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ABBREVIATIONS 

AMed criteria: criterios de Alimentación Mediterránea (Mediterranean diet criteria) 

CSUQ: Computer System Usability Questionnaire 

eHealth: Electronic Health application 

EU: European Union  

FAO: The Food and Agriculture Organization of the United Nations 

FDA: US Food and Drug Administration 

FOOD: Fighting Obesity through Offer and Demand  

FOP: Front-Of-Pack logo system 

GDAs: Guideline Daily Amounts 

ICTs: Information and Communication Technologies 

MARS: Mobile App Rating Scale 

mHealth: Mobile Health application  

MTL: Multiple Traffic-light Labelling system 

NCDs: Noncommunicable Diseases 

NEMS-R: Nutrition Environment Measures Study Restaurant assessment 

PREDIMED: Prevención con Dieta Mediterránea (Prevention with Mediterranean Diet) 

RCT: Randomized Controlled Trial 

SD: Standard Deviation 

SDGs: Sustainable Development Goals  

SMAP criteria: criteria for gluten management designed by the Catalan celiac association 

UNESCO: United Nations Educational, Scientific and Cultural Organization 

WHO: World Health Organization 
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ABSTRACT 

BACKGROUND: The daily meals consumed outside of the home has increased 

substantially in recent years among adults and children; however, these meals are 

associated with an unhealthy diet that may increase predisposal to obesity and other 

related chronic diseases in the long term. 

Thus, health promotion in community settings such as restaurants is fundamental to 

encourage healthier dietary habits when eating out. 

HYPOTHESIS: The use of innovative strategies and the inclusion of digital technologies 

such as mobile and web apps in restaurant-based interventions could offer new 

opportunities to improve restaurant meal offerings and food allergen management. 

OBJECTIVE: This thesis aims to provide evidence about potential innovative strategies and 

technologies to be used in restaurant-based interventions to increase healthy meal 

offerings and food choices and improve restaurant food allergen management. 

SPECIFIC OBJECTIVES 

Study 1: To assess the Mediterranean diet adherence, healthiness, nutritional quality, and 

food allergen management of meals at restaurants in Tarragona Province (Catalonia, 

Spain) using a cross-sectional study. 

Study 2: To elucidate the effectiveness of independent full-service restaurant- and 

canteen-based interventions targeting children, adolescents and adults in increasing the 

availability, purchase and intake of healthy meals using a systematic review and meta-

analysis. 

Study 3: To assess the potential of self-monitoring mobile phone health (mHealth) apps to 

increase fruit and vegetable intake using a systematized review. 

Study 4: To assess the food allergy or intolerance apps in app stores. The multidimensional 

Mobile App Rating Scale (MARS) was used to rate these apps’ objective and subjective 

UNIVERSITAT ROVIRA I VIRGILI 
RESTAURANT-BASED INTERVENTIONS: A NEW APPROACH TO PROMOTE HEALTHIER AND ALLERGY-ADAPTED MEALS 
Floriana Mandracchia 



11 of 226 
 

quality and to identify critical points for future improvements using a systematic search 

and quality assessment. 

Study 5: To describe the development of the Healthy Meals web app and evaluate its 

usability, quality, and validity according to a panel of restaurateurs and nutritionists. 

METHODS 

Study 1: This cross-sectional analysis had the following primary outcomes: (1) adherence 

to criteria for the Mediterranean diet (AMed) and gluten management (SMAP); (2) the 

nutritional quality of dishes indicated by a green traffic light rating; and (3) meal nutrient 

content and allergen-free options. Secondary outcomes included restaurant staff 

knowledge about the Mediterranean diet and food allergens. 

Study 2: This systematic review and meta-analysis included studies from 2000–2020 

searched in Medline, Scopus, and the Cochrane Library using the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist. Randomized 

Controlled Trials (RCTs) and non-RCTs were included in the systematic review, but only 

RCTs were included in the meta-analysis. Studies were analysed using the following 

criteria: (1) outcome category (dietary intake, food availability and food purchase); (2) 

strategies applied (consumer- and/or establishment-based); and (3) intervention setting 

(school, community, and workplace) reflecting the age of the target population, i.e., 

children and/or adults. 

Study 3: In this systematized review, searches in PubMed and the Web of Science were 

conducted and had the following inclusion criteria: RCTs evaluating mobile phone apps 

(mHealth) focused on increasing fruit and/or vegetable intake as a primary or secondary 

outcome performed from 2008 to 2018. 

Study 4: This systematic search identified apps through the keywords “food allergy,” “food 

intolerance,” and “allergens” in English, Spanish, and Italian in the Apple App Store (iOS) 

and Google Play Store (Android). The inclusion criteria were a user star rating of ≥3 (of 5 

stars) to limit the selection to the most highly rated apps; ≥1000 reviews identified on the 

presenting page of the app in the app store to identify the apps that were most commonly 
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used and experienced; and the most recent update performed from 2017 to present. 

Then, the identified apps were divided according to their purpose: a) searching for 

allergen-free “food products,” b) “restaurants,” or c) recipes in “meal planners”. Then, 

apps were evaluated on a scale from 1 to 5 points using the MARS in terms of the 

following: (1) app subjective and objective quality categories, comprising various sections 

such as engagement, functionality, aesthetics, and information (Medline was searched for 

eligible apps to check whether they had been tested in trials); and (2) an optional app-

specific MARS section to collect further information about the perceived impact of the app 

on the user (awareness, knowledge, attitudes, intention to change, help-seeking, and 

behavioural change). Furthermore, the output and input features of the included apps 

were evaluated. Differences between MARS sections and app purposes were assessed. 

Additionally, correlations among MARS sections, star ratings, and numbers of reviews 

were evaluated. 

Study 5: The Healthy Meals web app was based on the nutritional content of restaurant 

meals assessed in the form of Multiple Traffic Light (MTL) labels and the detection of 14 

recognized food allergens. App evaluation included the following: 1) usability evaluation, 

by 6 restaurateurs and 10 nutritionists who entered a recipe sheet into the web app, and 

then completed the Computer System Usability Questionnaire (CSUQ), which assessed 

four factors (system, interface, information, and overall usability) with a maximum score 

of 7 points; 2) quality evaluation, by the same 10 nutritionists who performed the usability 

evaluation, and then completed the Mobile App Rating Scale (MARS), with a maximum 

score of 5 points in the following domains: (a) objective app quality (engagement, 

functionality, aesthetics, and information), (b) subjective app quality, and (c) user’s 

impacts on the app; 3) validation evaluation, according to the differences in nutrient 

contents between 2 different nutritionists who entered the same 10 recipe sheets into the 

web app. Reliability of the ratings was assessed by the Interclass Correlation Coefficient 

(ICC) to measure the replicability of ratings and was considered moderate (ICC 0.50 to 

0.75), good (ICC 0.75 to 0.90) or excellent (ICC >0.90). Furthermore, nutritionists and 

restaurateurs were asked two open-ended questions to identify critical points to improve. 

RESULTS 
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Study 1: This cross-sectional study included forty-four restaurants and analysed 297 

restaurant dishes. Regarding the Mediterranean-adherent diet and food allergen 

management, restaurants fulfilled an average (mean±Standard Deviation (SD)) of 5.1±1.6 

of 9 compulsory AMed criteria and 12.9±2.8 of 18 SMAP criteria, respectively. Dishes were 

mainly rated green for sugar (n=178/297, 59.9%) but not for calories (n=23/297, 7.7%) or 

total fat (n=18/297, 6.1%). Waiters and cooks received passing scores for food allergen 

knowledge (5.8±1.7 and 5.5±1.5 out of 10 points, respectively). 

Study 2: A total of 35 RCTs and 6 non-RCTs were included in the systematic review. The 

meta-analysis included 16 RCTs (excluding non-RCTs to obtain higher quality results). The 

results for the assessed outcome categories were the following: a) For dietary intake, the 

included RCTs increased healthy foods (+0.20 servings/day, 0.12 to 0.29, p<0.001) and 

decreased fat intake (-9.90 g/day, -12.61 to -7.19, p<0.001), favouring the intervention 

group; b) For food availability, intervention in schools reduced the risk of offering 

unhealthy menu items by 47% (RR 0.53, 0.34 to 0.85, p=0.008); and c) For food purchases, 

the systematic review of RCTs and non-RCTs showed that interventions could be partially 

effective in improving healthy foods. 

Study 3: This systematized review included eight RCTs evaluating mobile phone apps 

focused on increasing fruit and/or vegetable intake. The interventions described in six of 

these RCTs were effective in increasing fruit and/or vegetable intake. The key aspects 

identified for the effectiveness of the intervention were the following: a) targeting 

stratified populations and b) using long-lasting interventions. 

Study 4: In this systematic search of the 1376 apps identified, 14 apps were included for 

the quality assessment: 12 apps were related to food allergies and intolerances that 

detect 2-16 food allergens and 2 apps were related only to gluten intolerance. The mean 

(SD) MARS scores (maximum of 5 points) were 3.8/5 (SD 0.4) for objective quality, 

highlighting whether any app had been tested in trials; 3.5/5 (SD 0.6) for subjective 

quality; and 3.6/5 (SD 0.7) for the app-specific section. Therefore, a rating ≥3 out of 5 

points indicated overall acceptable quality. From the between-section comparison, 
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engagement (mean 3.5/5, SD 0.6) obtained significantly lower scores than functionality 

(mean 4.1/5, SD 0.6), aesthetics (mean 4/5, SD 0.5), and information (mean 3.8/5, SD 0.4). 

However, when the apps were compared by purpose, significantly higher engagement was 

identified for meal planner apps (mean 4.1/5, SD 0.4) than for food product (mean 3.0/5, 

SD 0.6; p=.05) and restaurant (mean 3.2/5, SD 0.3; p=.02) apps. 

Study 5: Users agreed with the web app usability according to the CSUQ (mean 5.6/7 

points, SD 0.9), with moderate reliability among ratings (ICC=0.57; 95% CI, 0.18 to 0.82). 

Factors with lower scores were interface and information usability (mean 5.6/7 points, SD 

1.2; mean 5.5/7 points, SD 1.2, respectively). The web app showed good objective quality 

according to the MARS (mean 4.0/5 points, SD 0.4), with excellent reliability among 

nutritionists (ICC=0.91; 95% CI, 0.85 to 0.96). Sections with lower scores were 

engagement, information and subjective quality (mean 3.4/5 points, SD 0.7; mean 3.9/5 

points, SD 0.6; mean 3.1/5, SD 0.4, respectively). For web app validation, no significant 

differences were observed between the two nutritionists’ data, with excellent reliability 

(ICC=0.98; 95% CI, 0.97 to 0.99). Regarding the points for improvement identified, users 

proposed ameliorating app data entry by improving the availability of the food database. 

CONCLUSIONS 

Study 1: Restaurants partially met the AMed and SMAP criteria, demonstrating that 

further efforts are needed to improve Mediterranean diet-adherent menu offerings and 

food allergen management. Increasing fibre and decreasing saturated fat are necessary to 

improve the nutritional content of restaurant meals and consequently consumers’ 

adherence to a healthy diet. Additionally, for restaurant staff, training courses should be 

considered as a way to reinforce adequate food allergen management in restaurants. 

Study 2: Restaurant- and canteen-based interventions improved the dietary intake of 

healthy foods, reduced fat intake, and increased the availability of healthy menus, mainly 

in schools. However, higher-quality RCTs are needed to strengthen these results. 

Moreover, from our results, intervention strategy recommendations are provided. 
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Study 3: The present review demonstrates that mHealth app-based interventions, lasting 

from two to nine months and characterized by a stratified population that shares the 

same motivation to achieve better dietary habits, are effective in increasing fruit and 

vegetable consumption. Furthermore, the inclusion of behavioural change techniques, 

such as dietary feedback together with self-monitoring and remote coaching support, has 

been identified as a key element that can definitively facilitate the adoption of new 

dietary habits. This issue strongly suggests that behavioural theory-based strategies must 

be considered when designing dietary mHealth interventions. Further research on 

mHealth apps is needed to design more effective interventions and to determine their 

efficacy over the long term. 

Study 4: Food allergy or intolerance apps showed acceptable MARS quality (≥3 out of 5 

points), although the engagement section for food product and restaurant purpose apps 

should be improved, and the effectiveness of the applications has yet to be tested in trials. 

The critical points identified can help improve the innovativeness and applicability of 

future food allergy and intolerance apps. 

Study 5: The Healthy Meals web app was demonstrated to be usable, of good quality and 

a valid tool for the nutritional assessment and food allergen identification of dishes. Points 

to improve were identified, while the effectiveness of the app should be tested in 

scientific trials. 

GLOBAL CONCLUSION 

In conclusion, innovative strategies have been identified and evaluated, obtaining tailored 

recommendations for restaurants to improve the healthiness and the Mediterranean diet-

adherent offering of their menus and to ameliorate allergen management. 

Regarding the inclusion of digital technologies, mHealth and eHealth technologies have 

been demonstrated to be innovative strategies that can be included in restaurant-based 

interventions. Existing apps for food allergies or intolerances have shown acceptable 

quality. Additionally, the Healthy Meals web app has proven its usability, quality, and 
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validity to help restaurateurs assess dish nutritional content and the presence of food 

allergens. 

PERSPECTIVES 

Future perspectives rely on the performance of high-quality restaurant-based 

interventions, such as the Healthy Meals RCT, to evaluate the effectiveness of improving 

meals’ healthiness and food allergen management. Mobile apps for improving nutritional 

behaviour, as well as for food allergies or intolerances, should be tested in RCTs and be 

ameliorated in terms of user engagement. Regarding the Healthy Meals web app, the 

identified critical points should be improved, and its effectiveness should be 

demonstrated in a designed RCT. 
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JUSTIFICATION 

Although unhealthy lifestyle behaviours, such as poor diet and physical inactivity, have 

been demonstrated to negatively impact health by increasing the risk of morbidity and 

mortality, they are widespread worldwide (World Health Organization, 2021). These 

unhealthy habits begin as early as childhood and adolescence (Moreno et al., 2014), 

affecting all stages of life. 

In particular, the consumption of out-of-home meals has increased in recent decades. 

However, eating out is associated with lower consumption of fruits and vegetables 

(Fulkerson et al., 2014) and with higher contents of calories, fats and sodium than eating 

at home (Lachat et al., 2012), which may increase the prevalence of being overweight, 

obesity (Swinburn et al., 2004) and related chronic diseases (Jayedi et al., 2020). 

In Spain, for instance, young and adult individuals have reported consuming meals away 

from home during weekdays because of work/study commitments and for leisure and 

travel-related reasons on the weekend (Diaz-Mendez & Garcia-Espejo, 2017). Sit-down 

restaurants are the preferred locations for 74.1% of the total out-of-home consumption 

(Ministerio de agricultura pesca y alimentacion, 2020). 

However, with respect to customer satisfaction, from a cohort of restaurant diners from 

ten countries worldwide, only 18% of the consumers were satisfied with the healthy 

options available on menus and demanded more vegetables, fresh ingredients and light 

cooking (Newson et al., 2015). Thus, implementing healthier meal offerings in restaurants 

is an exceptional opportunity for improving consumers’ dietary choices. 

Furthermore, eating out can be difficult for people suffering from food allergies and 

intolerances since many restaurants do not make information about the presence of 

allergens in the meals offered available to customers. In contrast, the incidence of food 

allergies and intolerances is growing in developed countries, and many severe reactions 

also occur in restaurants (Versluis et al., 2015). 

In particular, although European Legislation No. 1169/2011 requires food businesses to  
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provide information about the presence of any of the 14 most common food allergens 

(gluten, crustaceans, eggs, fish, peanuts, soya, milk, nuts, celery, mustard, sesame, sulfur 

dioxide, lupin and molluscs) (The European Parliment and the Council of the European 

Union, 2011), its implementation is still scarce (Begen et al., 2018; Dano et al., 2015; 

Loerbroks et al., 2019). 

Besides, a way to reinforce the allergen management of restaurants is through their staff. 

Thus, insufficient training about food allergen management, misconceptions (Ajala et al., 

2010), and the feeling of not being responsible for the prevention of customers’ allergic 

reactions (Shafie & Azman, 2015) highlight the need for restaurateurs and their staff to 

receive more education and awareness. 

Specifically, restaurant-based interventions represent a potential strategy to improve the 

availability of healthier meals and allergen-free options addressed to each member of a 

family (Tarro et al., 2017) due to the influence that food environments have on 

individuals’ behaviours (Valdivia Espino et al., 2015). 

To address the mentioned issues focused on proposing the bases of restaurant-based 

interventions to improve healthy meal offerings and food allergy management, different 

steps were followed in the present thesis (Figure 1). 

First, the analysis of the social context has led to the following: a) the definition of a major 

community topic, which is the increase in the consumption of out-of-home meals by all 

the members of a family due to the lack of time for cooking, work commitments, leisure 

and tourism reasons; and b) the identification of literature gaps that highlight research 

needs and ensure the adequacy of the approach used (Alamina et al., 2020). 

Second, the literature analysis highlighted the existence of a knowledge gap about the 

healthiness of the meals offered by Spanish restaurants and their management of food 

allergens to ensure adequate options for food allergic and intolerant consumers. 

Third, scarce evidence about the most effective methodology to improve the healthy 

meals offered in restaurant-based interventions was identified, leaving little data for the 

design of future interventions. 
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Fourth, a growing need for technological innovation in the form of mobile health 

(mHealth) and electronic health (eHealth) applications (apps), which are used for different 

tasks in everyday life, emerged as a result of the increasing number of people with 

internet access worldwide, which was approximately 4.13 billion users in 2019 (Clement, 

2020). 

In the context of health promotion, these technologies have already been adopted in 

different types of healthcare interventions (Yang & Van Steen, 2019) and represent a 

promising opportunity in the fields of healthy nutrition promotion (Lieffers & Hanning, 

2012), self-monitoring (Çelik et al., 2014), and self-management of food allergies and 

intolerances. 

Actually, stakeholders demand digital tools that could help provide more consistent data 

and other types of related food information (Kapsokefalou et al., 2019), such as meals’ 

nutritional content and the presence of food allergens, which are necessary to ensure 

healthy and safe meals to consumers, respectively (Elmadfa & Meyer, 2010). Moreover, 

evidence about effective apps for increasing healthy food choices and adapted allergen-

free options is still scarce, and the quality evaluation of the apps already present on the 

market is another fundamental issue for the design of effective future apps used in health-

related interventions. 

Fifth, the design of the restaurant-based intervention, as the next step, will include the 

assessment of the nutritional content of restaurant meals, improvement of the menu’s 

offerings, and training of the restaurant staff about food allergen management in 

restaurants. 

The implementation of the defined intervention represents a crucial priority since the 

interpretation of the resulting outcomes leads to the definition of evidence-based 

recommendations for the target population as restaurateurs and of implications for long-

term maintenance (Rootman et al., 2001). 
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The improvement in the nutritional quality of restaurant meals and better management of 

food allergens could lead to positive changes in consumers’ food choices (Story et al., 

2008) and to a beneficial impact on their diet and health (Holder, 2019). 

Thus, the mentioned issues will be addressed by providing evidence about the potential 

strategies and innovative technologies to be used in restaurant-based interventions for 

the promotion of healthier nutrition and better allergen management. 

 

Figure 1: Identification of the community topic and literature gaps for the improvement of 

healthy meal offerings and food allergen management in restaurant-based interventions: 

thesis design process with specific aims to fulfill. 

 

 

 

Source: designed by the author. 
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INTRODUCTION 

CHAPTER 1: PUBLIC HEALTH PROMOTION 

1.1 World Health Organization definition of health, health promotion and public health 

The definition of “health” according to the World Health Organization (WHO) constitution 

signed in 1948 is “a state of complete physical, mental and social well-being and not 

merely the absence of disease or infirmity” [..] “the achievement of any State in the 

promotion and protection of health is of value to all” (Kelley, 2014). Health is recognized as 

a human right, and is related to personal, physical, and social resources (World Health 

Organization, 1986). With the “Health for All” strategy, the WHO and its member states 

committed to a series of social, environmental, and economic actions to ensure “the 

attainment by all the people of the world by the year 2000 of a level of health that will 

permit them to lead a socially and economically productive life” (Nutbeam, 1986). 

During the first international conference on health promotion, held on 21 November 1986 

in Ottawa (Canada), “The Ottawa Charter” was presented as the official programme for 

achieving “Health for All” through health promotion, defined as “the process of enabling 

people to increase control over, and to improve, their health” (Nutbeam, 1986). The main 

objective of health promotion is to improve public health, which is “the art and science of 

preventing disease, prolonging life and promoting health through the organized efforts of 

society”; and to enhance the concepts that go beyond healthcare, such as well-being and 

healthy lifestyles (Nutbeam, 1986). 

In 1997, the 4th International Conference on Health Promotion held in Jakarta (Java Island, 

Indonesia) provided a further distinction between public health and new public health, 

which adds the concepts of lifestyles and living conditions as determinants of people’s 

health status to the definition (Nutbeam, 1998). In this sense, according to the newest and 

latest definition of public health, supporting healthy lifestyles and environments by 

enhancing the creation of programmes, policies, services, and resources is necessary to 

preserve people’s health (Nutbeam, 1998). 
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1.1.1 Ottawa Charter for health promotion 

“The Ottawa Charter for health promotion” establishes the commitment of the WHO and 

the other participating members to the adoption of specific programmes related to social 

and ethical norms to achieve Health for All (World Health Organization, 1986). Although 

health promotion strategies must be designed based on the economic, social, and cultural 

possibilities of a country, three essential strategies for health improvement have been 

defined by the Ottawa Charter (World Health Organization, 1986): 

1. Advocate good public health by promoting changes in political, legislative, social, and 

economic barriers affecting people’s well-being and promoting the better use of 

population resources (Wise, 2001). Advocacy includes individual and social actions to 

create public awareness and interest through mobilization, mass media and interpersonal 

communications (World Health Organization, 1992). 

2. Enable people with equal opportunities, information, and skills not only to achieve 

health goals but also to empower communities in improving environments and 

individuals’ behaviours through partnerships (Saan & Wise, 2011). 

3. Mediate to ensure coordinated action in the promotion of public health by all 

stakeholders such as governments, organizations, authorities, industries, professionals, 

and social sectors. In particular, health professionals have a greater responsibility for 

mediating different social interests in achieving health goals (World Health Organization, 

1986). 

These three strategies were presented in the health promotion emblem (Figure 2), 

created for the Ottawa International Conference and kept as the official logo for the 

approaches defined in the Ottawa Charter (World Health Organization, 1986). In Figure 2, 

from a central circle presenting the three above-described strategies (advocate, enable, 

and mediate), three wings depart from it, and a larger outside circle describing the five 

key action areas in health promotion delimits the emblem. These five key actions are the 

following (World Health Organization, 1986): 
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1. Build healthy public policy to keep all the actions coming from different sectors tied 

and coordinated to be more efficient and safer; 

2. Create supportive environments intended as communities, living, and work 

environments that take care of natural resources and have a positive impact on people’s 

health; 

3. Strengthen community actions by entrusting the community in the control and 

management of health promotion community actions, which implies the provision of 

information, funding, and support; 

4. Develop personal skill through education, training and developmental opportunities set 

in the school, work, home and community settings with the aim of enabling people to self-

manage their health; and 

5. Reorient health services by considering the economic, social, and cultural differences in 

individuals' and communities’ needs and possibilities. 

Figure 2: Emblem of the Ottawa International Conference on Health Promotion. 

 

Source: World Health Organization (WHO), 1986. 
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The wing comprising the actions “strengthen community” (key promotion area 3) and 

“develop personal skills” (key promotion area 4) symbolically comes out of the larger 

outside circle representing the construction of public policy. This emphasizes that 

communities’ and individuals’ needs evolve with time, and a flexible healthy public policy 

is necessary to address these changes (World Health Organization, 1986). 

Actually, health promotion actions must consider the socioeconomic, cultural, and 

environmental factors affecting people’s health in different ways, according to age, sex, 

and ethnicity (Lovell & Bibby, 2018). Specifically, living and work conditions, education, 

diet, social relationships and individual behaviours are social health determinants whereas 

differences in power, money and resources are the basis of population inequalities, 

leading to disparities in health problems that also create gaps in health accessibility (Lovell 

& Bibby, 2018). 

1.2 Setting-based approaches for health promotion 

Health promotion requires specific setting-based approaches, described by the WHO in 

the Ottawa charter (1986) as the “Healthy Settings” movement, according to the concept 

that “health is created and lived by people within the settings of their everyday life; where 

they learn, work, play and love” (World Health Organization, 1986). Thus, a setting is 

defined as the environment where people spend most of their time and where they could 

encounter health problems and make related choices, such as cities, schools, workplaces, 

hospitals, homes, and communities, among others (Nutbeam, 1986) (Figure 3). Next, some 

setting-based approaches for health promotion identified by the WHO are described. 

From the initial Healthy Cities programme (World Health Organization, 1986), the Healthy 

Settings movement has developed, addressing different settings considered health 

promoters, with specific projects to safeguard public health. 

For example, Health Promoting Schools programmes, including multicomponent strategies 

directed at the school curriculum, the school environment and the entire community, are 

one of the most widespread setting-based approaches (World Health Organization and 

The United Nations Educational Scientific and Cultural Organization, 2018). School-based 
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interventions applying the Health Promoting Schools approach have demonstrated 

significant effectiveness in improving students’ dietary intake by increasing the 

consumption of healthier foods and reducing the intake of low-nutrient dense foods, as 

well as in ameliorating hygienic and food safety behaviours (Wang & Stewart, 2013). 

The workplace environment, along with the school setting, represents another priority 

setting for health promotion since adults spend most of their life in their workplace and 

because interventions made in such settings indirectly impact workers’ families, 

communities, and society. Multicomponent interventions based on the healthy workplace 

model are the most effective for improving employee health by targeting dietary 

behaviours and physical activity. Such interventions include food service and vending 

machine changes through the provision of healthier options, physical activity 

programmes, environmental improvements, education and health policy assumptions 

(World Health Organization, 2009). 

Primary care settings, such as hospitals, also represent a high-impact setting for health 

promotion because as research and teaching institutions, hospitals produce and 

disseminate knowledge that influences health structures and professional practice. 

Therefore, the WHO Health Promoting Hospitals movement aimed to promote health for 

patients, health professionals and the surrounding hospital community through actions 

and specific interventions (World Health Organization, 2005). However, hospital-based 

interventions suffer from the lack of long-term sustainability due to the absence of 

sufficient funding and strong implementation frameworks, which represent the current 

challenges faced by health care institutions (Cowie et al., 2018). 

Furthermore, the home setting is a crucial environment when targeting families and 

children in particular. Home-based approaches have demonstrated effectiveness in 

improving the parental capability to promote a healthier lifestyle for all family members, 

including healthier eating habits and increased physical activity, contributing to the 

prevention of childhood obesity (West et al., 2010). Furthermore, positive results of 

home-based interventions also support the older population by reducing mortality rates 

and improving their independent activity (Tappenden et al., 2012). 
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Finally, another important health promotion environment is the community setting, which 

is the broadest setting and includes “groups of people sharing a common characteristic or 

affinity, such as living in a neighbourhood, or being in a specific population group, or 

sharing a common faith or set of experiences” (National Institute for Health and Care 

Excellence, 2016). 

Communities have a fundamental role in improving public health through the active 

participation of individuals in activities, programmes, discussions and services (Public 

Health England & NHS England, 2014). Effective community-based interventions aimed at 

improving healthy lifestyles target multicomponent changes at the individual, social and 

environmental levels (Story et al., 2008). Specifically, they require the active participation 

of the community, implementation of the intervention in one or more community 

settings, use of multiple intervention strategies, and improvement of the environment 

through the application of policies or point-of-purchase marketing strategies in food 

services, retail stores and restaurants, for example (Mittelmark et al., 1993). 

Environmental and policy approaches could be the most effective strategies to improve 

population-based healthy eating habits since individual behavioural changes need to be 

encouraged by a healthy environment that offers accessible and affordable food choices 

(Story et al., 2008). Thus, possible changes are feasible through the implementation of 

local and national policies such as food and beverage taxes, menu labelling and market 

licences, among others (Bowen et al., 2015). 
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Figure 3: The WHO Healthy Settings. 

 

        

 1.3 Promoting healthy behaviours to prevent non-communicable diseases 

Individual unhealthy behaviours are relevant determinants of health and key targets in 

disease prevention (Mo & Winnie, 2010). Noncommunicable diseases (NCDs) such as 

cancer, diabetes, and heart and lung diseases caused 41 million deaths among individuals 

aged from 30-69 years in 2018, corresponding to 71% of global deaths. Poor nutrition, 

physical inactivity, smoking and alcohol abuse have been demonstrated to have significant 

impacts on developing NCDs (World Health Organization, 2018). 

Thus, health promotion is fundamental to encouraging behavioural and environmental 

changes to avoid disease and relieves the increasing demand for health sector resources 

Source: HSE National Health Promotion Office, 2012. 
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(Dobe, 2012). In particular, the promotion of a healthy diet plays an important role in the 

prevention of diabetes, hypertension, obesity and cardiovascular diseases, among other 

chronic diseases (World Health Organization, 2003). 

 A healthy diet includes foods, nutrients and habits aimed at optimizing health. 

Specifically, these eating habits include the following (Willett & Stampfer, 2013; World 

Health Organization, 2020b): 

1. Consumption of at least five portions of fruit and vegetables a day, as well as legumes, 

nuts and whole grains; 

2. Less than 10% of the total caloric intake should come from free sugar; 

3. Less than 30% of the total caloric intake should come from fats and unsaturated fats 

(fish, nuts, olive oils, etc.) are preferable to saturated fats (meat, butter, cheese, etc.) and 

should represent less than 10% of the total caloric intake; 

4. Avoidance of industrially produced trans fats; 

5. Consumption of less than 5g of salt a day and preferably ionized; 

6. Adoption of an active lifestyle with daily physical activity; and 

7. Moderate alcohol consumption and increased water intake. 

Additionally, one of the globally most-known and studied healthy dietary patterns is the 

Mediterranean Diet recognized by the United Nations Educational, Scientific and Cultural 

Organization (UNESCO) as a cultural heritage of humanity (Saulle & La Torre, 2010) 

demonstrating preventive and protective effects towards several chronic diseases (Keys et 

al., 1986). 

For instance, the PREDIMED (Prevención con Dieta Mediterránea) study, which is a 

primary prevention trial, demonstrated the protective effects of the Mediterranean diet 

on individuals with diabetes or other risk factors for heart disease by reducing the risk of 

death from stroke by 30% due to the consumption of extravirgin olive oil, nuts, and 
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antioxidant-rich foods that characterize this particular dietary pattern (Estruch et al., 

2018). 

The Mediterranean dietary pattern, defined by Ancel Keys in 1986, includes the following: 

a) high consumption of fruits, vegetables, water, dried fruits, cereals, whole grains, fresh 

and local foods that are minimally processed, olive oil as the principal source of dietary 

fats, and dairy products; b) moderate consumption of eggs, poultry, seafood and fish; and 

c) low consumption of alcohol, sugars, and red and processed meat (Altomare et al., 

2013). 

Health promotion interventions based on the Mediterranean diet education could be 

effective in the prevention of different diseases among the population (Piscopo, 2009), 

but more evidence is needed to determine which are the best strategies and settings to 

encourage individuals to adopt healthier eating habits. Although individuals try to 

maintain healthy dietary behaviours, the modern food environment is rich in appetizing 

and processed foods that have addictive effects on consumers (Gearhardt et al., 2011). 

The community setting, for instance, has been somewhat effective for health promotion. 

In the community setting, the implementation of policies and marketing strategies has 

limited the availability, accessibility and demand for foods and beverages high in saturated 

fats, trans fats, salt and sugar through taxes on sugar-sweetened drinks and the 

reformulation of food product contents (World Health Organization, 2016). Decreasing 

saturated fat intake could lead to a 17% reduction in the risk of developing 

cardiovascular disease (Hooper et al., 2015); and a reduction in salt content in food 

products, together with food labelling and marketing campaigns, had a significant impact 

on the prevention of NCDs (Hyseni et al., 2017). 

For the prevention and control of NCDs, it is important that interventions target the entire 

life course, from infancy to older age; and include the natural settings where people spend 

their lives (Mikkelsen et al., 2019), such as schools (Singh et al., 2017), worksites (Kolbe-

Alexander & Lambert, 2013), communities (Dyson et al., 2015) and restaurants (Laar et al., 

2020). 
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In this context, in 2009, six European countries (Belgium, Spain, Italy, France, Sweden, and 

the Czech Republic) started the “Fighting Obesity through Offer and Demand” (FOOD) 

project (Soroko, 2012), which aimed to prevent obesity and improve the nutritional 

quality of the food offered at restaurants by proving more information to customers and 

making healthier choices more accessible. The findings of the FOOD project showed that 

employees were more interested in healthy eating habits and chose restaurants for daily 

lunch breaks based on their menu offerings, preferring restaurants with a greater variety 

of food. 

Moreover, although most of the interviewed restaurants did not notice an increase in the 

demand for balanced meals, they were interested in making improvements in the 

nutritional quality of their offerings in line with the FOOD recommendations (Soroko, 

2012). 

1.4 Good health and well-being as one of the 17 Sustainable Development Goals 

On 25 September 2015, the General Assembly of the United Nations established 17 

Sustainable Development Goals (SDGs) and 169 targets (United Nations, 2015) for a 

healthier and fairer world by 2030 (Figure 4). The SDGs are a plan for action addressing 

people, the planet, prosperity, peace, and partnerships to be conducted by all member 

nations. Each government has committed to implementing these global targets into their 

national programmes considering their economic, social and environmental contexts 

(Voituriez et al., 2020). 

Of the 17 SDGs, at least 13 are directly or indirectly related to health and well-being; 

however, only goal number 3 specifically aims to “ensure healthy lives and promote well-

being for all at all ages” through 13 targets, which include decreased mortality from NCDs, 

improved healthcare services, education, prevention and reduced mortality, among others 

(Voituriez et al., 2020). To achieve SDG number 3, different implementation strategies 

have been proposed. For example, the WHO designed a strategic plan to extend health 

coverage, ensure better health services and promote health and well-being (World Health 

Organization, 2020a). 
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A practical approach for public health action, comprising five steps known as the “E4A”, 

was proposed (Menne et al., 2020): a) Engage health and well-being related stakeholders; 

b) Assess the countries’ contexts, challenges and potential to achieve health-related SDG 

targets; c) Align policies with governments and sectors to create coordinated action; d) 

Accelerate the entire process of identifying the most effective interventions; and e) 

Account for the progresses through outcome indicators and feedback. 

To accelerate the implementation of these strategies and the achievement of SDG number 

3, the use of Information and Communication Technologies (ICTs), in the form of e-Health 

and m-Health apps, is facilitating SDG 3 through direct interaction and information 

delivery to individuals worldwide, including those in low- and middle-income countries 

(International Telecommunication Union, 2017). 

Figure 4: 17 Sustainable Development Goals.                                                                            

 

 
Source: World Health Organization (WHO), 2016. 
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CHAPTER 2: MHEALTH AND EHEALTH: THE NEW INCOMING DIGITAL ERA FOR HEALTH 

PROMOTION 

2.1 Definitions, differences, and advantages 

The use of more innovative technologies, such as mHealth and eHealth in healthcare and 

health promotion, has rapidly increased in recent years; and most of these technologies 

focus on improving dietary tracking, self-monitoring and weight loss or management 

(Table 1). 

A clear official definition of such tools has not yet been defined (Shorbaji, 2013). However, 

the most reliable definitions are those of the WHO, which consider the following: a) 

eHealth (short for electronic health) is “the cost-effective and secure use of information 

and communications technologies in support of health and health-related fields, including 

health care services, health surveillance, health literature, and health education, 

knowledge and research” (Shorbaji, 2013); and b) mHealth (short for mobile health) is the 

“medical and public health practice supported by mobile devices, such as mobile phones, 

patient monitoring devices, personal digital assistants (PDAs), and other wireless devices” 

(World Health Organization, 2011). 

Specifically, eHealth technology aims to deliver health services and support and manage 

health systems through electronic devices such as computers (World Health Organization 

and International Telecommunication Union, 2012) while mHealth is derived from eHealth 

and supports health practices, self-monitoring, surveillance, care and information delivery 

through mobile technology such as apps, personal digital assistants and tablets 

(International Communication Union, 2014). As a result, eHealth and mHealth 

technologies provide different advantages in the public health promotion system, such as 

the following: a) the extended delivery of health services and expertise to remote areas, b) 

real-time data collection and monitoring, c) a patient-centred approach, d) supply chain 

management of equipment and products, e) friendly engagement of patients, and f) cost-

effectiveness and time savings (Abolade & Durosinmi, 2018). 

UNIVERSITAT ROVIRA I VIRGILI 
RESTAURANT-BASED INTERVENTIONS: A NEW APPROACH TO PROMOTE HEALTHIER AND ALLERGY-ADAPTED MEALS 
Floriana Mandracchia 
 



35 of 226 
 

In particular, mHealth and eHealth technologies have allowed low-income communities to 

access public health services at low costs, reducing health inequalities (Bastawrous & 

Armstrong, 2013). However, there are several concerns about the safety and privacy of 

patients' information shared through mHealth and eHealth tools, which could be 

overcome by implementing legislative and technological measures (Azeez & Van der 

Vyver, 2019). 

Although it is highly recommended that this technology be regulated to ensure its safety 

and quality for patient use, the regulatory process outlined by the European Commission 

in Europe only concerns medical devices for the diagnosis, prevention, monitoring, 

treatment or alleviation of disease; compensation for an injury or handicap; or control of 

conception (West of England Academic Health Science Network & University of Bristol, 

2014). Similarly, the US Food and Drug Administration (FDA) only legislates apps whose 

aim is to provide help in decision making for the diagnosis, cure, mitigation, treatment or 

prevention of a disease or other conditions (US Food and Drug Administration (FDA), 

2019). 

Thus, apps intended to provide information and education to users, as do most of the 

existing apps on the market, could not actually be regulated. 
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2.2 Mobile apps and web-based delivered interventions 

Health promotion interventions based on the use of mobile or web apps have rapidly 

spread in recent years due to their cost-effectiveness and potential to reach a large target 

population (Soriano Marcolino et al., 2018). Specifically, their potential has been tested in 

supporting chronic diseases, NCDs, disease rehabilitation, mental health management, 

treatment adherence, and behavioural change, including smoking, alcohol consumption, 

dietary intake and physical activity (Soriano Marcolino et al., 2018). 

mHealth and eHealth interventions have demonstrated promising results among different 

population ages and for different outcomes, such as the following: a) in children for the 

prevention or treatment of childhood obesity (Turner et al., 2016), b) in adolescents for 

the management of chronic diseases such as diabetes and the promotion of healthy 

behaviours such as increased physical activity (Fedele et al., 2017), and c) in adults and 

early elderly individuals for the improvement of physical activity (Haberlin et al., 2018; 

Kampmeijer et al., 2016), among others. 

When applied in health interventions, eHealth resulted in more appreciation and usability 

among users and had slightly better effects than mHealth (Gomez Quiñonez et al., 2016). 

However, the combination of mHealth and eHealth in digital health promotion could 

strengthen global intervention effectiveness and improve users’ motivation to achieve 

behavioural goals, such as healthy dietary habits and increased physical activity (Morrison 

et al., 2014). The favourable features of such technologies include the following: a) 

increasing the capability to allow patients to real-time self-monitor their health 

conditions; b) improving communications with health professionals in apps that offer such 

interaction, while others do not need such a feature; and c) increasing patients’ awareness 

of reaching health goals through prompts and reminders (Lee et al., 2018). 

Nevertheless, only a small number of the thousands of apps existing on the market have 

had their effectiveness in population-based interventions tested, posing the urgent need 

to provide more scientific evidence about the feasibility of such devices to ensure greater 

safety and quality for patients, especially when these apps are designed to help the self-

management of a chronic condition (Byambasuren et al., 2018). 
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Furthermore, nonmedical apps are intended to provide only information and education to 

users and often lack important or complete data (Akbar et al., 2020); therefore, these 

apps should be validated to better help users make health-related choices (Dayton, 2013). 

However, medical and nonmedical apps that have been developed for scientific trials, 

have already been tested and have demonstrated positive results should be made 

available on the digital market for their use by people with or without diseases that may 

benefit from them (Lee et al., 2018). 

2.3 Barriers encountered for digital health promotion interventions 

Along with the wide range of positive opportunities that mHealth and eHealth give in the 

field of digital health promotion, 5 main barriers are encountered when these 

technologies are implemented in health interventions (Vesel et al., 2015): 

1. Financial feasibility since one strong point of digital interventions is the economic 

benefits, which are often derived from the short-term financing that could compromise 

the sustainability of the intervention. This problem could be overcome if governments 

adopt health programmes paying for the expenses (Tamrat & Kachnowski, 2012). 

2. Lack of knowledge, research and evidence about the impacts of digital interventions, 

which delays their progression and implies scarce standardization for study designs (Vesel 

et al., 2015). 

3. The poor telecommunication infrastructure (Tamrat & Kachnowski, 2012), limited 

access to the internet and health inequalities in low-income countries, which requires 

actions directed not only to improve technical skills and the availability of electronic 

devices and internet connections but also to encourage social awareness of the 

importance of health (Ahmed et al., 2020). 

4. Inadequacy of the privacy and security measures concerning the personal data that are 

communicated and exchanged on such devices (Sahama et al., 2013). 

5. The sociocultural context, which is based on individuals’ age, education, socioeconomic 

status, perception and motivation, influences people's participation and interest in digital 
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interventions, especially among elderly individuals who are less likely than youth to use 

such new technology (Czaja et al., 2006). 

Health promotion interventions supported by digital technologies have great potential to 

improve health and prevent chronic diseases in individuals and communities. Thus, the 

abovementioned barriers should be considered for the design of future interventions (Ren 

et al., 2015). 

CHAPTER 3: RESTAURANT-BASED APPROACHES TO IMPROVE THE HEALTHINESS OF 

MEALS AND FOOD ALLERGEN MANAGEMENT 

In order to design effective approaches for restaurant-based interventions, several steps 

are needed. The first step concerns the identification of a community topic, such as the 

increase in out-of-home meals (paragraph 3.1); and the assessment of societal needs 

(paragraph 3.2), such as the increasing demand for healthier meals (paragraph 3.2.1), 

allergen-free dishes (paragraph 3.2.1), and vegetarian and vegan meals (paragraph 3.2.3). 

The second step includes the analysis of the evidence about the healthiness of restaurant 

meals (paragraph 3.3), the available assessment tools for the identification of healthy food 

options to show consumers (paragraph 3.4), and evidence about restaurant staff 

knowledge about food allergen management (paragraph 3.5). Finally, the last step is the 

review of the evidence about effective restaurant-based interventions present in the 

literature (paragraph 3.6). 

3.1 Identification of a community topic: the increase in out-of-home meals 

The change in dietary habits among Mediterranean populations, such as the increase in 

the frequency of eating out due to changing lifestyles and work commitments, has turned 

into a real public health problem that involves poor-quality nutrition and a negative 

impact on health for all family members (Rotondo et al., 2021). 

The nutritional intake of the Spanish population has significantly changed in the last 40 

years, deviating from the traditional and healthy Mediterranean dietary pattern and 

therefore representing a potential risk for individuals to develop NCDs (Varela-Moreiras et 

al., 2010). 
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According to the 2021 report of the Spanish Ministry of Health, only 47% of the Spanish 

population >1 year old consumes vegetables daily, and 68% regularly consume fruits. 

Additionally, 16% of Spanish adults and 10% of Spanish children were overweight 

(Ministerio de Sanidad Consumo y Bienestar Social (Spanish Ministry of Health), 2021). 

Regarding eating out, a recent survey conducted in Catalonia (Spain) showed that people 

on average consume meals away from home 3.5 times a week due to the lack of time and 

work necessities for adults and for leisure for youth, both on workdays and weekends 

(Departament d’Empresa i Coneixement de la Generalitat de Catalunya, 2018) (Figure 5). 

In general, in Spain, out-of-home eating increased by 286.39 million people in 2019; and of 

this eating out, 60.6% is food related and 39.4% is beverage related (Ministerio de 

agricultura pesca y alimentacion, 2020; Ministerio de Agricultura Pesca y Alimentación, 

2019). 

Another aspect of eating away from home is also related to the need to maintain social 

and familiar relationships, which means that eating away from home becomes a cultural 

habit and an integral part of the social life of Spaniards (Diaz-Mendez & Garcia-Espejo, 

2017). Spain is one of the most visited touristic countries in the world, and its gastronomic 

tourism has led to a significant increase in restaurant attendance, with the aim of 

promoting Spanish Mediterranean characteristics through the local culinary tradition 

(World Tourism organization (UNWTO), 2012). Preferred locations are traditional 

independent restaurants and cafeterias rather than fast food restaurants, and take-out 

meals are mostly preferred by younger generations (Departament d’Empresa i 

Coneixement de la Generalitat de Catalunya, 2018). 

Eating out entails increased portion sizes; greater intake of high-density caloric foods, fats, 

sodium and sugars; and lower varieties of fruits, vegetables, whole grains, legumes and 

other high-quality foods (Villacis et al., 2015). As widely recognized, long-term poor 

dietary habits are related to a higher risk of developing NCDs (Afshin et al., 2019) whereas 

the regular intake of home-cooked meals is associated with healthier nutrition and 

positive effects on cardiometabolic health by reducing the risk of diabetes, high 

cholesterol and adiposity (Mills et al., 2017). 
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Hence, there is a need to promote a return to compliance with the Mediterranean diet 

recommendations, especially in young people whose consumption of fruit, vegetables, 

and fish is very low compared to those of adults and elderly individuals (Partearroyo et al., 

2019). 

Thus, changes in the food environment, including the improvement of restaurant menu 

offerings by increasing the availability of healthier options, would have a positive impact 

on children’s food choices and consumption (Anzman-Frasca et al., 2015). 

Figure 5: Daily consumption of meals away from home in Catalonia (Spain). 

 

 

 

 

 

 

Source: Adapted by the author from the “Study of the catering sector in 

Catalonia. Behavioural habits and trends”, Department of Business and 

Knowledge of the Generalitat de Catalunya (2018).  
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3.2 The assessment of society’s needs 

3.2.1 Increase in consumers’ demand for specific food options: healthier meals 

Among the growing demands from consumers when eating outside the home is the need 

for healthier meals in restaurants. 

Specifically, from an international survey of customers’ satisfaction with the healthy 

dishes on restaurant menus, only 18% of the interviewees were completely satisfied. The 

expectations reported by the interviewed customers included more steamed, baked or 

grilled meal offerings (64%) and greater availability of fresh and low-fat ingredients (59%), 

especially at lunch during weekdays (Monday-Friday) (Newson et al., 2015). 

Regarding the types of restaurants that people would like to have more of in their city, 

Spaniards mainly desire healthy restaurants (34%) and traditional cuisine (28%); however, 

in other countries such as the United Kingdom (UK) and Germany, consumers demand 

more ethnic cuisine (28%) and fast food offerings (22%), respectively (Dalia Research, 

2017). 

Besides, the factors influencing consumers’ restaurant choices could be attributed to 

three main components: a) price-quality, service and marketing, referring to the 

combination of a low price with good quality service and reputation; b) food product 

quality and menu variety, related to the presence of traditional and high-valued meals; 

and c) seekers of healthy meals, which is the largest segment of consumers to which 

restaurants must begin to address in their marketing strategy (Chiciudean et al., 2019). 

However, despite customers’ intention to order healthier meals, there are several factors 

affecting consumers’ choices, including convenience in terms of the following: a) time, b) 

affordability, c) social influencers such as families, d) friends and the community, and e) 

food environments (Ares et al., 2017; Davis et al., 2013). 

Regarding financial aspects, regular consumers of healthy meals reported that such 

options are very expensive or overpriced compared to the other offerings, and the 
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labelled healthier options are not truly healthy in their opinion, indicating the need for 

restaurants to provide food with a better value for the price paid (Gopaul, 2015). 

Contrary to expectations, children and adolescents favour the provision of healthier side 

dishes, such as fruit and vegetables, to replace the most common French fries. In 

particular, what could limit the demand for healthier options by children is their 

enjoyment of/taste for new plates (Anzman-Frasca et al., 2014).  However, such barriers 

could be overcome by restaurants through the promotion of more appetizing and creative 

fruit and vegetable dishes, serving as default substitutes for high calorie meals (Anzman-

Frasca et al., 2014). Furthermore, 70% of parents would like restaurants to offer smaller-

size meal portions adapted to the needs of children because what is offered to them on 

children’s menus is not healthy in their opinion (Lee-Kwan et al., 2018). Thus, intervention 

efforts to increase the availability of healthier menu offerings for children would benefit 

both children’s health and catering sector profits (Lee-Kwan et al., 2018). 

3.2.2 Increase in consumers’ demand for specific food options: allergen-free meals 

The need for restaurant menu changes is particularly expressed by people with food 

allergies and intolerances. It has been estimated that 2-37% of European adults have 

allergies to any food, and 1-19% have allergies to specific foods (Lyons, 2019). For people 

suffering from gluten intolerance, for example, eating out is a real challenge as restaurants 

do not provide suitable offering or most gluten-free labelled options always contain 

detectable gluten traces and are not safe for their consumption (Lerner et al., 2019). 

Furthermore, customers with food allergies and intolerances report being very unsatisfied 

with the higher cost of restaurant adapted options (Newson et al., 2015). 

Most restaurants do not comply with customers’ demand for allergen-free meals since in 

most cases no suitable menu is available, insufficient information is provided on the menu 

(van Dam & Wiersma, 2013) and there is insufficient knowledge about the management of 

food allergies and intolerances among restaurant managers and their staff (Young & 

Thaivalappil, 2018). 
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However, even if compliance with EU Regulation No. 1169/2011 regarding the provision of 

allergen information on menus and increased offerings of allergen-free options may lead 

to additional costs for restaurants, allergic and intolerant consumers represent an 

emergent market with promising revenues for restaurants (Kronenberg, 2012). 

3.2.3 Increase in consumers’ demand for specific food options: vegetarian and vegan 

meals 

Vegetarian diets mostly include plant-based foods, such as fruits, vegetables, legumes, 

nuts, seeds, and grains, with some vegetarians also consuming eggs and dairy products. 

However, a vegan diet includes not consuming any products originating from animals such 

as meat, fish, crustaceans, molluscs, milk, eggs, and honey (Marsh et al., 2012). An 

international survey stated that 5% of Europeans were vegetarians and that 2% of 

Spaniards followed a vegetarian diet in 2018 (Van Gelder, 2018). However, vegetarian and 

vegan consumers face several difficulties when eating out such as the following: a) limited 

and uncreative meal options, b) knowledge gaps of the restaurant staff about suitable 

menu items to propose, c) no menu indications of vegetarian options or meals that could 

be adapted by changing ingredients, and d) the presence of traces or contamination in 

meals that were supposed to be meat free (Shani & DiPietro, 2007). 

Additionally, ethical, ecological and health-related reasons are involved in vegetarian and 

vegan food selections. For instance, the consumption of more fruits and vegetables in 

place of meat- and fish-based meals would make an important contribution to the 

sustainability of food production by reducing the greenhouse gas emissions, responsible 

for global warming, by 30% (Tilman & Clark, 2014). Furthermore, a plant-based diet has 

been demonstrated to positively impact people’s health by reducing the risk of NCDs, such 

as hypertension and cardiovascular disorders (Fraser et al., 2015). 

Thus, since interest in vegetarianism and veganism continues to increase and such dietary 

patterns have been shown to be healthy and beneficial in the prevention of certain 

diseases, the provision of adapted meals in restaurants and food services should be 

encouraged (American Dietetic Association, 2003). Furthermore, the availability of a menu  
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with vegetarian options has been demonstrated to increase the consumption of 

vegetarian meals by people who are not used to consuming vegetables (Campbell-Arvai et 

al., 2014). 

3.3 Evidence about the healthiness of restaurants and food service meals 

Previous nutritional assessments of restaurants’ meals were mainly focused on US chain 

restaurants (Bleich et al., 2020; Lesser et al., 2017), resulting in little data about European 

independent restaurants. Table 2 compiles data about cross-sectional studies on the 

nutritional assessment of chain and independent restaurants. 

Despite this, evidence from other countries such as Finland, Brazil, Ghana, India, and China 

suggests that meals offered in independent restaurants have very high caloric contents 

(Roberts et al., 2018). 

Even for meals labelled healthy, the sodium and fat contents are higher than the 

recommended limits because no standard guidelines have been defined for the healthy 

option label (Auchincloss et al., 2014). 

Furthermore, other studies on the meals offered in primary school canteens have been 

conducted; and the results showed that these lunches failed to meet the dietary 

guidelines for calories and nutrients as only 12.5% of the evaluated meals were adequate 

with respect to calories, 33.5% were adequate with respect to proteins, 11.9% were 

adequate with respect to carbohydrates and 57.1% were adequate with respect to lipids 

(Liz Martins et al., 2020). Similarly, another cross-sectional study in secondary school 

canteens showed the supply of poor nutritional quality products by canteens and reported 

that 52.8% of the analysed schools promoted unhealthy items on their menus, which were 

also significantly cheaper than healthier ones (Haynes et al., 2020). 

Additionally, in workplace canteens, meals included 50% of the daily recommended total 

fats, saturated fats, and sodium intake, highlighting a similar need for improvement 

(Jaworowska et al., 2018). 

UNIVERSITAT ROVIRA I VIRGILI 
RESTAURANT-BASED INTERVENTIONS: A NEW APPROACH TO PROMOTE HEALTHIER AND ALLERGY-ADAPTED MEALS 
Floriana Mandracchia 
 



47 of 226 
 

Hence, consumers are demanding that restaurants provide nutritional labels on menus, 

but there are several barriers restaurateurs face, such as the following: a) the 

responsibility of food quality assurance and the operational challenges derived from the 

creation of such labels, b) the maintenance of customer confidence and marketing 

integrity, c) the cost effectiveness and impacts on profits, d) the lack of nutritional 

expertise, and e) the possibility of making assessment mistakes (Almanza et al., 1997). 

However, updated nutritional assessments of out-of-home meals are required for dietary 

surveillance and monitoring (Lachat et al., 2012). In this sense, more practical support in 

the assessment of nutritional food analysis and in the provision of nutrition training to the 

staff by nutrition professionals to independent restaurants, are fundamental in 

encouraging food environment improvements and people’s health behaviour changes 

(Thomas, 2016). 
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3.4 Nutritional assessment tools and symbols to evaluate and identify healthy meals and 

food environments 

Several measurement tools have been developed for the nutritional assessment of meals 

and the evaluation of the food environment in providing healthy foods and influencing 

consumers’ choices. Known examples are the following: 

1. The Nutrition Environment Measures Study Restaurant assessment (NEMS-R) is an 

observation instrument designed in the US for restaurants and fast food restaurants to 

evaluate the relative healthiness of the foods and drinks available on restaurants’ menu 

and children’s menus; and it focuses on the availability of, facilitators of and barriers to 

healthy eating, pricing, and signage (Saelens et al., 2007). 

2. The Mediterranean diet criteria (AMed) of the Spanish Public Health Agency consist of 

9 mandatory and 8 optional criteria for restaurants to accomplish, to achieve official 

certification that guarantees a gastronomic menu offering based on the Mediterranean 

diet. In particular, the nine mandatory criteria are the following (Agencia de Salud Pública 

de Cataluña, 2007): 

a) olive oil for dressing and olive oil or high oleic sunflower oil for cooking; 

b) 25% of the first course offerings are vegetables or legumes; 

c) the presence of integral products; 

d) 50% of the second course offerings are based on fish, seafood and lean meat; 

e) 50% of the dessert offerings are based on fresh fruit; 

f) dairy desserts without added sugar; 

g) free nonbottled drinking water; 

h) the availability of alcohol in individual units; and 

i) culinary preparations that do not require the addition of large amounts of fat. 

UNIVERSITAT ROVIRA I VIRGILI 
RESTAURANT-BASED INTERVENTIONS: A NEW APPROACH TO PROMOTE HEALTHIER AND ALLERGY-ADAPTED MEALS 
Floriana Mandracchia 
 



52 of 226 
 

3. The Multiple Traffic-Light (MTL) labelling system, developed in the UK by the Food 

Standards Agency (FSA), labels nutrients using three colours according to their high (red), 

medium (orange) or good (green) content (Food Standards Agency et al., 2016). 

4. The Nutri-Score labelling model, adopted by France in 2017 and by Belgium in 2019, 

classifies foods according to their nutritional quality and labels them with five possible 

colours (dark green, light green, yellow, light orange and dark orange) corresponding to a 

letter (A, B, C, D and E, respectively), where letter A indicates the highest quality and letter 

E indicates the lowest quality (Julia & Hercberg, 2017). 

5. The NutrInform Battery, recently applied in Italy for packaged foods only, displays the 

percentages of the recommended daily intake of calories, fats, saturated fats, sugars and 

salt per portion using a battery (Mazzù et al., 2020). 

6. Healthier choice symbols include the “Nordic Keyhole” introduced by the Swedish 

National Food Agency in 1989, which was the first Front-Of-Pack (FOP) logo system to be 

implemented in the EU to identify healthier food products (with fewer and healthier fats, 

less sugar and salt, and more fibre and whole grains) (Swedish National Food Agency, 

2013); the "Heart symbol-better choice" introduced in 2000 in Finland and granted by the 

Finnish Heart and Diabetes Associations to identify nine main healthy food groups 

(Kinnunen, 2000); and the “Healthy Choice” logo (tick), owned by the Choices 

International Foundation and used in the Czech Republic, Poland and Germany (Choices 

International Foundation, 2020). 

3.5 Evidence regarding food allergen knowledge and management by restaurants 

Among restaurant staff, there is still a knowledge gap in the identification and 

management of the most common food allergens, as well as a poor attitude towards 

customers asking for more information (Loerbroks et al., 2019; Sogut et al., 2015; van Dam 

& Wiersma, 2013). 

For instance, in a US survey conducted in independent restaurants and fast food 

restaurants, 24% of the 100 interviewed restaurant staff personnel reported that  
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consuming a small amount of food allergen or removing an allergen from a finished meal 

is safe and that fryer heat could eliminate the food allergens present in meals (Ahuja & 

Sicherer, 2007). Similarly, in another survey in US fast food restaurants, none of the 

interviewed restaurant employees (n=187) were able to name all seven best practices for 

food allergen management, designed by the Food Allergy Research & Education (FARE) to 

prevent food allergy reactions in restaurants; and few participants knew to manage 

anaphylaxis by administering epinephrine and calling for emergency transport (16.6% of 

187 employees) (Dupuis et al., 2016). 

The lack of menu information is another important gap (Radke et al., 2016), and the ideal 

eating out experience for allergic consumers requires the provision of written allergen 

information together with proactive staff within an allergy-aware environment (Begen et 

al., 2018). 

To date, 21-31% of accidental allergen ingestion occurs in restaurants due to cross-

contamination or no information provision (Versluis et al., 2015). In a study on peanut and 

nut allergic reactions that occurred in restaurants, 22% of 106 reactions were caused by 

cross-contamination due to shared cooking and serving supplies; and 50% of these 

incidents were derived from hidden ingredients of sauces, dressings, etc. (Furlong et al., 

2001). 

Thus, evidence suggests the need for more training, education and increased awareness 

regarding how to manage food allergens among restaurant staff and managers and the 

need to provide more information to customers. 

In European countries, Regulation (EU) No. 1169/2011 established the obligation for food 

services to inform consumers about the presence of the 14 most common food allergens 

causing allergies and intolerances (The European Parliment and the Council of the 

European Union, 2011). 

In Catalonia (Spain), for instance, the Catalan celiac association has also provided eighteen 

recommendations for restaurants, known as the SMAP criteria, in order to obtain the 

official SMAP certification for gluten-free food preparation. SMAP recognition is intended 
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to encourage restaurateurs to implement correct practices for allergen-free cooking, avoid 

gluten cross-contamination, and guarantee safe meals to consumers (Associació Celíacs de 

Catalunya, 2014). 

Moreover, the Spanish federation of coeliac associations (FACE), which includes other 

associations present in the Spanish territory, in the framework of the “Gluten Free 

Restaurants Project” helps restaurants apply a standard protocol for the preparation of 

gluten-free meals and provides training to restaurant staff about allergen management to 

prevent potential cross-contamination and preserve consumers’ safety (Federación de 

Asociaciones de Celiacos de España (FACE), 2018). 

Likewise, the Food and Agriculture Organization of the United Nations (FAO) and the WHO 

developed the “code of practice on food allergen management for food business 

operators” as part of the Codex Alimentarius, with internationally recognised food 

standards and guidelines for food business operators to manage food allergens (World 

Health Organization and The Food and Agriculture Organization, 2020). Nevertheless, 

education programmes for food service staff must be promoted and implemented in every 

type of food establishment for the safety of allergic and intolerant consumers and to 

improve restaurant management of food allergens (National Academies of Science 

Engineering and Medicine; Health and Medicine Division; Food and Nutrition Board, 

2016). 

3.6 Effective strategies applied in restaurant-based interventions to promote healthier 

meals 

Although different restaurant- and food service-based interventions were designed to 

evaluate the change in consumers’ selections following the implementation of 

restaurants’ marketing and choice architecture actions, strong evidence regarding the 

most effective strategies is still scarce (Valdivia Espino et al., 2015). 

However, there are some strategies that have been identified to be effective: 

1. Menu labelling, including food information with the list of ingredients, was 

demonstrated to positively influence consumers’ healthy food choices at the point of 
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selection (Oliveira et al., 2018); and the inclusion of healthy symbols or logos on the menu 

could encourage the purchase of healthier options while symbolising the benefits coming 

from more nutritious meals (Sharma et al., 2011). 

2. Reduced portion sizes of meals were shown to be preferred by consumers when 

available in both restaurants and cafeterias to reduce the excessive caloric intake and 

plate waste (Berkowitz et al., 2016). 

3. Point-of-purchase messages, including table tents, posters and advertisements, have 

shown moderate effectiveness in improving restaurant food choices by increasing 

customers’ awareness of the availability of healthier menu items (Fitzgerald et al., 2004). 

4. Promotional marketing activities, such as community events and media advertising, 

were effective in the “TrEAT Yourself Well” Randomized Controlled Trial (RCT) study aimed 

to promote healthier menu items in US chain restaurants. This communication campaign 

increased the probability of customers purchasing healthier menu items by 3.7% by 

influencing consumers’ beliefs and attitudes towards healthier nutrition (Acharya et al., 

2006). 

5. The provision of nutritional information on a restaurant menu, increased availability of 

healthier food options, and training the restaurant staff on healthy nutritional concepts 

based on the Mediterranean diet model were demonstrated to improve restaurants’ 

healthy offerings and increase customers’ satisfaction (Tarro et al., 2017). 

However, since the majority of the existing interventions were mainly focused on fast food 

restaurants or restaurant chains, there is limited evidence on the effective strategies 

applied in independent restaurants (Lindberg et al., 2018), especially in the European 

context. Moreover, existing evidence reports different findings or limited effectiveness 

and weak study designs (Valdivia Espino et al., 2015). 

Thus, further research is needed to design the best restaurant-based intervention studies 

for the promotion of healthy eating habits, such as the Healthy Meals RCT, by considering 

restaurant barriers and factors influencing consumers’ out-of-home food choices 

(D’Addezio et al., 2014). 
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CHAPTER 4: THE “HEALTHY MEALS” RESTAURANT-BASED INTERVENTION STUDY 

4.1 Intervention design and implementation of the Healthy Meals RCT as part of the 

“PECT-TurisTIC en familia” European project 

To meet the request for more restaurant setting health promotion interventions, the 

Healthy Meals RCT was designed as part of a European funded project named PECT-

TurisTIC en Familia, aimed to improve familiar tourism in the province of Tarragona 

(Catalonia, Spain). The main objective was the promotion of healthier menu offerings 

addressed to each member of a family and better restaurant management of food 

allergens. 

The Healthy Meals study has been implemented for two years, but due to the SARS-CoV-2 

pandemic, intervention and data collection have been delayed. 

The Healthy Meals design was a randomized, parallel, and controlled study. Restaurants 

were randomized into intervention and control groups for the final evaluation of the 

intervention effectiveness.  The protocol was approved by the Ethics Committee of the 

Institut d’Investigació Sanitaria Pere Virgili (ref CEIM: 179/2018), and the trial was 

registered at the international registry of clinical trials (ClinicalTrials.gov) with the project 

identification code NCT03826576. 

The participants in the Healthy Meals study consisted of full-service restaurants located in 

the province of Tarragona (Catalonia, Spain) fulfilling specific inclusion criteria: a) willing to 

sign an informed consent form; b) full-service restaurants; c) possessing a minimum of 5 

tables for service; d) offering Mediterranean and traditional cuisine dishes; e) possessing 

dishes’ recipes, with ingredients and cooking details; and f) available to share food 

product information for the study research. 

Restaurant exclusion criteria were the following: a) being an ethnic restaurant, a fast food 

restaurant or a restaurant with a unique meal offering such as pizza, sushi, etc.; and b) 

lack of one of the abovementioned inclusion criteria. 
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The multicomponent intervention design was defined according to evidence-based 

effective strategies and demanded innovative technologies and considering the needs of 

the modern restaurant community. The multicomponent intervention consisted of five 

main actions (Figure 6): 

1. Analysis of the restaurant menu, including the assessment of the fulfilled AMed and 

SMAP criteria for Mediterranean diet adherence and allergen management, respectively. 

Moreover, meals’ nutritional content and identification of food allergens is conducted 

through a web app designed for the study. The app is able to calculate the nutrient 

content per meal serving in the form of a traffic light label according to the cut-offs of the 

UK Food Standards Agency (Food Standards Agency et al., 2016). 

2. Provision of appropriate training to the restaurant staff (cookers and waiters) 

regarding Mediterranean diet as a model of healthy nutritional patterns and food allergen 

management, provided to the intervention group only through digital and streaming 

course sessions. 

3. Improvement of the restaurant offerings according to the AMed criteria designed by 

the Spanish Public Health Agency (Agencia de Salud Pública de Cataluña, 2007) and 

according to the SMAP criteria proposed by the Catalan Celiac Association (Associació 

Celíacs de Catalunya, 2014) through tailored paper-based reports provided to the 

intervention group after attending the planned training. 

4. Communication of results to disseminate the importance of healthy nutrition and 

allergen prevention when eating out. 

The expected primary outcomes were the following: 

a) Increase in the number of AMed criteria for Mediterranean diet adherence and SMAP 

criteria for gluten management to be fulfilled by restaurants; 

b) Increase in the number of dishes with green ratings in the traffic light analysis as an 

indication of better nutritional quality; 
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c) Increase in menu offerings adapted for allergic and intolerant customers, as well as for 

vegetarians and vegans; and 

d) Changes in the nutritional content of the meals offered, including reductions in salt, 

saturated fat and sugar and an increase in the fibre content. 

Furthermore, expected secondary outcomes included the increase in the knowledge of 

the restaurant staff regarding healthy nutrition and food allergen management. 

Findings of the Healthy Meals RCT will provide more evidence regarding effective 

strategies to promote healthy nutrition and food allergen management in restaurant 

community settings through the use of modern innovative technologies such as eHealth 

and mHealth apps. 

Figure 6: Multicomponent study design of the Healthy Meals RCT.  

 

 

 

 

Source: designed by the author. 
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HYPOTHESIS 

The use of innovative strategies and the inclusion of digital technologies such as mobile 

and web apps in restaurant-based interventions could offer new opportunities to improve 

restaurant meal offerings and food allergen management. 

OBJECTIVES 

This thesis aims to provide evidence about the potential innovative strategies and 

technologies to be used in restaurant-based interventions to increase healthy meal 

offerings and food choices and improve restaurant food allergen management. In 

particular, the individual objectives are:  

Objective 1: To assess the Mediterranean diet adherence, healthiness, nutritional quality, 

and food allergen management of meals at restaurants in Tarragona Province (Catalonia, 

Spain) using a cross-sectional study. 

Objective 2: To elucidate the effectiveness of independent full-service restaurant- and 

canteen-based interventions targeting children, adolescents and adults in increasing the 

availability, purchase and intake of healthy meals using a systematic review and meta-

analysis. 

Objective 3: To assess the potential of self-monitoring mobile phone health (mHealth) 

apps to increase fruit and vegetable intake using a systematized review. 

Objective 4: To assess the food allergy or intolerance apps in app stores. The 

multidimensional Mobile App Rating Scale (MARS) was used to rate these apps’ objective 

and subjective quality and to identify critical points for future improvements using a 

systematic search and quality assessment. 

Objective 5: To describe the development of the Healthy Meals web app and evaluate its 

usability, quality, and validity according to a panel of restaurateurs and nutritionists. 
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METHODS AND RESULTS 

In these sections, the five studies conducted in the present thesis are presented: 

Study 1: Mandracchia, F., Llauradó, E., Valls, R. M., Tarro, L., & Solà, R. (2021). Evaluating 

Mediterranean Diet-Adherent, Healthy and Allergen-Free Meals Offered in Tarragona 

Province Restaurants (Catalonia, Spain): A Cross-Sectional Study. Nutrients, 13(7), 2464, 

Multidisciplinary Digital Publishing Institute, 2021. 

https://doi.org/https://doi.org/10.3390/nu13072464. 

Study 2: Mandracchia, F., Tarro, L., Llauradó, E., Valls, R. M., & Solà, R. (2021). 

Interventions to promote healthy meals in full-service restaurants and canteens: A 

systematic review and meta-analysis. Nutrients, 13(4), 1350, Multidisciplinary Digital 

Publishing Institute, 2021. https://doi.org/10.3390/nu13041350. 

Study 3: Mandracchia, F., Llauradó, E., Tarro, L., Del Bas, J. M., Valls, R. M., Pedret, A., 

Radeva, P., Arola, L., Solà, R., & Boqué, N. (2019). Potential use of mobile phone 

applications for self-monitoring and increasing daily fruit and vegetable consumption: A 

systematized review. Nutrients, 11(3), 686, Multidisciplinary Digital Publishing Institute, 

2019. https://doi.org/10.3390/nu11030686. 

Study 4: Mandracchia, F., Llauradó, E., Tarro, L., Valls, R. M., & Solà, R. (2020). Mobile 

phone apps for food allergies or intolerances in app stores: Systematic search and quality 

assessment using the mobile app rating scale (MARS). JMIR MHealth and UHealth, 8(9), 

e18339, JMIR Publications, 2020. https://doi.org/10.2196/18339. 

Study 5: Mandracchia, F., Tarro, L., Llauradó, E., Valls, R. M., & Solà, R. The “Healthy 

Meals” web app for the assessment of nutritional content and food allergens in restaurant 

meals: Development, evaluation and validation. (Editor submitted). 
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STUDY 1: 

Evaluating Mediterranean Diet-Adherent, Healthy 

and Allergen-Free Meals Offered in Tarragona 

Province Restaurants (Catalonia, Spain): A Cross-

Sectional Study. 
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STUDY 2: 

Interventions to Promote Healthy Meals in Full-

Service Restaurants and Canteens: A Systematic 

Review and Meta-Analysis. 
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STUDY 3: 

Potential use of mobile phone applications for self-

monitoring and increasing daily fruit and 

vegetable consumption: A systematized review. 
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STUDY 4: 

Mobile phone apps for food allergies or intolerances 

in app stores: Systematic search and quality 

assessment using the mobile app rating scale 

(MARS). 
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STUDY 5:  

The “Healthy Meals” web app for the assessment of 

nutritional content and food allergens in 

restaurant meals: Development, evaluation and 

validation. 

(Editor submitted) 
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ABSTRACT 

Background: The potential of web apps (eHealth) to improve the healthfulness and food 

allergen identification of meals in restaurants remains unknown. 

Objectives: The present study aimed to describe the development of the Healthy Meals 

web app and evaluate its usability, quality, and validity according to a panel of 

restaurateurs and nutritionists. 

Methods: The Healthy Meals web app was based on the nutritional content of restaurant 

meals assessed in the form of Multiple Traffic Light (MTL) labels and the detection of 14 

recognized food allergens. App evaluation included the following: 1) usability evaluation, 

by 6 restaurateurs and 10 nutritionists who entered a recipe sheet into the web app, and 

then completed the Computer System Usability Questionnaire (CSUQ), which assessed 

four factors (system, interface, information, and overall usability) with a maximum score 

of 7 points; 2) quality evaluation, by the same 10 nutritionists who performed the usability 

evaluation, and then completed the Mobile App Rating Scale (MARS), with a maximum 

score of 5 points in the following domains: (a) objective app quality (engagement, 

functionality, aesthetics, and information), (b) subjective app quality, and (c) user’s 

impacts on the app; 3) validation evaluation, according to the differences in nutrient 

contents between 2 different nutritionists who entered the same 10 recipe sheets into the 

web app. Reliability of the ratings was assessed by the Interclass Correlation Coefficient 

(ICC) to measure the replicability of ratings and was considered moderate (ICC 0.50 to 

0.75), good (ICC 0.75 to 0.90) or excellent (ICC >0.90). Furthermore, nutritionists and 

restaurateurs were asked two open-ended questions to identify critical points to improve. 

Results: Users agreed with the web app usability according to the CSUQ (mean 5.6/7 

points, SD 0.9), with moderate reliability among ratings (ICC=0.57; 95% CI, 0.18 to 0.82). 

Factors with lower scores were interface and information usability (mean 5.6/7 points, SD 

1.2; mean 5.5/7 points, SD 1.2, respectively). The web app showed good objective quality 

according to the MARS (mean 4.0/5 points, SD 0.4), with excellent reliability among 

nutritionists (ICC=0.91; 95% CI, 0.85 to 0.96). Sections with lower scores were 
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engagement, information and subjective quality (mean 3.4/5 points, SD 0.7; mean 3.9/5 

points, SD 0.6; mean 3.1/5, SD 0.4, respectively). For web app validation, no significant 

differences were observed between the two nutritionists’ data, with excellent reliability 

(ICC=0.98; 95% CI, 0.97 to 0.99). Regarding the points for improvement identified, users 

proposed ameliorating app data entry by improving the availability of the food database. 

Conclusions: The Healthy Meals web app was demonstrated to be usable, of good quality 

and a valid tool for the nutritional assessment and food allergen identification of dishes. 

Points to improve were identified, while the effectiveness of the app should be tested in 

scientific trials.  

Word account: 449/450 

Keywords: nutrition assessment; food allergy; food intolerance; allergens; mobile 

applications; mobile health; restaurants. 

 

Introduction 

The assessment of the nutritional contents of meals and the identification of food 

allergens is necessary to guarantee the availability of heathier meals and allergen-free 

dishes to consumers [1]. Nutritional information on the menus of food services and 

restaurants could help customers make healthier food choices while increasing their 

awareness about the nutritional composition of meals [2,3]. In particular, previous 

nutritional content assessments of restaurant and fast food offerings have pointed out the 

high energy content and poor nutritional quality of the offered dishes [4,5]. Thus, more 

support of restaurants is required for the establishment of healthier menus that are 

developed according to the recommended nutritional guidelines [6]. 

Nutritional content analysis and dietary intake assessment can be performed using 

different food composition databases [7,8], which are valid cost-effective alternatives to 

chemical analysis [9]. However, restaurateurs are demanding better digital tools that 

could provide more consistent nutritional data and related food information [10], 

including suitability for particular dietary patterns such as veganism/vegetarianism or the 
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presence of food allergens. In Europe, the vegetarian and vegan population is growing, 

and in Spain, the prevalence of vegetarians and vegans reached 1.5% and 0.5%, 

respectively, in 2019 [11]. Similarly, food allergen detection by restaurants represents 

another important assessment to allow for correct allergen management and the 

avoidance of severe reactions by consumers with allergies [12], whose incidence is 

growing worldwide [13]. 

Apart from the European Union (EU) legislative regulation that requires food producers to 

declare the 14 groups of foods recognized as allergenic, reliable methods are needed to 

help restaurants identify these food allergens in their menu offerings [14]. From recent 

surveys, it was found that restaurant managers and staff still have important gaps in food 

allergy knowledge, such as believing that consuming small amounts of allergenic food is 

not harmful for allergic people [15] or that removing the allergen from a finished meal 

provides a safe meal [16]. To fill this allergy knowledge gap, aside from ensuring adequate 

training to the staff with the support of health professionals [17], the US Food and Drug 

Administration (FDA) recommends that restaurants implement computer technology for 

the identification of food allergens present in menu items, which could also help cooks in 

the preparation of allergen-free meals [18,19]. 

Thus, eHealth technology in the form of a web app represents a potential strategy for food 

composition analysis and allergen identification due to its feasibility, accessibility [20], 

customization and engagement [21]. However, existing diet- and nutrition-related eHealth 

systems for nonprofessional use still lack data on validity and reliability [22]. 

The present study describes the development of the Healthy Meals web app with the 

proposal of 1) assessing the nutritional content of dishes according to the Guideline Daily 

Amounts (GDA) for food servings, expressed in the form of a Multiple Traffic Light (MTL) 

system label, and 2) detecting the presence of the 14 recognized food allergens in 

restaurant meals. 

In particular, the Healthy Meals web app could increase awareness of the nutritional 

composition of restaurant meals, encouraging the improvement of meal healthfulness and 

food allergen identification. 
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Thus, the present study aims to describe the following regarding the Healthy Meals web 

app: 1) its development and 2) its evaluation, including the assessment of usability, quality 

and validation. 

Methods  

The Healthy Meals web app was created in the framework of a European Union funded 

project, called PECT-TurisTIC in Family, for use in the Healthy Meals Randomized 

Controlled Trial (RCT), of which one of the aims was to improve the nutritional content 

and food allergen management of meals offered by full-service restaurants in the province 

of Tarragona (Catalonia, Spain). 

2.1 Development of the Healthy Meals web app 

The development of the Healthy Meals web app required 4 steps: 1) the analysis of the 

scientific evidence regarding food labeling systems providing nutritional information, 2) 

design of the web app interface and features, 3) development of the first prototype in the 

Spanish language, and 4) revision of the web app by researchers and developers to verify 

its functionalities and identify required adjustments. 

2.1.1 Development step 1: Analysis of the scientific evidence regarding food labeling 

systems providing nutritional information 

The first step of web app development consisted of a literature search to determine a 

more convenient and comprehensible labeling system to communicate the nutritional 

information of the assessed meals to restaurateurs. The MTL labeling system was 

identified as the most readable label for the interpretation of nutrient content [23]. Along 

with the need to facilitate the nutritional assessment of meals, restaurateurs need to 

facilitate the identification of food allergens [19], as well as suitable options for individuals 

with particular dietary patterns such as vegetarianism and veganism [24]. Thus, these 

features were then considered for the development of the web app. 

2.1.2 Development step 2:  Design of the web app 

For a single plate portion, the Healthy Meals web app requested the entry of the following 

data: 

1) name, description and photo (optional) of the plate, and 
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2) ingredients, selected from a food database together with their detailed information 

such as a) weight in kg/g/mg (net or brute); b) type of cooking (no cooking, fried, stir-fried, 

boiled, floured, battered), and according to the selected options, the web app calculates 

the percentage of oil/egg/flour absorbed during cooking based on the food net weight; 

and c) type of oil (olive, sunflower, palm) or flour (wheat, rice, oat, barley, rye, chickpeas, 

soy, corn) if required for cooking. 

From these data entered in the web app, the nutritional composition of the dish is shown 

in the form of a technical sheet (Figure 1), which summarizes the ingredients, weights, 

cooking methods, oil used, and whether the plate is a vegetarian/vegan option. 

Figure 1: Example of a technical sheet created by the Healthy Meals web app for a 

seafood paella recipe, per single portion serving. 

 

As shown in Figure 1, the web app generated a technical sheet for the seafood paella recipe (translated to 

English by researchers). Starting from the far-left column, the following information is provided: the list of 

ingredients, the ingredients’ weight, the type of cooking, the type of oil used, and the allergens within the dish. 

Furthermore, the web app identifies and indicates which of the 14 common allergens 

were certainly (red-marked) or potentially (orange-marked) present, according to the 

ingredients and the cooking method used (Figure 1). When appropriate measures have 

been taken to avoid allergen cross-contamination during meal preparation (for instance, if 

the cook has used a clean pan and oil for frying a food instead of using the common fryer), 
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the user could also deselect the orange-marked allergens that the web app had 

automatically indicated for precaution. 

From the nutrient content analysis, an MTL label including energy (Kcal), protein (g), 

carbohydrates (g), sugar (g), fat (g), saturated fat (g), sodium (mg) and fiber (g) content 

was created (Figure 2). In the MTL label, nutrient content is rated as one of three colors 

according to a) high (red-colored), b) medium (orange-colored) or c) low (green-colored) 

content, in agreement with the cutoff of the UK Food Standards Agency and the GDA for 

an adult’s healthy diet of 2000 Kcal recommended by the EU [25,26]. 

Specifically, a single plate portion was marked in green if it contained <7.5% of the GDA, 

orange when it contained between 7.5 and 20% of the GDA, and red when it contained 

>20% of the GDA. 

Figure 2: Example of the MTL label derived from the nutritional assessment of the seafood 

paella recipe generated by the Healthy Meals web app. 

 

As shown in Figure 2, using the Healthy Meals web app, an MTL label was created after entering data from the 

seafood paella recipe (translated to English by researchers). This MLT shows the content of energy in Kcal, 

protein in grams, carbohydrates in grams, sugar in grams, total fat in grams, saturated fat in grams, salt as 

sodium in milligrams, fiber in grams and the GDA for each nutrient as a percentage. Nutrients are classified into 

three color codes according to their high (red), medium (orange) or low (green) content. In the seafood paella 
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dish, energy, protein, carbohydrates, fat, saturated fat, and sodium are colored red, while sugar is green and 

fiber is yellow. Moreover, the Health Meals web app provided a summary of potential and certain allergens 

present in dishes in the box above the MTL. 

2.1.3 Development step 3: Healthy Meals web app prototype 

The Healthy Meals web app prototype was developed in cooperation with professional 

software developers. Data from different public food composition databases [27–31] and 

commercial food products were inserted into the Healthy Meals web app as a source of 

nutritional information for nutrient assessment and allergen identification. 

Additionally, the possibility of further inclusion of nutritional data was included, allowing 

for the update and enrichment of the food database by nutrition professionals and for the 

consideration of users’ requests, especially concerning food products not present yet in 

the database, such as specific commercial food brands. 

2.1.4 Development step 4: Revision of the Healthy Meals web app 

The initial prototype of the Healthy Meals web app was reviewed step by step by 

developers under the supervision of researchers to verify functionalities and detect points 

to be adjusted. Examples of data entry and nutritional calculations were performed to test 

the functionality of the web app and evaluate its design. 

2.2 Evaluation of the Healthy Meals web app  

The evaluation of the final prototype of the Healthy Meals web app included the 

assessment of 1) web app usability to assess the usability, functionalities and features; 2) 

web app quality to assess its objective and subjective quality; and 3) web app validation to 

measure the accuracy of recipe data entry (Figure 3). 

Figure 3: Description of the Healthy Meals web app evaluation process including usability, 

quality, and validation. 
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2.2.1 Evaluation of web app usability by restaurateurs and nutritionists 

For the web app usability evaluation, a minimum number of 16 users comprising 

restaurateurs and nutritionists were recruited as an appropriate sample for identifying 

web app usability problems, in line with Alroobaea et al. [32]. Users were asked to enter a 

recipe sheet into the web app with detailed information about the cooking steps and the 

ingredients and their quantities for one serving. Following the data entry of the recipe 

sheet, web app usability was evaluated through the CSUQ (version 3), which was validated 

in the Spanish language [33] and administered online. The CSUQ was derived from the 

Post-Study System Usability Questionnaire (PPSUQ), and its reliability and validity have 

previously been demonstrated [34]. The CSUQ consists of 16 items rated on a 7-point 

Likert scale: 1: strongly disagree, 2: disagree, 3: somewhat disagree, 4: neither disagree 

nor agree, 5: somewhat agree, 6: agree, and 7: strongly agree. 

The CSUQ evaluates four different factors: 1) the system’s usability (questions 1–6), 2) 

information quality related to the web app usability (questions 7–12), 3) interface quality 

including the set of features provided by the web app to users (questions 13–15), and 4) 

overall usability (question 16). 

Moreover, reliability among the 16 users evaluating web app usability was assessed to 

measure the replicability of their ratings and was considered a) moderate (Interclass 
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Correlation Coefficient (ICC) 0.50 to 0.75), b) good (ICC 0.75 to 0.90), or c) excellent (ICC 

>0.90) [35]. 

Moreover, to identify the web app’s points for improvement, users were asked two 

further questions in Spanish by researchers, and these results were expressed as 

percentages: 

1) Have you encountered difficulties entering the recipe data? If so, at what point? Please, 

select from the following options using a cross: a) Finding ingredients (the system does not 

work/lack of ingredient availability/lack of specific food brands/other problems), b) 

entering food weight (I do not know the exact weight/I know quantities in pieces or 

spoons or pinches/other problems), and c) selecting type of cooking (It is not 

available/there are more types of cooking/I use a different type of oil or flour or egg/other 

problems). 

2) Do you think the web app should be improved? If so, in which aspects? Please, select 

from the following options using a cross: a) Design, b) Functionality, c) Comprehensibility, 

d) Data entry, e) Data analysis, f) Data presentation, and g) User support. 

2.2.2 Evaluation of web app quality by nutritionists 

Web app quality evaluation was performed using the MARS tool among the same panel of 

10 nutritionists who also evaluated web app usability, since there is no evidence regarding 

the minimum sample size required for web app quality assessments. Nutritionists were 

recruited for the quality evaluation since they are confident and competent to verify app 

components such as the information content and functionalities [38]. Nutritionists were 

asked to enter a recipe sheet into the web app and to assess web app usability and web 

app quality through the MARS tool, which was provided online. 

The MARS consists of objective and subjective quality assessments and has been recently 

validated [36]. The objective quality comprises 4 sections with 19 total items. Specifically, 

the sections are 1) engagement, 2) functionality, 3) aesthetics, and 4) information. On the 

other hand, the subjective quality assessment comprised 4 items, with a total of 23 

questions about web app quality [37]. 
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Furthermore, to collect information about the perceived impact of the web app on the 

user, 6 items belonging to the optional app-specific MARS section were asked [37]. 

Each MARS item was scored on a 5-point scale: 1: inadequate, 2: poor, 3: acceptable, 4: 

good, and 5: excellent. Total mean scores were calculated for each section. In particular, 

regarding the objective quality sections, for the engagement section, the maximum score 

was 25 points; for the functionality section, it was 20 points; for the aesthetics section, it 

was 15 points; and for the information section, it was 35 points, for a total of 95 points. 

For subjective quality, the maximum score was 20 points, and for app-specific section, it 

was 30 points. 

Reliability among nutritionists evaluating the web app was assessed to measure the 

replicability of their ratings and was rated as moderate (ICC 0.50 to 0.75), good (ICC 0.75 

to 0.90), or excellent (ICC >0.90) [35]. 

2.2.3 Evaluation of web app validation by nutritionists 

Finally, the Healthy Meals web app was validated according to the accuracy of data entry 

by 2 different nutritionists who did not participate in the usability and quality assessment 

since there is no evidence about the minimum sample size required for web app 

validations. Furthermore, the Healthy Meals web app was validated by nutritionists 

because they are experts in the field of nutrition, which allows them to evaluate the 

appropriateness of the web app for providing nutritional content data [38]. Nutritionists 

were asked to enter the same 10 recipe sheets into the web app. From the resulting 

nutritional assessment, differences in nutrient contents expressed as the mean ± Standard 

Deviation (SD) were compared between the 2 nutritionists to evaluate web app validity. 

Reliability between the two nutritionists validating the web app was assessed to measure 

the replicability of their ratings and was rated as moderate (ICC 0.50 to 0.75), good (ICC 

0.75 to 0.90), or excellent (ICC >0.90) [35]. Furthermore, percent agreement was 

measured for the resulting MTL labels from nutritional composition analysis to evaluate 

the nutrient color rating agreement between nutritionists [39]. 

Statistical Analysis 
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Continuous variables are presented as the mean (SD), while categorical variables are 

presented as percentages. 

Interrater reliability (IRR) among nutritionists and restaurateurs evaluating and validating 

the web app was measured as percent agreement for categorical variables [39] and 

according to the ICC for continuous variables, with 95% confidence intervals based on 

mean rating (k=2), consistency and a two-way random-effects model [35]. 

Bonferroni tests were conducted to assess the differences among MARS sections and 

CSUQ factor scores. Student’s t-test or Mann-Whitney nonparametric test for 

independent samples was used for the assessment of data entry accuracy according to the 

difference among nutrient contents assessed by the two nutritionists in the validation 

phase. Statistical analysis was performed using SPSS software (version 25), and the 

significance level was fixed at P≤0.05. 

Results 

3.1 Evaluation of web app usability by nutritionists and restaurateurs 

Web app usability was evaluated using the CSUQ by 16 users (n=10 nutritionists and n=6 

restaurateurs). The mean total score (SD) for the four CSUQ factors assessed by the 16 

users was 5.6/7 points (SD 0.9), meaning that users found the web app usable (Table 1). 

However, reliability among users evaluating web app usability using the CSUQ was 

moderate (ICC=0.57; 95% CI, 0.18 to 0.82). 

For each of the four CSUQ factors, scores obtained by the 16 users were as follows (Table 

1): 

1) For the system usability factor (questions 1–6), the web app obtained a total mean 

score of 5.7/7 points (SD 1.0), which means that users agreed that the web app system 

was usable. Regarding each question item of the system usability factor, lower agreement 

scores were obtained for the agreement of users on the speed with which they could 

complete the activity (mean 5.5/7 points, SD 1.4) and become comfortable with its use 

(mean 5.5/7 points, SD 1.3 points). 
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2) For the information quality factor, related to web app usability (questions 7–12), users 

gave a total mean score of 5.5/7 points (SD 1.2). Regarding the single question items of 

the information quality factor, lower agreement scores were found regarding the 

provision of clear error messages to solve problems in the web app (mean 5.2/7 points, SD 

1.7), effective instructions to perform an activity (mean 5.2/7 points, SD 1.5), and the web 

app’s simple and fast problem solving (mean 5.4/7 points, SD 1.7). Despite these lower 

results, users’ responses were higher than half of the total points. 

3) For the interface quality factor (questions 13–15), the web app obtained a total mean 

score of 5.6/7 points (SD 1.2). Regarding the single question items of the interface quality 

factor, the lowest agreement score was regarding the statement that the web app had all 

the expected tools (mean 5.0/7 points, SD 1.6). 

4) Finally, regarding the overall usability factor in the context of the user’s satisfaction 

with the web app (question 16), the web app received a total mean score of 5.7/7 points 

(SD 1.4), which indicates that users agreed that they were satisfied overall with the web 

app. 

Regarding the differences in results between nutritionists and restaurateurs, nutritionists 

gave higher scores for the usability of the web app; however, the differences were not 

significant (P-value=.23) (Table 1). 

On the other hand, differences among the four CSUQ factors for the 16 users were 

statistically significant (Table 1). Specifically, the system usability and the overall usability 

factors were significantly higher with respect to the information quality (P-value=.01; P-

value=.02, respectively) and interface quality factors (P-value=.02; P-value=.00, 

respectively). Thus, the usability of the information provided by the web app, as well as 

the availability of the features accessible to the user, should be improved in the Healthy 

Meals web app to obtain higher CSUQ usability scores for information and interface 

factors. 

Table 1: Healthy Meals web app usability evaluation using the CSUQ. 
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CSUQ factors Totala 

Mean (SD) 

Total  

nutritionists 

Mean (SD) 

Total 

restaurateurs 

Mean (SD) 

System usabilityb, g 5.7 (1.0) 5.8 (0.7) 5.4 (1.4) 

Information qualityc, g 5.5 (1.2) 5.9 (0.9) 5.0 (1.5) 

Interface qualityd, g 5.6 (1.2) 5.9 (0.7) 5.1 (1.8) 

Overall usabilitye, g 

(User satisfaction) 

5.7 (1.4) 6.1 (0.6) 5.2 (2.1) 

Total CSUQ usabilityf 5.6 (0.9) 5.9 (0.1) 5.2 (0.2) 

a: Total mean (SD) for the 16 users, on 7 maximum points; b: Including 6 items scored on 7 maximum points; c: 

Including 6 items scored on 7 maximum points; d: Including 3 items scored on 7 maximum points; e: Including 1 

item scored on 7 maximum points; f: Total mean of CSUQ factors comprising system usability, information 

quality, interface quality and overall usability; g: Significant P-value <.05. 

Regarding the web app points for improvement and suggestions, two further questions 

were asked to the 16 users (n=10 nutritionists and n=6 restaurateurs) during the usability 

evaluation step (Table 2). 

In particular, most of the users (n=13/16, 81.3%) encountered difficulties entering the 

recipe data due to a) a lack of ingredient availability in the food database (n=10/12, 

83.3%), b) a lack of specific food product brands (n=3/12, 25%) or c) other unspecified 

problems (n=5/12, 41.7%) (Table 2). 

Furthermore, other participants encountered problems related to the entry of ingredients’ 

weights (n=7/12, 58.3%) because a) they did not know the exact weight of the ingredients 

(n=3/12, 25%) as in the case of seasonings, spices or salt, for instance, or b) they could not 

convert in gram weights expressed in the recipe sheet into household measures such as 

pieces, spoons or pinches (n=3/12, 25%) (Table 2). 

Difficulties were also experienced during the selection of the cooking methods due to a) 

the need to include more types of cooking for the same ingredient (n=6/9, 66.7%) or b) 

because a specific cooking method was not available (n=4/9, 44.4%) (Table 2). 
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Thus, all the responding users reported that the web app should be improved (n=14/14, 

87.5%), especially regarding where data entry is concerned (n=14/16, 87.5%) (Table 2). 

Table 2: Web app points for improvements identified by nutritionists and restaurateurs.  

 N=16 

% (n) 

Have you encountered difficulties entering 

the recipe data? 

Yes 

No 

 

 

81.3 (13) 

18.7 (3) 

if so, at what point?  

a) Finding ingredientsa 

The system does not work 

Lack of ingredient availability 

Lack of specific food brands 

Other problems 

Not answered 

 

 

0.0 (0) 

83.3 (10) 

25 (3) 

41.7 (5) 

25 (4) 

b) Entering food weighta  

I do not know the exact weight 

I know quantities in pieces or spoons or 

pinches 

Other problems 

Not answered 

 

25 (3) 

 

25 (3) 

58.3 (7) 

25 (4) 

c) Selecting type of cookinga  

It is not available 

There are more types of cooking 

I use a different type of oil or flour or egg 

Other problems 

Not answered 

 

44.4 (4) 

66.7 (6) 

11.1 (1) 

33.3 (3) 

43.8 (7) 

Do you think the web app should be  
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improved? 

Yes 

No 

Not answered 

 

87.5 (14) 

0.0 (0) 

12.5 (2) 

if so, in which aspects?  

Design 

Functionality 

Comprehensibility 

Data entry 

Data analysis 

Data presentation 

User support 

 

6.3 (1) 

0.0 (0) 

0.0 (0) 

87.5 (14) 

0.0 (0) 

0.0 (0) 

6.3 (1) 

a: Total percentage of respondents is higher than 100% due to the multiple-option responses. 

3.2 Evaluation of web app quality by nutritionists 

Web app quality was assessed by the same 10 nutritionists who evaluated web app 

usability. Nutritionists’ MARS evaluation of the web app objective quality resulted in a 

total mean score of 4.0/5 points (SD 0.4), which indicates a good evaluation of web app 

quality (Table 3). 

Reliability among the ten nutritionists evaluating web app quality through the MARS was 

excellent (ICC=0.91; 95% CI, 0.85 to 0.96). 

Specifically, regarding the four objective quality sections, good scores (≥4 points) were 

given to the web app’s functionality (mean 4.5/5 points, SD 0.6), aesthetics (mean 4.2/5 

points, SD 0.5), and information (mean 3.9/5 points, SD 0.6), while an acceptable 

evaluation (≥3 points) was given for engagement (mean 3.5/5 points, SD 0.7) (Table 3). 

The subjective quality section scored 3.1/5 points (SD 0.4), which represents an acceptable 

evaluation. On the other hand, the app-specific section related to the web app impact on 

the user obtained a mean score of 4.3/5 points (SD 0.7), representing a good evaluation 

(Table 3). 
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Differences among the MARS sections showed that the total objective quality and the 

aesthetics sections were significantly higher with respect to the engagement (P-value=.04; 

P-value=.04, respectively) and information sections (P-value=.02; P-value=.02, 

respectively), meaning that the web app should be improved in regard to the provision of 

information and the entertainment of the user. Moreover, web app functionality was 

significantly higher than that in the app-specific section (P-value=.02), and the total 

objective quality was higher than that in the subjective quality sections (P-value=.048) 

(Table 3). Thus, although the overall quality of the web app is good, the positive impact 

the web app gives to the user, as well as the subjective quality, should be improved, 

perhaps by enhancing the web app’s information and engagement sections. 

Table 3: Results from the nutritionists’ MARS evaluation of the Healthy Meals web app 

quality.  

MARS sections Totala 

Mean (SD) 

Engagementb 3.4 (0.7) 

Functionalityc, i 4.5 (0.6) 

Aestheticsd, i 4.2 (0.5) 

Informatione, i 3.9 (0.6) 

Total objective qualityf, i 4.0 (0.4) 

Subjective qualityg, i 3.1 (0.4) 

App specific sectionh 4.3 (0.7) 

a: Total mean (SD) score of the 10 nutritionists, on 5 maximum points; b: Including 5 items scored on 5 maximum 

points; c: Including 4 items scored on 5 maximum points; d: Including 3 items scored on 5 maximum points; e: 

Including 7 items scored on 5 maximum points; f: Sum of engagement +functionality +aesthetics +information 

sections, including 19 items scored on 5 maximum points; g: Including 4 items scored on 5 maximum points; h: 

Including 6 items scored on 5 maximum points; i: significant P-value <.05. 

3.3 Evaluation of web app validation by nutritionists 

Web app validity was assessed by two different nutritionists. After the entry of 10 recipe 

sheets by nutritionists, differences between nutritional contents were assessed according 

to nutrients’ mean values (Table 4). 
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No statistically significant difference was observed between the two nutritionists’ data 

(P>.05), indicating the validity of the nutritional content assessment of dishes (Table 4). 

Furthermore, the reliability between the 2 nutritionists was excellent (ICC=0.98; 95% CI, 

0.97 to 0.99). 

From the analysis of the MTL labels, the total percent agreement between the two 

nutritionists for the eight assessed nutrients was equal to 93.75%. A lower agreement in 

the MTL labels between the two nutritionists was found for fiber (80%), while for protein, 

sugar, and saturated fat, agreement reached 90%. MTL labels for energy, carbohydrates, 

total fat and sodium were equal between the two nutritionists. 

Table 4: Results from the nutritionists’ validation of the Healthy Meals web app.  

Nutrients Nutritionist 1 

Mean (SD)a 

Nutritionist 2 

Mean (SD)a 

P-valor 

Energy (kcal) 761.1 (564.9) 731.4 (570.7) .74b 

Proteins (g) 31.4 (22.1) 30.7 (23.8) .68b 

Carbohydrates (g) 50.9 (41.1) 52.7 (41.5) .92c 

Sugar (g) 9.5 (15.8) 10.2 (17.1) .68b 

Fats (g) 46.7 (56.6) 43.3 (57.0) .63b 

Saturated fats (g) 8.2 (6.2) 7.7 (6.0) .85c 

Sodium (mg) 706.8 (370.2) 955.1 (485.2) .21c 

Fiber (g) 6.1 (8.6) 5.7 (7.0) 1.00b 

a: Nutrients content differences between the two nutritionists are expressed in mean (SD); b: Mann-Whitney test 

for not normally distributed values; c: Student's t-test for normally distributed values.  

Discussion 

The usability and quality of the Healthy Meals web app was evaluated by a panel of 

nutritionists and restaurateurs and then validated by two different nutritionists, 
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confirming it to be a usable, high-quality, valid tool for restaurants to improve dishes’ 

nutritional content and identify food allergens in their menu. 

Evaluating the usability of apps is an essential step to determine the ease by which the 

app could be used to achieve a specific goal [40]. In this regard, it is important to evaluate 

the usability of a web app before it is released to a wider population, and the evaluation 

should be performed through appropriate and validated usability criteria [41], such as the 

CSUQ, which is a highly reliable and valid tool [34]. 

Specifically, in the present usability evaluation, nutritionists and restaurateurs agreed 

about the usability of the Healthy Meals web app (mean 5.6/7 points, SD 0.9) according to 

the CSUQ, meaning that a positive evaluation concerning user satisfaction was given about 

the usability of the four assessed factors, which are the web app system, interface, 

information and overall usability. Therefore, the Healthy Meals web app was 

demonstrated to be a simple and user-friendly tool that requires minimal effort from the 

users to conduct the expected activity [42]. Furthermore, the good usability of the Healthy 

Meals web app also represents its acceptability to users, who are more encouraged to use 

a tool that is easy to understand and use [41]. 

The moderate reliability observed in the usability evaluation among restaurateurs and 

nutritionists was due to lower ratings given by restaurateurs, who do not have experience 

performing nutritional compositional analysis and may need more time than nutritionists 

to become confident with it. However, as observed by Condrasky et al., in a nutrition 

knowledge survey, chefs are willing to acquire more competences regarding food 

composition and recipe modification principles to cook healthier meals for consumers 

[43]. However, to achieve this, chefs need appropriate education through innovative tools 

that fit with their busy schedule, such as digital tools [43]. Thus, the Healthy Meals clearly 

represents an opportunity for restaurateurs to learn more about food composition and 

increase cooking competences over time through the easy-to-read MTL label provided by 

the web app after the food composition analysis. Furthermore, in the present study, the 

interface and information usability were the CSUQ factors with lower scores. For instance, 

the provision of clear, easy, and concise instructions and information in the web app 
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interface to guide restaurateurs could increase the usability and confidence of 

restaurateurs with the Healthy Meals web app. 

Regarding the web app points for improvement identified through two open-ended 

questions during the usability evaluation, 81.3% of nutritionists and restaurateurs 

encountered difficulties during recipe sheet data entry. Some of the problems faced were 

related to the lack of ingredient availability in the food database. Gaps in food 

composition databases are due to the constant production of new food products 

according to the needs of consumers, so a steady effort must be made to update these 

food composition databases [44]. However, as the Healthy Meals web app has an open 

food ingredient database, ingredients could be easily introduced when requested by 

restaurants. Other encountered difficulties were related to the entering of the 

ingredients’ weights, with users not being able to estimate portions or convert household 

measures into grams. Accuracy in the estimation of portion sizes using hand or household 

measures is difficult and could be subjected to considerable errors [45]. A cross-sectional 

survey about adults’ perceptions of household measuring utensils demonstrated that 

perceived sizes of household measurements could be under- or overestimated by 

participants, leading to an incorrect evaluation of the ingredient’s weight [46]. In this 

regard, visual aids such as photographs or atlases for the identification of portion size 

ranges could be a valuable tool [47] to implement in the Healthy Meals web app. 

The quality evaluation of web apps is another important step to assess to ensure high-

quality content and functionalities for users, especially when these are related to health 

aspects, as in the case of the Healthy Meals web app. Actually, it is highly recommended 

to involve nutrition experts in the design and development of nutrition-based apps to 

safeguard users [49]. For this reason, the quality evaluation was assessed by a panel of 

nutrition professionals who were able to better verify the content and functionality of the 

web app and were more competent in regard to nutritional data. 

Specifically, the MARS total objective quality received a mean score of 4.0 (SD 0.4) of 5 

maximum points, which indicates a good quality evaluation of the Healthy Meals web app 
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by nutritionists. Furthermore, excellent reliability was observed, reinforcing the 

reproducibility of the results. 

In particular, the functionality and aesthetics MARS sections obtained the highest scores in 

the quality evaluation, meaning that the Healthy Meals web app appeared aesthetically 

pleasant and practical to nutritionists. This represents a favorable point for the Healthy 

Meals web app, since users generally tend to prefer apps that are enjoyable and have a 

positive visual impact [50] and good functionality to motivate use by people with little 

familiarity with technology [51]. 

Nonetheless, similar to what was observed in the usability evaluation, the engagement 

and information quality could be improved through the introduction of more ingredients 

in the food database, as well as through the provision of different cooking methods and 

aids in the entry of ingredient weights. Therefore, through the provision of more inputs, 

user engagement would also increase, resulting in long-term use and better experience of 

the web app [52]. 

Last, validation of eHealth app contents by health professionals is very important to 

ensure that the information generated by the app is valid and correct for use by end-users 

[53]. For instance, assessing the accuracy in data in the Healthy Meals web app by 

nutritionists, who are experts in food nutritional composition, helped us to demonstrate 

the appropriateness and relevance of the web app for wider population use, such as 

restaurateurs [38]. Furthermore, their participation throughout the entire process of the 

web app evaluation maximized the identification of the web app points for improvement 

by providing a more professional and qualified viewpoint [54]. 

Specifically, the results from the Healthy Meals web app validation showed that there 

were similar results between nutritionists entering the data, with 93.75% percent 

agreement in the MTL labels, meaning that the nutrient labels obtained from the two 

nutritionists were exactly the same for most of the assessed micro- and macronutrients. 

Excellent reliability values between nutritionists were observed, which further supports 

the replicability of their ratings. 
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Thus, the Healthy Meals web app represents a valid tool for restaurants to improve their 

offering of healthier meals, as well as for the identification of food allergens, for which 

restaurant staff still have many gaps [55,56]. 

Unlike the previous experimental apps and web apps for nutritional content assessment 

and food allergen identification, the Healthy Meals web app exhibits several differences, 

demonstrating it to be an innovative web app. For instance, the Foodtracker app was 

developed as a system for fast food recommendations to help consumers make their food 

choices by providing them with the caloric content of restaurant menu offerings in the 

form of an MTL label [57]. However, this system only focuses on nudging individual 

behavior dietary changes, not considering restaurateurs as the first step for enacting 

healthy changes, as does the Healthy Meals web app. On the other hand, leading 

nutrition-tracking apps aimed at assessing consumer nutritional intake underestimate 

nutrient contents, indicating that commercial apps still lack appropriate evaluation and 

validation [58]. 

Furthermore, the Healthy Meals web app represents an important food allergen database 

that could support restaurateurs in the preparation of allergen-adapted meals for allergic 

and intolerant consumers and in the identification of the 14 most common food allergens 

in menu offerings to communicate to customers. Thus, the Healthy Meals web app also 

presents several differences and advantages with respect to other existing technologies 

for food allergen detection. For instance, Lizuka et al.[59] developed a “Food Menu 

Selection Support” system, available from mobile and computer devices, to help users 

make safe food choices according to different dietary constraints (food allergies, dialysis, 

old age, recovery after hospital stay, etc.). This type of system considers individual 

personal information, which should be entered to create a user profile and generate a list 

of tailored food products and menus adapted for the user [59]. Similarly, the “Personal 

Mobile Restaurant” system was designed to approach the strict dietary needs of 

consumers, such as food allergies, health conditions, dislikes, diets, and religious or 

culture aspects, by identifying suitable restaurants and creating a personalized list of 

adapted meals to order [60]. However, these systems are centered only on consumers’ 

personal use and needs, rather than on both restaurateurs and consumers, and do not 
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integrate food allergen identification with nutritional content assessment, as does the 

Healthy Meals web app. Furthermore, the Healthy Meals web app has been evaluated and 

validated by a panel of nutrition professionals. 

Limitations 

Several limitations arose during the development and validation of the Healthy Meals web 

app. First, because of the COVID-19 pandemic, the participation of restaurants in the 

evaluation was limited due to the difficult situation of the catering sector and the lack of 

restaurant personnel. Second, the lack of similar web apps prevented the comparison of 

our web app with other existing apps and limited the availability of information about 

evaluation methods for this kind of web app. Finally, recipe sheets contained rough 

amounts of ingredients (spoons, glasses, pinches, etc.), so the lack of knowledge of users 

regarding the exact amounts may have limited the data entry and affected the nutritional 

analysis. 

Suggestions for future improvements  

According to the two open-ended questions asked to nutritionists and restaurateurs 

during the usability evaluation and personal suggestions received by some restaurateurs 

after participation in the web app evaluation, considerable suggestions for future 

improvements are provided. These future improvements will increase both usability and 

quality aspects assessed in the present study by nutritionists and restaurateurs. In 

particular, the next advances should include the following: 

1) Introduction of more cooking methods (i.e., grilled, roasted, preprocessed, precooked, 

etc.), with the possibility of inserting more cooking methods for the same ingredient. 

2) Addition of more household units of measurement for the ingredients (i.e., mL, pieces, 

spoons, pinches, etc.), to help users enter data of ingredient weights. For instance, the 

implementation of visual aids such as food portion photographs could help restaurateurs 

enter the correct weights when corresponding grams are unknown. 

3) Implementation of a food database with more product brands and varieties. 

4) Improvement of the overall data entry by improving the ingredient search. 

5) Creation of an observation field for additional comments about the recipe preparation 

or content. 
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6) Addition of new functionalities to help restaurateurs in the design of the menu, in the 

management of the warehouse, in the preparation of the food shopping list, etc. 

7) Inclusion of alerts to remind restaurateurs to insert any after-preparation dressing. 

Conclusion 

The Healthy Meals web app was demonstrated to be usable, of good quality and a valid 

tool for the nutritional assessment and food allergen identification of dishes. Points to 

improve were identified, while the effectiveness of the app should be tested in scientific 

trials.      
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GENERAL DISCUSSION 

The hypothesis of the present thesis is verified and suggests how to encourage healthier 

meal choices in restaurants. In this regard, the present thesis provides some specific 

effective intervention strategies and evidence regarding the use of innovative 

technologies in restaurant-based interventions for the promotion of healthier meals when 

eating out and for better management of food allergens by restaurants. 

At the outset of this thesis, there were no data on the nutritional content of local 

restaurants' meals or on the potential intervention strategies to improve healthy nutrition 

and good management of food allergens by restaurants. 

Following the results obtained, the present thesis produced five key findings (Figure 7): 

1. Provided tailored recommendations to restaurants to improve the nutritional content 

of their meals and food allergen management according to the assessed local restaurants’ 

current situation; 

2. Identified potential strategies present in the literature that can be applied in future 

interventions to improve healthy meal availability, purchase and intake in restaurants and 

canteens; 

3. Demonstrated that mobile apps (mHealth) could be effective tools in nutrition-based 

interventions, specifically to improve healthy food choices; 

4. Evaluated acceptable quality of the existing mobile apps for food allergies or 

intolerances and identified future points of improvement; and 

5. Proved the quality, usability and validity of the Healthy Meals web app designed for the 

project to help restaurateurs assess dishes’ nutritional content and the presence of food 

allergens. 
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Figure 7: Key findings and future perspectives for the improvement of the healthy meal 

offerings and food allergen management in restaurant-based interventions: studies 

included to tackle thesis-specific aims. 

 

 
 

Source: designed by the author. 
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One of the specific objectives of this thesis was to address the existing gap regarding the 

adherence to the Mediterranean diet, the healthiness of the gastronomic offerings 

provided by and the level of food allergen management of local independent restaurants 

in the province of Tarragona, in order to form restaurant-tailored recommendations for 

future improvements (Study 1: Mandracchia et al., 2021). 

Regarding the nutritional assessment of their menus, it emerged that independent 

restaurants did not entirely adhere to the healthy Mediterranean dietary pattern 

according to the fulfilled AMed criteria designed by the Spanish Public Health Agency 

(Agencia de Salud Pública de Cataluña, 2007). Moreover, the nutrient contents of the 

offered dishes exceeded the European Union (EU)-recommended Guideline Dietary 

Amounts (GDA) for single portions (Study 1: Mandracchia et al., 2021). 

Specifically, according to the GDAs, for a single portion, restaurant meals exceeded the 

recommended cut-offs. In particular, starters were high in calories, protein, fat, saturated 

fat and sodium; main dishes had high contents of calories, protein, fat, saturated fat and 

sodium; and desserts were high in sugar, fat and saturated fat. Additionally, a significant 

correlation was observed between the unfulfilled AMed criteria and the nutritional gaps 

determined in the nutritional content assessment of the offered dishes, demonstrating 

that further efforts should be made by restaurants to ensure that they adhere to the 

Mediterranean diet recommendations. Thus, a greater compliance with the AMed criteria 

would result in an increase in dishes with green ratings in the traffic light system, 

corresponding to a healthier offer. In this regard, from the identified needs of the 

analysed restaurants in the Healthy Meals cross-sectional study, detailed 

recommendations have been developed, specifically for restaurants in Tarragona Province 

to improve their gastronomic offerings in line with the Mediterranean diet (Study 1: 

Mandracchia et al., 2021) (Figure 8). 

Furthermore, the identification of the 14 food allergens present in the offered dishes of 

the menus of restaurants is still lacking (Borchgrevink et al., 2009). As observed from this 

thesis conducting cross-sectional analysis of the gastronomic offerings in Tarragona 

Province restaurants (Study 1: Mandracchia et al., 2021), only 29.5% of the restaurants 
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identified food allergens on their menu, showing that further efforts should be made to 

conform to EU legislation (The European Parliment and the Council of the European 

Union, 2011). 

Restaurants in the province of Tarragona offer different gluten-free options and fulfil 

several of the SMAP criteria defined by the Catalan Celiac Association (Associació Celíacs 

de Catalunya, 2014). The most fulfilled criteria were related to the use of different tools or 

non-cross-contaminated kitchen tools for the preparation of food without gluten and to 

the attention of the staff in cleaning the kitchen area and their hands before the 

preparation of gluten-free food. However, further efforts are necessary to improve the 

fulfilment of all 18 SMAP criteria; thus, specific recommendations were designed for 

restaurants on the basis of the cross-sectional analysis results (Study 1: Mandracchia et 

al., 2021) (Figure 8). 

Figure 8: Tailored recommendations to improve Mediterranean diet-adherent offerings 

and food allergen management in Tarragona Province restaurants. 

 

 

Furthermore, the scarce knowledge of restaurant staff about food allergen management 

obtained from our cross-sectional analysis in Tarragona Province (Study 1: Mandracchia et 

Source: designed by the author, adapted on Study 1 (Mandracchia et al., 2021) 
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al., 2021) supports the need to provide more appropriate training courses to restaurant 

waiters, cooks, and kitchen helpers through both theoretical notions and practical 

training, which have been demonstrated to be effective strategies in previous 

interventions (Roberts et al., 2018). 

Regarding the availability of meals suitable for vegetarian and vegan customers, 

restaurants still provide limited options, although the demand has increased in recent 

years and the vegetarian and vegan Spanish populations reached 1.5% and 0.5%, 

respectively, in 2019 (Medina, 2019). 

Thus, our results are in line with previous studies, demonstrating that the frequent 

consumption of out-of-home meals could lead to an unbalanced, unhealthy, and poor diet 

(Jia et al., 2018; Suggs et al., 2018; Zang et al., 2018). In particular, Spanish restaurant 

meals were high in calories, total fat, and sodium content and very low in dietary fibre, 

similar to what has been observed worldwide (Bleich et al., 2020; Ho et al., 2020; Muc et 

al., 2019; Murphy et al., 2020). 

In this sense, our results support recent evidence that indicates that Mediterranean 

countries differ from the Mediterranean dietary pattern due to modern lifestyles and 

socioeconomic conditions, although the Mediterranean diet has been associated with 

several health benefits (Cavaliere et al., 2018). 

The present thesis also intended to provide more data regarding the effectiveness of 

previous strategies applied in independent restaurant- and canteen-based interventions 

to promote healthy food availability, dietary intake and food purchase (Study 2: 

Mandracchia et al., 2021). The systematic review conducted in the present thesis (Figure 

7) showed that restaurant and canteen-based interventions could be effective in a) 

improving healthy food availability and b) increasing the consumption of whole grains, 

dairy products, and nutrients as fibre and decreasing the intake of fat and saturated fat, 

mainly in schools (Study 2: Mandracchia et al., 2021). 

Although there is a positive outcome of increasing healthy food availability and purchases, 

the difficulty in implementing such interventions in restaurants lies in the barriers 
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encountered by restaurateurs, identified in previous studies: a) the costs associated with 

the purchase of high-quality and healthy foods (Kim et al., 2017), b) the risk of a low profit 

margin (Boelsen-Robinson et al., 2019), and c) the lack of sufficient staff training and 

cooking skills to manipulate recipes (Obbagy et al., 2011). 

Nonetheless, the demand for better offerings is increasing among consumers who are 

unsatisfied with the current menu options available. Specifically, customers would like 

meals to be prepared with healthier cooking methods instead of fried foods, with fresher 

ingredients in place of frozen ingredients, and with more vegetable-based dishes to be 

available on weekdays and special occasions. According to these actual consumers’ needs, 

restaurants should try to overcome their barriers and meet the demand for heathier 

meals (Newson et al., 2015). 

Furthermore, as observed in the systematic review included in this thesis, in community-

based interventions (considering restaurant-based and canteen-based studies), the 

application of both consumer-based and establishment-based strategies seemed to 

improve customers’ healthy dietary intake and food purchases. Specifically, the strategies 

that were identified to be the most effective for achieving such outcomes include a) the 

delivery of promotional and educational materials in the form of leaflets, posters, 

manuals, or messages, as well as the organization of activities directed to the consumers; 

and b) the provision of monetary incentives, rewards or recognition for participating 

establishments such as restaurant, recreation centres, sporting clubs and after-school 

programme canteens (Study 2: Mandracchia et al., 2021). 

One of the potential strategies investigated during this thesis was the use of mobile and 

web apps in the context of restaurant-based interventions. Specifically, several research 

studies were conducted to deepen the understanding of the following: a) the 

effectiveness of mobile phone apps in dietary self-monitoring and in increasing the intake 

of fruits and/or vegetables (Study 3: Mandracchia et al., 2019); b) the quality of existing 

mobile phone apps for food allergies and intolerances (Study 4: Mandracchia et al., 2020); 

and c) the quality, usability and validity of a web app designed and developed in the 

framework of the Healthy Meals RCT to help restaurateurs ameliorate nutritional content 
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and identify the food allergens in offered dishes (Study 5: Mandracchia et al., editor 

submitted). 

The use of mobile apps has widely expanded in recent years, and those aimed at 

improving nutritional behaviours and nutrition‐related health outcomes, have confirmed 

their promising positive outcomes in different studies (Paramastri et al., 2020; Villinger et 

al., 2019). Specifically, apps focused on improving users’ motivation, attitude, knowledge, 

self-monitoring, and goal setting are particularly suited to promoting nutritional behaviour 

change (West et al., 2017). In particular, app features such as the sharing of the same 

motivation to achieve a healthier lifestyle by the targeted population, as well as the use of 

behavioural-based strategies such as personal feedback and remote support, are 

important drivers of the efficiency of the intervention and the acceptability of the app by 

the user (Study 3: Mandracchia et al., 2019). However, agreement regarding the 

effectiveness of apps in promoting healthy nutritional behaviours should come from 

appropriate testing in RCTs, and there is still limited data on the topic (Coughlin et al., 

2015; Schoeppe et al., 2016). 

Likely, as observed from the systematic search and quality assessment of apps for food 

allergies or intolerances (Study 4: Mandracchia et al., 2020), few commercial apps have 

been tested in RCTs, although it would be appropriate to test their effectiveness before 

presenting them to users, especially when addressing users’ health (Krebs & Duncan, 

2015). Evidence from RCTs is considered a gold standard approach, although it requires 

the use of more time and resources, but allows us to assess the effectiveness of the app 

compared with other methods (Jake-Schoffman et al., 2017). Therefore, in the meantime 

these apps’ efficacy would be tested in RCTs, their evaluation in terms of a) quality 

(Stoyanov et al., 2015), b) usability (Abrahão et al., 2008), and c) content validation from 

health professionals (Misra et al., 2013) represent fundamental steps to safeguard users’ 

health. 

To evaluate the quality of the app, the Mobile App Rating Scale (MARS) was used both in 

Study 4 (Mandracchia et al., 2020) and in Study 5 (Mandracchia et al., editor submitted). 

The MARS tool provides a multidimensional evaluation of app quality comprising 
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engagement, functionality, aesthetics, and information features (Stoyanov et al., 2015) 

whereas other existing tools mostly use one-dimensional measure (Aitken et al., 2013). 

Furthermore, the MARS tool has recently demonstrated high reliability and validity 

(Terhorst et al., 2020); and as shown by this thesis analysis experience, the MARS tool 

helps to provide accurate suggestions for future app improvements. 

According to the systematic search and quality assessment of existing mobile apps for 

food allergies or intolerances, acceptable quality by MARS was observed, although the 

engagement aspect should be ameliorated and testing in scientific trials is recommended 

to demonstrate the apps’ reliability and effectiveness (Study 4: Mandracchia et al., 2020). 

Furthermore, in Study 5 (Mandracchia et al., editor submitted) the MARS tool showed that 

the Healthy Meals web app possessed good quality on the basis of nutritionists’ 

evaluation. In particular, the functionality and aesthetics of the app received higher scores 

than those of the engagement and information sections, which should be ameliorated.  

Another necessary requisite to evaluate digital health apps is the usability of the app for 

users, which means simplifying the experience and requiring minimal effort to conduct the 

expected activity (Mathews et al., 2019). 

The Computer System Usability Questionnaire (CSUQ), previously validated and used in 

similar evaluations (Farzandipour et al., 2021; García-Peñalvo et al., 2019; Ledesma et al., 

2016), allowed us to assess different usability factors in Study 5 (Mandracchia et al., editor 

submitted) including the following: a) the system usability, representing the general ease 

of use of the app; b) the quality of the information provided in terms of availability, clarity 

and appropriateness; c) the interface quality, representing the set of features that the app 

provides to the users; and d) the overall app usability, representing the general 

satisfaction of the user about the app (Sauro & Lewis, 2016). 

From the usability evaluation performed in Study 5 (Mandracchia et al., editor submitted) 

among nutritionists and restaurateurs, the Healthy Meals web app demonstrated to be 

usable. However, interface quality related to the type and number of features provided by 

the web app, and information quality related to the presence of clear instructions and 
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messages for the user to realize the activity, are the CSUQ factors which should be 

improved. 

Furthermore, according to the web app points for improvements identified by nutritionists 

and restaurateurs through two more open questions provided during the usability 

evaluation, a lack of availability of nutritional information for some ingredients in the 

Healthy Meals database was reported (Study 5: Mandracchia et al., editor submitted). 

Gaps in food composition databases are due to the rapid introduction of new products in 

the market, based on emerging consumer needs; therefore, a constant effort must be 

made to update these food composition databases and make the different existing 

databases as homogeneous as possible (Ocké et al., 2021). 

Other app aspects to ameliorate were the provision of more units of measurement 

representing those used in households to help users enter ingredient weights when exact 

grams were unknown (Study 5: Mandracchia et al., editor submitted). As a result, the 

estimation of food quantities could be affected by under- or overestimation, leading to 

erroneous nutritional assessments (Gibson et al., 2016). 

Thus, the assessment of the usability of the Healthy Meals web app allowed us to 

determine future points for improvements (Study 5: Mandracchia et al., editor submitted) 

(Figure 9). 
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Figure 9: Points of future improvements to be implemented in the Healthy Meals web app 

(Study 5: Mandracchia et al., editor submitted). 

 

 

In addition to the evaluation of the quality of the app, the validation assessment measures 

the app’s ability to report valid and reliable information. For instance, assessing the 

accuracy and precision of an app when the app is used by different users is very important 

to ensure the usability of the device among the general population and to prove that the 

app could be used with a basic level of training provided to users (Franko, 2012). The 

validation of the Healthy Meals web app did not show significant differences between the 

data entry of nutritionists (Study 5: Mandracchia et al., editor submitted), with excellent 

reliability values among them, demonstrating that the web app could represent a valid 

tool. Specifically, this web app could help restaurants in the assessment of dishes' 

nutritional content and in the provision of food allergen information to customers on 

menus, and these demands are constantly increasing. Such information could drive 

consumers towards healthier menu choices and consequently guide them closer to a 

healthier lifestyle (Shah et al., 2014). 

Source: designed by the author. 
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Thus, the next steps will be aimed at improving the Healthy Meals web app following the 

results of the evaluation (Study 5: Mandracchia et al., editor submitted), in addition to its 

testing in the context of a high-quality RCT. 

In conclusion, future research will rely on the performance of a full-service restaurant-

based intervention, such as the Healthy Meals RCT, to evaluate the effectiveness of 

improving meals’ healthiness and food allergen management through the application of a 

multiple intervention comprising different steps: 

1. The analysis of the menu offerings in order to: a) evaluate the adherence to the healthy 

Mediterranean dietary pattern (Fundación Dieta Mediterránea, 2010), according to the 

fulfilment of the AMed criteria (Agencia de Salud Pública de Cataluña, 2007); b) assess 

meals’ nutritional contents through the specifically created Healthy Meals web app; and c) 

evaluate the fulfilled SMAP criteria for food allergen management (Associació Celíacs de 

Catalunya, 2014). 

The analysis of the menu offerings was effective in highlighting the healthiness, 

Mediterranean diet adherence and allergen management of the restaurants included in 

the cross-sectional study of the present thesis (Study 1: Mandracchia et al., 2021), 

demonstrating this to be a good intervention strategy for future studies. 

2. The provision of specific training courses to the restaurant staff comprising waiters and 

cooks on two important topics: a) the principles of the Mediterranean diet, since as 

observed by an earlier survey on the Spanish population, people still do not possess full 

knowledge regarding the composition of this diet and its benefits, and this may result in 

the poor adherence to this healthy dietary pattern (Posta, 2019); and b) food allergen 

management in kitchens and dining rooms, which personnel may report to have 

knowledge of but actually lack understanding and application (National Academies of 

Science Engineering and Medicine; Health and Medicine Division; et al., 2016). In this 

sense, the provision of appropriate training has been demonstrated in previous studies to 

improve restaurant staff knowledge and practice regarding food allergies, representing a 

promising strategy for future restaurant-based interventions (Bailey et al., 2014; Tarro et 

al., 2017). 
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3. The provision of tailored reports about Mediterranean diet adherence and food 

allergen management could help to increase restaurant awareness and encourage 

restaurant self-improvement (De Vries et al., 2008); furthermore, the identification of the 

allergens present in the offered dishes and suitable options for vegetarian and vegan 

dietary patterns could safeguard customers when making food choices outside the home 

(Young & Thaivalappil, 2018). 

4. The provision of tailored recommendations for restaurants that need to be supported 

in their improved provision of healthier meals and options adapted for allergic and 

intolerant consumers on their menus (Obbagy et al., 2011), as well as the spreading of the 

intervention results for future evidence-based actions (Brunner et al., 2001). 
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CONCLUSIONS 

Study 1: Restaurants partially met the AMed and SMAP criteria, demonstrating that 

further efforts are needed to improve Mediterranean diet-adherent menu offerings and 

food allergen management. Increasing fibre and decreasing saturated fat are necessary to 

improve the nutritional content of restaurant meals and consequently consumers’ 

adherence to a healthy diet. Additionally, for restaurant staff, training courses should be 

considered as a way to reinforce adequate food allergen management in restaurants. 

Study 2: Restaurant- and canteen-based interventions improved the dietary intake of 

healthy foods, reduced fat intake, and increased the availability of healthy menus, mainly 

in schools. However, higher-quality RCTs are needed to strengthen these results. 

Moreover, from our results, intervention strategy recommendations are provided. 

Study 3:  The present review demonstrates that mHealth app-based interventions, lasting 

from two to nine months and characterized by a stratified population that shares the 

same motivation to achieve better dietary habits, are effective in increasing fruit and 

vegetable consumption. Furthermore, the inclusion of behavioural change techniques, 

such as dietary feedback together with self-monitoring and remote coaching support, has 

been identified as a key element that can definitively facilitate the adoption of new 

dietary habits. This issue strongly suggests that behavioural theory-based strategies must 

be considered when designing dietary mHealth interventions. Further research on 

mHealth apps is needed to design more effective interventions and to determine their 

efficacy over the long term. 

Study 4: Food allergy or intolerance apps showed acceptable MARS quality (≥3 points of 

5), although the engagement section for food product and restaurant purpose apps should 

be improved, and the effectiveness of the applications has yet to be tested in trials. The 

critical points identified can help improve the innovativeness and applicability of future 

food allergy and intolerance apps. 

Study 5: The Healthy Meals web app was demonstrated to be usable, of good quality and 

a valid tool for the nutritional assessment and food allergen identification of dishes. Points 
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to improve were identified, while the effectiveness of the app should be tested in 

scientific trials.  
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OVERALL CONCLUSION 

In conclusion, innovative strategies have been identified and evaluated, obtaining tailored 

recommendations for restaurants to improve the healthiness and the Mediterranean diet-

adherent offering of their menus and to ameliorate allergen management. 

Regarding the inclusion of digital technologies, mHealth and eHealth technologies have 

been demonstrated to be innovative strategies that can be included in restaurant-based 

interventions. Existing apps for food allergies or intolerances have shown acceptable 

quality. Additionally, the Healthy Meals web app has proven its usability, quality, and 

validity to help restaurateurs assess dish nutritional content and the presence of food 

allergens. 
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