advice
for people with diabetes. J Hum Nutr Diet 16, 421-452.
Thorogood M, Simera I, Dowler E, Summerbell C, Brunner E (2007): A systematic review of population and
community dietary interventions to prevent cancer. Nutr Rev Rev 20, 74-88.
Thorsen AV, Lassen AD, Tetens I, Hels O, Mikkelsen BE (2010): Long-term sustainability of a worksite
canteen intervention of serving more fruit and vegetables. Public Health Nutrition 13, 1647-1652.
Tilley BC, Glanz K, Kristal AR, Hirst K, Li S, Vernon SW et al. (1999): Nutrition intervention for high-risk
auto workers: results of the Next Step Trial. Prev Med 28, 284-292.
Toft U, Kristoffersen LH, Lau C, Borch-Johnsen K, Jorgensen T (2007): The Dietary Quality Score:
validation and association with cardiovascular risk factors: the Inter99 study. Eur J Clin Nutr 61, 270-278.

54

University of Crete School of Medicine (2000): EURODIET Core Report, Nutrition & Diet for Healthy
Lifestyles in Europe Science & Policy Implications. Public Health Nutr 4, 265-273.
US Department of Health and Human Services UDoA (2005): Dietary Guidelines for Americans,
http://www.healthierus.gov/dietaryguidelines Accessed April, 2010., 6th ed. edn. Washington DC:
Verhagen H and van den Berg H (2008): A simple visual model to compare existing nutrient profiling
schemes. Food Nutr Res 52 DOI: 10.3402/fnr.v52i0.1649.
Wandel M and Roos G (2005): Work, food and physical activity. A qualitative study of coping strategies
among men in three occupations. Appetite 44, 93-102.
Wang DH, Kogashiwa M, Kira S (2006): Development of a new instrument for evaluating individuals'
dietary intakes. J Am Diet Assoc 106, 1588-1593.
Wanjek C (2005): Food at Work: Workplace solutions for malnutrition, obesity and chronic diseases.
Switzerland: International Labour Organisation (ILO).
Welch N, McNaughton SA, Hunter W, Hume C, Crawford D (2009): Is the perception of time pressure a
barrier to healthy eating and physical activity among women? Public Health Nutrition 12, 888-895.
WHO (2003): Diet, Nutrition and the prevention of chronic diseases. Report of the WHO/FAO Joint expert
consultation. Geneva: WHO Technical report series 916.
WHO (2007): The Global Plan of Action on Workers' Health 2008-2017. The 60th World Health Assembly.
Geneva: World Health Organisation.
WHO Regional Office for Europe (2007): Second WHO European Action Plan for Food and Nutrition Policy
2007-2012. Copenhagen: WHO Regional Office for Europe.
Williamson DA, Allen HR, Martin PD, Alfonso A, Gerald B, Hunt A (2004): Digital photography: a new
method for estimating food intake in cafeteria settings. Eat Weight Disord 9, 24-28.
Williamson DA, Allen HR, Martin PD, Alfonso AJ, Gerald B, Hunt A (2003): Comparison of digital
photography to weighed and visual estimation of portion sizes. J. Am. Diet. Assoc. 103, 1139-1145.
Winston J, Johnson C, Wilson S (2008): Barriers to healthy eating by National Health Service (NHS)
hospital doctors in the hospital setting: results of a cross-sectional survey. BMC Research Notes 1, 69.
Woodruff SJ, Hanning RM, McGoldrick K, Brown KS (2010): Healthy eating index-C is positively associated
with family dinner frequency among students in grades 6-8 from Southern Ontario, Canada. European
Journal of Clinical Nutrition 64, 454-460.
World Cancer Research Fund / American Institute for Cancer Research (2007): Food, Nutrition, Physical
Activity, and the Prevention of Cancer: a Global Perspective. Washington, DC: AICR.
World Health Organization Expert Committee (1996): Hypertension control, WHO Technical Report Series
862 edn. Geneva: World Health Organization.

55

Papers
Paper I

Evaluation of a new digital method for assessing food intake at workplace canteens
Lassen AD1, Andersen KK2, Biltoft-Jensen A1, Christensen T1, Gille M-B1, Tetens I1
1

Division of Nutrition, National Food Institute, Technical University of Denmark

2

Informatics and Mathematical Modelling, Technical University of Denmark

Resubmitted

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Paper II

Evaluation of a digital method to assess evening meal intake in a free-living adult population
Lassen AD1, Poulsen S2, Ernst L2, Andersen KK3, Biltoft-Jensen A1, Tetens I1
1 Division
2The

of Nutrition, National Food Institute, Technical University of Denmark

Danish Cancer Society

3 Informatics

and Mathematical Modelling, Technical University of Denmark

Food & Nutrition Research, 2010, 54(5311), DOI: 10.3402/fnr.v54i0.5311

71

72

73

74

75

76

77

78

79

80

Paper III

Development and validation of a new simple Healthy Meal Index for canteen meals
Lassen AD1, Biltoft-Jensen A1, Hansen GL2, Hels O1, Tetens I1
1 Division
2 The

of Nutrition, National Food Institute, Technical University of Denmark

Danish Cancer Society

Public Health Nutrition , 2010, 13(10), 1559-1565

81

82

83

84

85

86

87

88

Paper IV
Effectiveness of a Canteen Take Away concept in promoting healthy eating pattern among
employees
Lassen AD1, Ernst L2, Poulsen S2, Andersen KK3, Hansen GL2, Biltoft-Jensen A1, Tetens I1.
1 Division
2

of Nutrition, National Food Institute, Technical University of Denmark

The Danish Cancer Society

3 Informatics

and Mathematical Modelling, Technical University of Denmark

Submitted

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

The present PhD thesis contributes to the evidence of effective healthy eating promotion initiatives at the
worksites. It provides novel insight into three research areas: Digital photographic methods for assessing
food intake, development of a tool to evaluate the nutritional quality of individual meals and finally the
effectiveness of a healthy Canteen Take Away concept in improving the diets of the employees.
The results from the thesis reinforce the importance of availability and convenience as effective strategies
to promote healthy eating habits, and it provides a stimulus for further action in worksites to enable and
promote healthy eating pattern among employees even across the contexts of worksite and family.

National Food Institute
Technical University of Denmark
Mørkhøj Bygade 19
DK - 2860 Søborg
Tel. 35 88 70 00
Fax 35 88 70 01
www.food.dtu.dk
ISBN: 978-87-92158-86-4

