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PREFACE 
 

“An ounce of prevention is worth a pound of cure.” 
Benjamin Franklin 

 
            Soon after graduating as a pharmacist, being aware of the misconduct in 
some sectors of the pharmaceutical industry and having witnessed the large 
number of patients taking drugs to manage chronic conditions that are 
preventable, I knew that I wanted to explore a new healthcare field. Although I 
initially had a very strong and specific interest in the influence of diet on health, 
doing my PhD in the Department of Preventive Medicine and Public Health at 
the University of Navarra (2017-2021) opened my eyes to a whole new world. 
Discovering the field of public health has been truly enriching and stimulating. 
It has been a unique opportunity to find a path towards practising a profession 
driven by curiosity and guided by integrity, staying true to ethical values. This 
experience has also given me a greater appreciation for the health relevance of 
non-biomedical approaches, has allowed me to reflect on the influence of social 
norms and to develop greater awareness and empathy for different realities and 
perspectives of the same situation.  

 
            As Dr. David Ludwig wrote in a JAMA viewpoint article: “Obesity and 
poor-quality diet predispose to all of the major chronic diseases, but these risks 
have been mitigated over the past few decades by an increasingly powerful and 
expensive array of treatments. To delay disease progression, millions of 
individuals in the United States depend on medications to lower levels of 
cholesterol, blood pressure, and blood glucose; surgical procedures to open or 
bypass blocked arteries; and dialysis.” This situation is alarmingly similar in 
Spain as well as in an increasing high number of countries, and reflects that 
pharmaceutical companies and clinicians are doing an excellent job solving the 
problems that the public health field does not manage to prevent. In the bigger 
picture, we are not doing what it takes to maximize our health as a society. 

 
            Quoting Albert Einstein: “Intellectuals solve problems; geniuses prevent 
them”. Public health strategies may sound less glamorous but are often much 
more efficient and equitable than pharmaceutical or technological individual 
approaches. Public health professionals could have anticipated the current 
situation by acting over upstream determinants, including social, political and 
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behavioural aspects that configure our present situation. The alarming rise of 
diet-related chronic diseases is a manifestation of a cultural and economic system 
that currently prioritizes wealth over health, meaning that many key problems 
and solutions actually lie outside the health sector. This viewpoint is effectively 
conveyed by a story told by Irving Zola that was used in the article “A Case for 
Refocusing Upstream: The Political Economy of Illness” by John B. McKinlay: 
 
"I am standing by the shore of a swiftly flowing river and hear the cry of a drowning 
man. I jump into the cold waters. I fight against the strong current and force my way to 
the struggling man. I hold on hard and gradually pull him to shore. I lay him out on the 
bank and revive him with artificial respiration. 
Just when he begins to breathe, I hear another cry for help. 
I jump into the cold waters. I fight against the strong current, and swim forcefully to the 
struggling woman. I grab hold and gradually pull her to shore. I lift her out on the bank 
beside the man and work to revive her with artificial respiration. 
Just when she begins to breathe, I hear another cry for help. 
I jump into the cold waters. Fighting again against the strong current, I force my way to 
the struggling man. I am getting tired, so with great effort I eventually pull him to shore. 
I lay him out on the bank and try to revive him with artificial respiration. 
Just when he begins to breathe, I hear another cry for help. 
Near exhaustion, it occurs to me that I'm so busy jumping in, pulling them to shore 
and applying artificial respiration that I have no time to see who is upstream 
pushing them all in..." 
 

           This story, which I first heard during a Preventive Medicine lecture taught 
by my co-supervisor Professor Miguel Ángel Martínez González, really stuck with 
me throughout my PhD journey and made me think beyond individual behaviour. 
While the initial focus of my thesis was on obesity and nutritional epidemiology 
(dietary pattern analysis), which represent the basis of public health guidelines 
and recommendations, I became increasingly aware of the sociocultural and 
environmental influences when it comes to adopting dietary advice. After learning 
about INFORMAS (International Network for Food and Obesity / Non-
communicable Diseases Research, Monitoring and Action Support) and the project 
‘Inside Our Supermarkets’ in the 2018 European Congress on Obesity, I saw this 
type of stakeholder-relevant research approach as an important complementary 
perspective to the original focus of my thesis. The ‘Inside Our Supermarkets’ 
annual reports benchmark supermarkets against their policies and commitments 
related to obesity prevention and against their competitors, which can facilitate an 
environment where supermarkets strive to increase their commitment to promote 
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healthier foods. My interest for this topic led me to successfully apply for funding 
from the Regional Government of Navarra to undertake a predoctoral research 
stay at the Global Obesity Centre at Deakin University. 
 
             Dietary guidelines and recommendations alone have proven inefficient 
and insufficient to reduce consumption of unhealthy foods at the population level, 
as they place responsibility on individuals and silence the role of the social, 
environmental and commercial determinants of health. Therefore, in order to 
improve the diet-related global burden of disease, it is also vital to work towards 
the adoption of food policy strategies and stakeholder initiatives that create public 
and private settings in which incentives drive the consumption and demand of the 
healthiest options. Besides the importance of implementing food policies such as 
front-of-pack nutrition labelling, all food system actors, including food retailers 
like supermarkets, play a crucial role in shifting social norms and developing food 
environments that promote healthier diets.  
 
             Accordingly, this thesis contributes to the body of evidence about food-
based dietary patterns and the risk of overweight and obesity, as well as about the 
health relevance of developing a front-of-pack nutrition label based on the nutrient 
profile system underpinning the Nutri-Score in the Spanish context. Moreover, it 
sheds some light on the level of public support for healthy product placement 
initiatives in supermarkets in Australia, Canada, Mexico, the United Kingdom and 
the United States. 
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1. INTRODUCTION 
 

The etymology of «epidemiology» comes from the Greek words epi (upon) 
demos (people) and logos (study). A common definition of epidemiology that 
provides a description of the content of the discipline and the purpose for which 
epidemiologic investigations are carried out is “the study of the distribution and 
determinants of health-related states or events in specified populations, and the 
application of this study to the control of health problems” [1]. 
 

The premise underlying epidemiology is that disease and ill health are not 
randomly distributed in human populations. Rather, each of us has certain 
characteristics that predispose us to, or protect us against, a variety of different 
diseases. These characteristics may be primarily genetic or non-modifiable in 
origin or may be the result of exposure to certain modifiable hazards. Most often, 
it is an interaction of both that contributes to the development of disease [2]. 
 

1.1. Risk factors for premature mortality 
 

The Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 
provides a framework to understand both the trends in risk exposure and the 
trends in burden of disease (i.e., impact of mortality and disability related to 
specific disease in a given population) attributable to risk factors. This 
information is crucial for identifying factors that can be modified in order to 
contribute to disease prevention. Modifiable risk factors can be of different 
nature: environmental, occupational, behavioural, and metabolic. 
 

As shown in Table 1, the latest GBD study [3] found that the largest 
declines in risk exposures and their associated burden during the last decade 
were primarily among environmental and occupational risks that are strongly 
linked to social and economic development, including household air pollution; 
unsafe water, sanitation, and handwashing. On the other hand, largest increases 
in risk exposure were for behavioural and metabolic risks like drug use, high 
systolic blood pressure, high fasting plasma glucose, and high body-mass index. 
The burden associated with each risk factor is measured in disability adjusted life 
years (DALYs), which reflect the years of life lost due to premature mortality and 
the years lost due to disability. 
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Table 1. Leading risks by attributable DALYS (disability-adjusted life years). 

Leading 10 risks 1990 DALYS (%) Leading 10 risks 2019 DALYS (%) 

1. Child wasting 11.4  (9.5 to 13.6) 1. High systolic blood pressure 9.3 (8.2 to 10.5) 

2. Low birthweight 10.6 (9.9 to 11.4) 2. Smoking 7.9 (7.2 to 8.6) 

3. Short gestation 8.7 (8.1 to 9.5) 3. High fasting plasma glucose 6.8 (5.8 to 8.0) 

4. Household air pollution 8.0 (6.2 to 10.0) 4. Low birthweight 6.3 (5.5 to 7.3) 

5. Smoking 6.2 (5.8 to 6.6) 5. High body mass index 6.3 (4.2 to 8.6) 

6. Unsafe water 6.2 (4.7 to 7.6) 6. Short gestation 5.5 (4.7 to 6.3) 

7. High systolic blood pressure 5.9 (5.3 to 6.5) 7. Ambient particulate matter 4.7 (3.8 to 5.5) 

8. Child underweight 4.9 (3.9 to 6.3) 8. High LDL cholesterol  3.9 (3.2 to 4.7) 

9. Unsafe sanitation 4.6 (3.7 to 5.6) 9. Alcohol use 3.7 (3.3 to 4.1) 

10. Handwashing 3.2 (2.3 to 4.0) 10. Household air pollution 3.6 (2.7 to 4.6) 

Environmental and occupational risks Behavioural risks Metabolic risks 

Adapted from GBD 2019 Risk Factors Collaborators. Lancet 2020 [3]. 

 
Similarly, 2017-2040 health forecasts indicate that, with increasing 

socioeconomic development, many countries could continue experiencing rising 
metabolic and behavioural risks, including high body-mass index, dietary risks, 
alcohol, and smoking [4]. High systolic blood pressure and high fasting plasma 
glucose have also been projected to increase. By contrast, continued decreases 
can be expected in risks that generally improve alongside increasing 
development (e.g., low birthweight, child malnutrition, household air pollution, 
unsafe water and sanitation). The differences between better health and worse 
health scenarios projected for 2040 are substantial, emphasizing that the 
reference forecast is not unavoidable and thus policy choices in the coming years 
can profoundly affect each country’s future health trajectories. This changing 
trend in risk exposures has translated into a rapid shift in disease burden. Since 
1990, the health loss has shifted towards a growing burden from non-
communicable diseases (NCDs) and away from communicable, maternal, 
neonatal, and nutritional deficiency diseases.  
 

Therefore, for most countries, it has been estimated that prioritizing NCDs 
and NCD-related metabolic and behavioural risks in health planning and 
investment decisions has the potential to markedly reduce premature mortality 
by 2040 [4]. If such modifiable risks are prioritized and tackled now, there is an 
opportunity to reduce avoidable mortality in the future. 
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1.1.1. High body-mass index 
 

Body mass index (BMI), formerly known as the Quetelet index, was 
proposed by the Belgian scientist Adolphe Quetelet during the 19th century as a 
risk indicator of disease based on data from the Seven Countries study [5]. BMI 
is calculated as a person’s weight in kilograms divided by the square of the height 
in metres (kg/m2), and it is used to define categories of nutritional status 
reflecting an increasing risk of developing weight-related health problems:  
 

Table 2. The World Health Organization International Classification 
of adult underweight, overweight and obesity. 

Body Mass Index (kg/m2) Nutritional status 
Below 18.5 Underweight 

18.5–24.9 Normal weight 
25.0–29.9 Overweight 
30.0–34.9 Obesity class I 
35.0–39.9 Obesity class II 

Above 40 Obesity class III 

 
These BMI ranges serve as a good proxy for adiposity and excessive body 

fat. Accordingly, high BMI (i.e., BMI ≥ 25 kg/m2) can be defined as an abnormal 
or excessive fat accumulation that may impair health [6]. BMI is the most 
commonly used tool in epidemiologic studies as it is very easy to measure and 
calculate, so it provides the most practical population-level measure of 
overweight and obesity in large-scale epidemiological studies. Nevertheless, BMI 
also has a number of limitations, especially at the individual level, because it 
cannot discriminate fat mass and lean body mass [7]. 
 

High BMI is one of the key global risk factors contributing to millions of 
deaths every year, and is now one of the largest contributors to poor health in 
most countries [3, 8, 9]. From 1990 through 2015, there was a relative increase of 
28.3% in the global rate of deaths related to high BMI [8]. In 2016, more than 1.9 
billion adults aged 18 years and older (39% of the world's adult population) were 
classified as overweight [6]. If recent trends continue, having a high BMI is not 
far from becoming the norm worldwide. In fact, it has been estimated that, by 
2030, more than 50% of the world's adult population [10] and around 70% of the 
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Spanish adult population [11] could have a high BMI, leading to a highly adverse 
economic and societal impact.  

 
Overweight and obesity are important risk factors in the development of 

increasingly prevalent chronic diseases or NCDs, including cardiovascular 
diseases, type 2 diabetes, and certain cancers [12]. The proposed mechanisms 
include the development of dyslipidemia and insulin resistance, enhanced 
secretion of proinflammatory cytokines and overactivation of the sympathetic 
nervous system [13]. Abnormal mechanical stress also leads to functional 
disability and sleep-related breathing disorders, negatively impacting overall 
quality of life [13]. Evidence related to the current COVID-19 pandemic 
suggests that obesity is also associated with increased risk of more severe 
illness and serious complications [14] . 
 

Together with high blood pressure and high blood sugar, a high BMI has 
been identified as one of the modifiable factors currently causing the greatest 
burden of disease [3]. All the aforementioned diseases and risk factors share 
dietary exposures as a common determinant [12], which, in turn, is itself a major 
behavioural risk factor [15]. In this context, while acknowledging that multiple 
factors acting at different scales (individual, environmental and socio-cultural) 
may be contributing to overweight and obesity [16], it is a global priority to find 
effective prevention strategies through improvements in diet quality. 
 

Figure 1. Percentage of adults classified as having a body-mass index ≥ 25 kg/m2, 2016. 
Source: OurWorldInData.org/obesity (data from WHO, Global Health Observatory). 
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1.1.2. Dietary risks 
 

Over the last centuries, there have been profound dietary changes linked 
to the context of urbanization, economic development, globalization, and related 
phenomena [17]. The commonly named nutrition transition is characterized by 
shifts in consumer preferences and purchases towards less nutritious, more 
convenient diets [18, 19]. To date, the consumption of unhealthy foods has 
outpaced the consumption of healthy foods in most regions of the world [20]. 
This implies that nowadays many diets are low in fruits, vegetables, whole 
grains, nuts, legumes and foods rich in total polyunsaturated fatty acids, omega-
three fatty acids, and dietary fibre, and are increasingly high in unprocessed red 
meats, processed meats (cured and salted) and highly processed foods such as 
sugar-sweetened beverages, sweet dairy products, sugary cereals and pre-
cooked meals. These highly processed foods are characterized by being industrial 
formulations made mostly or entirely from substances derived from foods and 
additives, with little, if any, intact whole food, which typically result in high 
energy-dense products containing high amounts of sugar, sodium and 
hydrogenated fats, and low amounts of dietary fibre and protein [21]. Most 
worryingly, these highly processed foods tend to displace the consumption of 
whole and minimally processed foods [21]. 

Figure 2. Leading 20 risk factors contributing to the global difference in risk-attributable 
YLLs between the 2040 reference forecast, better health scenario, and worse health scenario. 
YLLs=years of life lost. 
Source: Foreman KJ et al, Lancet 2018 [4]. 
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The dietary trends described above are consistent with a modelling study 
forecasting alternative health scenarios for years of life lost (YLLs), life 
expectancy and all-cause and cause-specific mortality for 2017–2040 in 195 
countries and territories [4]. As shown in Figure 2, there are several dietary risk 
factors (including high sodium and low whole grains, fruits, vegetables, nuts and 
seeds, legumes, fibre and omega-3) among the leading 20 risk factors 
contributing to the global difference in risk-attributable YLLs between the 2040 
reference forecast, better health scenario, and worse health scenario. This implies 
that efforts and progress in reducing risk for drivers of premature mortality such 
as dietary risks could counteract projected adverse trends.  

 

1.2. Diet-related approaches for primary prevention 
of overweight/obesity and premature mortality 

 
In “Sick individuals and sick populations” [22], Geoffrey Rose describes 

two kind of aetiological questions corresponding to two different prevention 
strategies. The first looks into the causes of cases, and the second into the causes 
of incidence. ‘Why do some individuals gain more weight gain?’ is a quite 
different question from ‘Why do some populations have much higher BMI?’. 
Answering the first question requires a preventive strategy that seeks to identify 
high-risk susceptible individuals and to offer them some individual protection. 
In contrast, the population-based strategy seeks to control the determinants of 
incidence in the population as a whole by lowering the mean level of a risk factor 
and shifting to the left the whole risk distribution. Rose argued that a greater 
overall benefit would be achieved by modest reductions in risk in many people 
than by large reductions in just a few people who are at an extremely high risk.  
 

Given the widespread exposure of dietary risks and the evidence 
supporting the adoption of healthy diets as a primary prevention strategy to 
avoid the development of chronic diseases [23], population-based approaches 
seem the most appropriate way to tackle diet-related risk factors and diseases. 
Such approaches may not be entirely without harm as not everyone in a 
population needs to reduce weight or adopt a healthier diet but, given the small 
expected change at an individual level, population interventions are generally 
considered safe [24]. However, not all population approaches targeting dietary 
habits are equally effective and equitable [25]. For example, population 
approaches that focus on providing information and advice are unlikely to 
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achieve their full potential in isolation as they rely heavily on individuals 
engaging with such guidance. These types of interventions have been described 
as “agentic”: recipients must use their personal resources, or agency, to benefit 
[26]. In contrast, population interventions that require recipients to use less 
agency to benefit may be more effective and equitable as intervention success 
does not depend on individuals having to consciously engage with any 
information or actively changing their behaviour. 
 

Therefore, population-wide prevention strategies that can be applied to 
improve diet vary in nature depending on whether the prevention strategy is 
more structural (targets regulatory, fiscal, and sociocultural conditions in which 
behaviours occur) or agentic (targets behaviour change at the individual level) 
[26]. Both types of interventions are necessary and relevant to population health, 
providing synergistic effects. As an example, regulation of food labelling and 
marketing together with fiscal measures such as taxes and subsidies could foster 
the adoption of healthy eating habits that are recommended by health authorities 
and professionals. 
 

1.2.1. Individual-level strategies 
 

To date, the best evidence for prevention of obesity and diet-related 
chronic disease like type 2 diabetes and cardiovascular disease comes from 
randomized controlled trials of dietary behaviour change interventions delivered 
to individuals at high risk (with pre-existing metabolic and behavioural risk 
factors) in clinical settings [27-29]. Although this approach has proven effective 
in improving health outcomes, ideally, prevention efforts should start earlier and 
be made across the lifespan. Sound evidence illustrates the need to focus on the 
primary prevention of excessive weight gain during childhood and young 
adulthood, which provides a new target that could offer an effective 
transgenerational approach for prevention of obesity and related conditions [30]. 
For example, interventions at primary care settings could improve parenting 
practices aimed at promoting healthy eating habits [31]. Another initiative that 
could potentially be helpful to address unhealthy dietary habits before the onset 
of disease is the inclusion of dietary screeners in the electronic medical records 
as part of routine clinical practice [32]. 
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Nevertheless, strategies that focus on changing individual behaviour have 
limited reach due to the challenges of identifying at scale those in whom an 
intervention may be beneficial. In addition, behavioural interventions targeting 
individuals could have variable effectiveness across population subgroups due 
to differential access, uptake and compliance [33]. Therefore, multicomponent 
interventions are needed to simultaneously address different levels of influence. 
It has been hypothesized that addressing stigma may also be important to 
overcome overweight and obesity, which can be done in part by changing the 
prevailing narrative of obesity being a matter of personal responsibility [34]. 
Currently, most approaches to improving diets (e.g., dietary guidelines, clinical 
counseling, nutritional education) arise from an implicit assumption that dietary 
habits are primarily a function of individual choice. However, obesity framing 
cannot be just about individual choices as its causes are multifactorial and 
include social, cultural and environmental factors [16]. In fact, it has been 
suggested that malnutrition in all its forms (including obesity, undernutrition 
and dietary risks) could be considered as a collective risk factor which, together 
with climate change, represents a syndemic, or synergy of epidemics, because 
they co-occur in time and place, interact with each other to produce complex 
sequelae, and share common underlying societal drivers [35].  
 

1.2.2. Environmental-level strategies 
 

Although there are many healthy dietary behaviours that have been 
recommended, so far none have been broadly adopted by the public. This is 
partly due to the fact that poor diets are not just about individual choice, but 
about the systems that make eating poorly the default option. It can be very 
challenging to change behaviours when you have food environments that are 
working powerfully to promote unhealthy products [36]. Considering the 
external influences on dietary choices and the unsustainable costs of the 
increasing prevalence of chronic diseases, more policy and environmental-level 
interventions are needed to help individuals adopt healthier diets. Policy 
approaches have proven crucial for other public health priorities, such as 
reducing tobacco use, alcohol abuse, and deaths from motor vehicle crashes [37]. 
These examples provide a road map for improving population diets: address the 
consumer, the product (foods and beverages), the food environment (retailers, 
schools, restaurants), and the culture (price, marketing, social norms) [22].  
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Successful policies to promote healthy food environments will lead to 

public and private settings in which advertising, placement and price incentives 
will all favour the healthiest food and drink options, driving their consumption 
and demand [36]. It is unlikely that any single intervention will achieve 
substantial change, but simultaneous action in multiple areas may lead to 
potentiation of effects. For instance, changes to supply and demand cannot be 
considered independently. Supply side changes in what food is made financially, 
cognitively and physically available to consumers will only be economically 
viable if demand side change leads to consumers placing greater value on healthy 
food [38]. As Geoffrey Rose points out: “If non-smoking eventually becomes 
‘normal’, then it will be much less necessary to keep on persuading individuals. 
Once a social norm of behaviour has become accepted and (as in the case of diet) 
once the supply industries have adapted themselves to the new pattern, then the 
maintenance of that situation no longer requires effort from individuals. The 
health education phase aimed at changing individuals is, hopefully, a temporary 
necessity, pending changes in the norms of what is socially acceptable” [22].  
 

It is also important to acknowledge the more upstream role of agricultural 
policies, which can change the ability and incentive for producers to supply 
certain foods and ingredients relative to others [39]. For example, incentives 

Figure 3. Transforming our food environments to support healthy eating. 
Source: Peeters A, Nat Rev Endocrinol 2018 [36]. 
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could be created for the food companies to use healthier ingredients in their 
products. Although, at the same time, policies to intervene directly in agricultural 
production to promote healthy eating are unlikely to be effective or efficient if 
they do not take into account how foods are processed and marketed through the 
supply chain. Another potential underlying factor driving obesity and dietary 
risks may be related to broader societal behaviour patterns, whether materialism, 
consumerism, or the ever-expanding economic growth paradigm through the 
overconsumption of key commodities like food [40]. Thus, ideally, changes at the 
systemic level would focus on the whole food supply chain, from agriculture and 
production to food retailers and consumers. 
 

1.3. Dietary recommendations  
 

Identifying optimal diets for chronic disease prevention has long been 
recognized as a public health priority. Traditionally, individual macronutrients 
and calorie counting were a key focus for weight status and nutrition research. 
Given that individuals do not consume nutrients or foods in isolation, recent 
nutritional epidemiologic studies have shifted their focus to dietary pattern 
analysis in order to describe the overall diet, as it is likely the cumulative and 
interactive effects of multiple components of diet that affect health [41]. Not only 
do dietary patterns encompass the overall diet quality, they allow for multiple 
ways to achieve a healthy diet. Therefore, dietary guidelines and 
recommendations are most easily translated into eating behaviours when 
described by the composite measure encompassed in dietary patterns [42].  
 

Among the most commonly used methods to assess dietary patterns are 
a-priori indexes, which measure adherence to a dietary pattern that has been 
predefined based on previous scientific evidence. As nutritional epidemiology 
and methods to assess dietary patterns advance and the evidence base is 
strengthened, the advantages offered by dietary patterns as an approach for 
informing public health recommendations are increasingly recognized [43]. As 
an example, since 2015, the scientific report issued by the United States (US) 
Dietary Guidelines Advisory Committee every 5 years has focused its 
recommendations on healthful dietary patterns instead of individual nutrients or 
foods. The latest scientific report (2020-2025) recommends dietary patterns that 
provide the majority of energy from plant-based foods [44]. 
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1.3.1. Spanish Dietary Guidelines  
 

In Spain, the first dietary guidance was developed in 1961 within the 
framework of an educational program on healthy eating and nutrition, known 
by its Spanish acronym EDALNU (“Programa de Educación en Alimentación y 
Nutrición”) [45]. This was the basis for national diet recommendations until 1995, 
when the first comprehensive dietary guidelines for the Spanish population were 
published by experts in nutrition and public health affiliated with the Spanish 
Society of Community Nutrition (“Sociedad Española de Nutrición 
Comunitaria”, SENC) [46]. In contrast to other countries, national dietary 
guidelines are not issued by neither the Spanish Ministry of Health nor the 
Spanish Ministry of Agriculture. Until now, the SENC dietary guidelines have 
been the most well-known and used. They were updated in 2002, 2004 and, more 
recently, in 2016 [47-49]. 

Figure 4. Spanish Society of Community Nutrition (SENC) Food Pyramid, 2016. 
Source: SENC collaborative group, Nutr Hosp 2016 [49]. 
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Additionally, in 2018, SENC and other scientific societies of primary 
healthcare professionals developed a more practical version of the guidelines, 
with an emphasis on food sustainability [50]. The main novelties in the last 
updated versions were the inclusion of factors like emotional status, energy 
balance, cooking methods, and nutritional supplements, as well as the addition 
of a hydration pyramid:  

 
Beyond those new elements, recommendations have always promoted a 

balanced, varied and moderate diet. However, guidelines do not provide any 
quantitative guidance for moderate or occasional consumption, and currently 
available evidence suggests that greater dietary diversity (i.e., eating “a varied 
diet” or “everything in moderation”) is not necessarily beneficial in terms of 
promoting an optimal body weight and healthy eating patterns [51]. In addition, 
the SENC dietary guidelines also recommend a “moderate and responsible” 
occasional consumption of fermented alcoholic beverages, which is inconsistent 
with the positioning of the Spanish Society of Epidemiology [52] and other 

Figure 5. Spanish Society of Community Nutrition (SENC) Hydration Pyramid, 2016. 
Source: SENC collaborative group, Nutr Hosp 2016 [49]. 
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scientific evidence in the Spanish population [53]. Importantly, the terms 
“moderate and responsible” are vague and place full responsibility on 
individuals ignoring key factors driving consumption such as social norms, 
marketing and price, which are beyond individual’s power. Confusing and 
ambiguous terminology is known to be further harnessed by some sections of the 
food industry that take advantage of it by lobbying against sensible regulations 
(i.e., sugar-sweetened beverage taxes) and using misleading marketing strategies 
[54]. Noteworthy, the excessive focus on personal responsibility can be used for 
policy inaction by favoring downstream interventions, which place high agency 
on individuals, rather than more effective, upstream structural strategies.  

 
Moreover, in spite of grains being the major source of carbohydrate intake 

in the Spanish population [55] and whole-meal versions not commonly being 
what they claim to be, grains and byproducts are still at the base of the food 
pyramid. This relegates fruits and vegetables to a second level despite their 
importance for chronic disease prevention and current consumption not being 
enough [56]. Therefore, it is not evident whether updates during the past years 
have been aligned with public health priorities or with other interests. In fact, 
driving the attention to hydration, physical activity and energy balance has been 
recognized as one of the main ways in which some of the food industry biggest 
players reframe the conversation about the causes of obesity and skew the 
evidence towards solutions that protect their financial interests [57-59]. 
Interestingly, a study revealed that the SENC is among the health organizations 
that have received the highest funding from a beverage company in Spain that is 
known to be involved in such practices [59], which may or may not be related to 
how the recommendations in guidelines have been framed. It is also worth 
noting that the same company in the US recently submitted comments regarding 
the importance to include more beverage guidance in the 2020-2025 Dietary 
Guidelines for Americans [60]. 

 
Regarding overweight and obesity prevention, it must be acknowledged 

that dietary guidelines are just part of a broader, intersectoral effort, also 
including improved public health policies and the promotion of food 
environments that favour the consumption of healthy foods. Nevertheless, 
dietary guidelines are used to set standards for nutrition and agricultural 
policies, and are the principle reference for communities, health professionals, 
and government for promoting healthy eating. Thus, it is important to ensure 
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that they are informed by solid evidence and non-ambiguous recommendations 
on healthy and sustainable diets. At present, there is a global concern regarding 
the potential presence of bias in nutritional research and an undue influence in 
the elaboration of dietary guidelines [61-64]. Although dietary guidelines are 
informed by extensive reviews of evidence, important methodological 
deficiencies and lack of transparency in their development process have been 
identified worldwide, suggesting that their content may not necessarily be 
informed by the best available evidence [64].  
 

1.3.2. Dietary Obesity Prevention Score  
 

Given that dietary habits represent a well-recognized target for addressing 
and preventing obesity and that there is a need for independent primary 
evidence [65], an a priori food-based dietary pattern was proposed to specifically 
promote prevention of excess weight gain. The Dietary Obesity Prevention Score 
(DOS) is composed of 14 food groups that have been shown to either promote or 
protect against obesity [23, 66-74]. The DOS positively weighted the consumption 
of vegetables, fruits, legumes, yogurt, nuts, fish, and vegetable-to-animal protein 
ratio; while the consumption of red meat, processed meat, saturated animal fat, 
refined grains, ultra-processed foods (UPF), sugary beverages, beer and spirits 
were inversely weighted. Foods that were not included, such as cheese and eggs, 
are surrounded by controversial evidence in terms of obesity risk. 
 

Foods like vegetables, fruit, nuts, fish, yogurt and legumes have been 
consistently associated with weight maintenance in the literature [23]. Generally, 
these foods are characterized by having a low energy density and/or being rich 
in dietary fibre, micronutrients and/or bioactive compounds, which may increase 
satiety, exert a beneficial influence on energy homeostatic pathways and 
favorably modulate gut microbiota composition [75]. Moreover, the protein 
leverage model of obesity points out that decreasing the protein fraction of diets 
leads to compensatory increases in total energy intake in an attempt to maintain 
a target amount of absolute protein intake [76]. Considering that sustainability is 
also a key factor within dietary recommendations nowadays, it was considered 
positive to show a preference for consuming protein from plant-based foods. On 
the other hand, foods typically associated with weight gain include red and 
processed meat, refined grains, sugary drinks and alcoholic beverages [23]. 
Growing evidence suggests that the quality and food sources of dietary fat 
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(whole-food containing unsaturated fat over saturated fat) and the quality of 
dietary carbohydrates (with a preference for solid, high-fibre, low-glycaemic 
index and whole grain foods) are stronger determinants of the effects of diet on 
weight maintenance than macronutrient proportions in the diet [74, 77]. In the 
case of alcoholic beverages, some types have been more clearly and consistently 
associated with weight gain than others, with spirits and beer showing the most 
detrimental effect [78].  

 
The DOS also includes UPF as one of the negatively weighted food groups. 

Classically, foods have been classified based on their botanical or animal origin 
and/or their nutritional composition, so their health potential has been evaluated 
accordingly. However, since 2010, as a result of the nutrition transition and the 
increasing consumption and availability of highly processed foods, UPF have 
been defined within the NOVA (a name, not an acronym) food classification 
system. NOVA classifies foods according to the extent and purpose of industrial 
processing [21]. UPF (fourth NOVA category) are not considered ‘real food’, as 
they are manufactured through the fractioning of whole foods into substances, 
chemical modifications of these substances, and the addition of multiple 
additives. Processes and ingredients used to manufacture UPF are designed to 
create highly profitable (low-cost ingredients, long shelf-life, emphatic 
branding), convenient (ready-to-consume), hyper-palatable products liable to 
displace all other food groups, notably unprocessed or minimally processed 
foods [21].  

 
The consumption of UPF has increased globally [18] and it has been 

consistently associated with higher risk of excess weight gain, chronic diseases 
and premature mortality [73]. Particularly, in Spain, the acquisition of UPF 
almost tripled between 1990 and 2010, paralleling the increase of added sugar 
content during the same period [79]. There is evidence that this increased trend 
of consumption is particularly concerning across middle-income countries, such 
as Brazil, Mexico and Chile, which have become key growth markets [18]. 
Nevertheless, the health relevance of UPF has been demonstrated in many 
countries across the world [79]. Thus, it is important to consider the NOVA 
classification within nutritional epidemiology studies, as they will ultimately 
serve as a base for developing public health guidelines and policies.  
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1.3.3. Provegetarian Food Patterns 
 

No longer is it enough to only focus on health effects when assessing 
dietary patterns, other factors are also becoming increasingly important. The 
food system drivers of malnutrition in all in its forms (undernutrition, high BMI 
and dietary risks), especially the production and aggressive marketing of 
resource-intensive highly processed foods, are also key drivers of ecosystems 
degradation and climate change [80]. In fact, food production is one of the largest 
causes of global environmental change, utilising ∼40% of arable land and ∼70% 
of freshwater, and being responsible for ∼20% of green-house gas emissions [81]. 

 
Sustainable diets are typically characterized by prioritizing plant-based 

over animal-based foods and conferring both health and environmental benefits 
[80], and may not be as expensive as adopting other healthy and environmentally 
friendly dietary patterns such as the Mediterranean Diet [82]. Additionally, the 
focus on healthy dietary patterns that could significantly reduce greenhouse gas 
emissions as well as other environmental impacts may be a useful strategy to 
change dietary behaviours in the general public towards a healthier diet, as it is 
a way to connect with deeper needs and desires of people while improving their 
health as a side effect [83]. Importantly, linking dietary factors with other major 
global challenges like climate change and health of the planet focuses attention 
on the scale and urgency of addressing these challenges and may increase 
demand for policy action by the public [35].  
 

Whereas strict vegan or vegetarian diets might not be easily embraced 
within the general population, provegetarian diets (i.e., preferentially but not 
exclusively consuming plant-derived foods) based on gradual dietary changes 
may be easier to adopt. In order to evaluate this dietary approach, an a priori 
provegetarian food pattern was proposed by Martínez-González et al. [84]. This 
score quantifies the consumption of seven plant food groups (fruits, vegetables, 
potatoes, nuts, legumes, cereal grains and olive oil) and five animal food groups 
(dairy, eggs, meat, fish and seafood and animal fat). However, given the 
relevance of diet quality in relation to obesity and chronic disease prevention 
[74], it is also important to take into account that not all plant-derived foods are 
equally healthy. This has been addressed in another plant-based dietary pattern 
proposed by Satija et al. [85], in which there is a distinction between healthy 
and less-healthy plant foods.  
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1.4. Dietary nudges 
 

In the 1970s, Amos Tversky and Daniel Kahneman introduced the term 
‘cognitive bias’ after showing that people rely on a limited number of heuristic 
principles that contain systematic simplifications and deviations from rationality 
that may lead to suboptimal decision-making [86]. Inspired by Tversky and 
Kahneman’s work, the economist Richard Thaler, founder of behavioural 
economics and winner of the Nobel Memorial Prize in Economic Sciences in 2017, 
introduced the concepts of ‘nudge’ and ‘choice architecture’ together with Cass 
Sunstein [87]. Thaler advocates for libertarian paternalism, which describes how 
architects of choice (either private managers or public officials) can design 
environments that nudge people to make more rational decisions without 
depriving them of the freedom of choice or significantly changing their economic 
incentives.  

 
Nudges are based on the insight that people are not as rational in their 

choices as they could be, but they are irrational in ways that can be predicted 
through psychological research and behavioural observation. For example, in the 
context of changing diet-related behaviours, variations in the placement of food 
in cafeterias or shops are considered a nudge [88]. There are two types of nudges 
depending on whether they target more automatic processing (system 1 or non-
educative nudges) or promote reflection and deliberation (system 2 or educative 
nudges). On the one hand, system 2 nudges equip people with easily accessible 
knowledge required to make more health-friendly choices [87]. On the other 
hand, system 1 nudges aim to pave a healthier path of least resistance through 
default options or other strategic interventions that facilitate more health-
friendly choices without necessarily increasing individual agency. Ultimately, in 
the field of public health, nudges can be a useful tool to make the socially 
desirable choice more acceptable at the individual level.  
 

1.4.1. Front-of-pack nutrition labelling  
 

Front-of-pack nutrition labelling (FOPNL) is one of the best-buy policy 
recommendations to address the growing global burden of diet-related chronic 
diseases [89]. In recognition that existing standard nutrition information shown 
on the back-of-pack has proven of limited value in helping consumers to 
understand the relative healthfulness of packaged food, initiatives such as more 
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comprehensive labelling have been proposed and implemented in many 
countries [90]. Unlike for back-of-pack nutrition information panels and 
ingredients lists, existing nutrition labelling guidelines at the Codex 
Alimentarius Commission do not explicitly provide guidance on FOPNL [91]. 
FOPNL schemes across countries use nutrient profiling models differently to 
assess the nutritional quality of food products and display their healthiness in a 
simplified, visual form. This provides easily interpretable information to allow 
for quick decision making without requiring much understanding of nutrition. 
In this sense, FOPNL serves as an educative nudge to consumers (i.e., 
information is provided to encourage healthier food choices) [92].  

 

Apart from providing additional information to consumers, FOPNL also 
has the potential to prompt manufacturers to reformulate products towards 
healthier versions by modifying nutrient compositions to avoid poor nutritional 
reputation [93]. Therefore, the benefits could also extend to the food supply, 
which can potentially improve public health without consumers needing to 
engage with information provided by labels. For example, a study shows that the 
implementation of the Chilean Law of Food Labelling and Advertising led to a 
significant decrease in the amount of sugars and sodium (i.e., below the 
thresholds that trigger a mandatory warning under the law) in several groups of 
packaged foods and beverages [94]. In Australia, reformulation changes 
following voluntary labelling were small but greater for initially unhealthy 
products [95]. 

Figure 6. Countries with either mandatory (red) or voluntary (orange) interpretive food labels. 
Source: Vital Strategies and University of North Carolina at Chapel Hill, 2020 [90]. 
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Broadly, FOPNL schemes can be divided into 'nutrient-specific', providing 
more or less detailed nutritional information on specific nutrients, or 'summary 
indicator', which provide an idea of the product's overall nutritional quality. 
Some of the most popular 'nutrient-specific' schemes include the Latin American 
Warning symbols and the UK Multiple Traffic Lights, whereas 'summary 
indicator' schemes include the Australasian Health Star Rating (HSR) system, the 
Nordic Keyhole and the predominantly Western European Nutri-Score. 
 

In the European context, the Nutri-Score FOPNL is among the systems 
that have achieved the greatest consensus regarding the implementation of a 
harmonized front-of-pack nutrition labelling scheme. The Nutri-Score labelling 
scheme is a scientifically validated five-colour labelling system developed by the 
French researchers Serge Hercberg and Pilar Galan. This voluntary FOPNL 
scheme was adopted for the first time in France in October 2017 [96], and it was 
recently also approved to be used in other EU countries like Belgium, Spain and 
Portugal. Its underlying algorithm relies on a modified version of the British 
Food Standards Agency Nutrient Profiling System (FSAm-NPS) that was 
originally developed for United Kingdom’s (UK) communications regulator 
(Ofcom) to regulate television advertising to children [97]. An overall score is 
allocated to a given food/beverage according to its content per 100 g of energy,  
saturated fat, total sugar, sodium, fibre, protein, and the percentage of fruits, 
vegetables, legumes, nuts , rapeseed, walnut and olive oils that compose the total 
product. Based on this score, which takes into account both critical nutrients that 
should be limited and beneficial nutrients that should be encouraged, food 
products are categorized into five colours reflecting their overall nutritional 
quality. Each colour is also associated with a letter from A (dark green) to E (dark 
orange) to make the labelling more accessible and understandable to consumers.  
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Other FOPNL summary indicator schemes endorsed by EU member states 
include the green Keyhole logo, developed by the Swedish National Food 
Agency and introduced in Sweden in 1989 as the first FOPNL system to be 
implemented in the EU. In contrast to the Nutri-Score, which grades overall 
healthiness as a continuum, the keyhole endorsement logo identifies the healthier 
choice within 33 defined food groups (e.g., bread, cheese, ready meals) based on 
nutritional criteria such as the amount of fat, sugars, salt, or fibre. However, the 
logo cannot be used on products that have a low nutritional value, such as salted 
snacks or soft drinks. In contrast, recent FOPNL policy developments in non-EU 
countries have shifted towards formats such as Chile’s warning symbol 
indicating product unhealthfulness to discourage consumption. 
 

Nevertheless, the Nutri-Score format (i.e., color-graded summary 
indicator) has been found to be well perceived and better understood than other 
FOPNL schemes when compared with the industry-preferred Reference Intakes 
label [98]. It has also shown to be useful in helping consumers to be aware of the 
nutritional quality of foods and for improving the nutritional quality of 
purchases [99]. Furthermore, several studies have shown that the underlying 
algorithm of the Nutri-Score label is able to discriminate the nutritional quality 
of foods in a way that is mostly consistent with dietary recommendations in 
France [100], among other EU countries.  
 

1.4.2. Choice architecture in supermarkets 
 

To date, non-educative nudges aimed at modifying dietary behaviours 
have mainly involved altering small-scale physical and social environments, 
principally those within restaurants, workplaces and stores [88]. In particular, 
food retailers provide a high proportion of people’s food and beverage needs, 
and are therefore a key setting to implement changes designed to increase 
purchase of healthy food and decrease purchase of unhealthy food in order to 
contribute improving population diet [101]. Retailers influence dietary 
behaviours through aspects like the formulation, packaging, labelling, pricing, 
positioning and advertising of both their own-brand and branded products [102]. 
The supermarket in-store environment, including the amount of shelf-space 
allocated to different products, the promotion of foods in prominent in-store 
locations, and price discounting practices, can all influence what people choose 
to buy. 
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Changes to food retail environments that impact the way choices are 
presented to consumers (i.e., choice architecture) are well-recognized examples 
of nudges that target non-deliberative decisions. Healthy food retail 
environments can be defined as those that encourage the purchase and 
consumption of healthier foods and drinks by supporting the relative 
availability, attractivity, affordability, and accessibility of healthier compared to 
less healthy alternatives [103].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Given that supermarkets are the setting for almost 50% of all food 
purchased globally [104], and that more than half of consumers’ grocery store 
purchasing decisions are unplanned [105], in-store environmental initiatives that 
promote healthy food choices have significant potential to improve diet-related 
behaviours and lower the risk of disease at the population level. Although most 
nudges in supermarkets currently promote purchasing of less healthy products 
[106], they could equally promote the purchasing of healthier foods. Systematic 
reviews have indeed shown that healthy food retail interventions targeting the 
in-store supermarket environment have led to improvements in the healthiness 
of consumer purchases [107,108]. Such interventions have mainly focused on 
changes regarding product placement, like altering the position or availability of 
certain products (e.g., increasing the range or number of healthy options or 
avoiding placement of less healthy options in prominent locations, like checkout 
lanes and end-of-aisle displays). It is also worth noting that supermarkets are 
often the main distribution channel for UPF offering prices well below those 

Figure 8. Factors affecting the healthiness of the food retail environment. 
Source: Peeters A, MJA InSight 2018 [102]. 
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charged by traditional retailers [109], which reinforces the importance of 
adopting these kind of health-promoting initiatives. 
 

The non-profit Access to Nutrition Initiative (ATNI) draws on the power 
of the private sector to address dietary risk factors. Among others, it has 
developed an initiative that aims to encourage the UK’s largest supermarket 
chains to contribute tackling the country’s diet-related health challenges by 
reporting each company’s commitments and actions on aspects like product 
reformulation, marketing and labelling. According to ATNI’s latest report, 
supermarkets in the UK are particularly starting to move towards healthier 
checkouts and use of front-of-pack traffic-light labelling [110]. However, the level 
of information disclosure by supermarkets is currently very poor. Similarly, the 
'Inside our Supermarkets 2020' report assessed the healthiness of the in-store 
environments. of Australian supermarkets. Findings suggest that there is a lot of 
room for improvement in the way supermarkets contribute to promoting 
healthier diets [111]. Nevertheless, it is a good sign that investors seem to be 
starting to pile pressure on unhealthy supermarket portfolios [112]. 
Benchmarking and accountability initiatives, together with public demand, can 
contribute to food retailers realising that a business that profits primarily from 
unhealthy products is unlikely to be successful in the long-term.  
 

1.5. Research gaps in the existing literature 
 

As previously mentioned, dietary guidelines play a key role in setting 
standards for food policies and promoting healthy eating. Those issued by the 
SENC are the most well-known and used nationally. There are certain aspects, in 
terms of form and content, that make it unclear whether updates during the last 
decade have been aligned with public health priorities. Some studies have 
previously examined the cross-sectional association between adherence to the 
SENC dietary recommendations and BMI suggesting that the guidelines are 
contributing effectively to the prevention of obesity [113,114]. However, no study 
has yet prospectively assessed the risk of developing overweight and obesity 
according to adherence to the latest SENC dietary guidelines, taking into account 
both the food and hydration pyramid recommendations.  

 
Furthermore, it is important that dietary recommendations to prevent 

obesity are supported by the latest evidence available and longitudinally 
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evaluated using context-specific data. In the absence of properly powered and 
conducted randomized clinical trials, non-industry sponsored prospective cohort 
studies with repeated measures of diet and appropriate control for confounding 
provide the most adequate evidence to evaluate the potential of a specific dietary 
score for the prevention of overweight and obesity. In particular, the 
'Seguimiento Universidad de Navarra' (SUN) prospective cohort provides a 
unique opportunity to assess the contextual relevance of dietary evidence that 
often comes from findings derived from studies conducted in other countries.  
 

Beyond population health, current dietary patterns are also detrimental to 
planetary health [80]. In order to join public health efforts to target the greatest 
contributors to the burden of disease globally (high BMI and dietary risks) as 
well as the greatest threat to global security (climate change), it is key to 
acknowledge that these issues all share a common cause which is related to the 
adoption of unhealthy diets driven by the underlying food systems [35]. 
Provegetarian food patterns, which reflect a progression from current omnivore 
diets towards a relative increase in plant-derived foods, can be both nutritiously 
healthy and environmentally sustainable. Several studies have also found 
similarly operationalized plant-based diet scores to be associated with favorable 
weight outcomes [115,116]. Nevertheless, in terms of obesity and disease 
prevention, it is particularly important to make a distinction according to the 
healthiness of plant-based foods. At the time we considered this, no other study 
had evaluated the association between healthful and unhealthful provegetarian 
food pattens in relation to the risk of developing overweight and obesity.  
 

Given the need to complement dietary guidance with food policies to 
counteract the unprecedented pervasiveness of unhealthy pre-packaged food 
and drink in our daily food environments, the number of FOPNL initiatives has 
increased worldwide over the last few decades [90]. In November 2018, the 
Spanish government announced for the first time that Spain will be adopting the 
Nutri-Score label created in France. Previous prospective studies in the UK and 
France have reported that diets with a lower nutritional quality (based on the 
FSA-NPS) are associated with a higher risk of developing chronic diseases such 
as obesity, cardiovascular disease and cancer [117-119]. However, there have 
been no high level validation studies evaluating prospective associations 
between the algorithm underpinning Nutri-Score (FSAm-NPS) and health 
outcomes in the Spanish population. 
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Additionally, in order to improve food environments by aligning with 
dietary guidelines and favouring purchasing of recommended food groups, 
retailers like supermarkets could do their part by encouraging healthy purchases. 
The level of public support for particular initiatives is recognized as playing a 
pivotal role in determining the extent to which evidence is implemented into 
policy [120,121]. Previous studies in Europe, the UK and the US have 
demonstrated widespread customer support for health-promoting supermarket 
nudges related to product positioning [122-124]. Examples include changing the 
shelf location of sugar-sweetened beverages, placing healthy foods in prominent 
locations and requiring sweet-free checkout lanes. Nevertheless, few studies 
have examined public support for product placement initiatives focused on both 
positioning and availability across different countries. Increased understanding 
of the level of public support for various initiatives in different contexts and the 
opportunities to influence support could prompt food retailers to take action.  
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2. AIMS 
 

2.1. GENERAL AIM 
 

To provide robust and independent epidemiological evidence that can 
contribute to developing the most effective diet-related approaches for primary 
prevention of obesity and premature mortality in the Spanish context. 

2.2. SPECIFIC AIMS 
 

1. To prospectively evaluate the association between the latest dietary 
guidelines for the Spanish population issued by the SENC and the risk 
of developing overweight and obesity in a large Spanish cohort study 
of middle-aged university graduates. 
 

2. To prospectively evaluate the association between a dietary score 
specifically focused on obesity prevention and the risk of developing 
overweight and obesity in a large Spanish cohort study of middle-aged 
university graduates 

 
3. To prospectively evaluate the association between healthful and 

unhealthful provegetarian food patterns and the risk of developing 
overweight and obesity in a large Spanish cohort study of middle-aged 
university graduates. 

 
4. To prospectively evaluate the association between the nutrient profile 

system underpinning the Nutri-Score front-of-pack nutrition label and 
the risk of mortality in a large Spanish cohort study of middle-aged 
university graduates. 

 
5. To cross-sectionally assess the level of public support for supermarket 

initiatives encouraging healthy food choices through product 
placement and factors that may influence this support in a multi-
country cohort study conducted in Australia, Canada, Mexico, the 
United Kingdom and the United States. 
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3. METHODS 
 

The core publications included in this thesis are based on two cohort 
studies: The University of Navarra Follow-up Project (“Seguimiento Universidad 
de Navarra”; SUN), conducted in Spain (publications 1, 2, 3 and 4), and the 
International Food Policy Study (IFPS), conducted in Australia, Canada, Mexico, 
the UK, and the US (publication 5).  

 

3.1. The SUN Project 
 

3.1.1. Aim and study design 
 

The SUN project is a prospective, dynamic (permanently open), 
multipurpose cohort study of Spanish university graduates. It was designed back 
in the late nineties, when Professor Miguel Ángel Martínez González visited the 
School of Public Health at Harvard University to learn about the methodology of 
similar large prospective cohort studies currently being conducted in the US, 
such as the Nurses’ Health Study and the Health Professionals Follow-up Study. 
At that time, there was a lack of scientific evidence about the health benefits of 
the Mediterranean Diet and starting a cohort in a country like Spain was a unique 
opportunity to address this research gap. Its initial focus on the potential of diet 
to prevent different kind of diseases was broadened to include other health-
related habits [125].  

 
Although the project started in the Department of Preventive Medicine 

and Public Health at the University of Navarra, it currently counts with the 
collaboration of many different universities around Spain. The recruitment of 
participants was facilitated through alumni and regional professional 
associations. Since December 1999, graduates from these universities are invited 
to participate and, as of December 2020, almost 23,000 volunteers are enrolled. 
Participants are not remunerated nor incentivized in any way to participate in 
the study. Although the response rate is 10%, those accepting to participate are 
highly motivated participants, which ensures a high retention rate in the cohort 
(91%). The selection of highly educated participants corresponds to an approach 
to control for confounding by socioeconomic status known as restriction [126].  
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At baseline, once the participants accept to enter the study, they receive a 
detailed questionnaire by ordinary mail or an email with instructions to answer 
the questionnaire electronically via the SUN website. The second alternative is 
available since 2004. Together with the baseline questionnaire, participants 
receive all relevant information about the study so voluntary completion of the 
baseline questionnaire is considered to serve as informed consent. All procedures 
were approved by the Institutional Review Board of the University of Navarra 
according to Declaration of Helsinki guidelines. The baseline questionnaire 
(annex 1) collects extensive information on participants’ sociodemographics, 
anthropometrics, diet, eating behaviours, lifestyle, clinical data, preventive 
measures, medications, and personality traits.  

 
Every two years, shorter follow-up questionnaires (annexes 2 – 10) are 

sent by ordinary mail or e-mailed to track incidence of diseases and changes in 
sociodemographic, medical and/or behavioural variables. Additional questions 
are also included in some questionnaires to measure new tendencies in 
population behaviour. A summary of the items included in the different 
questionnaries (Q0 until Q18) can be found below. In order to maximize the 
retention rate, follow-up mailings are sent up to five times to non-respondents, 
after which they are given the possibility to answer a brief version of the follow-
up questionnaire (annex 11) and finally, as a last resource, they are contacted by 
email or phone. The Spanish National Death Index and the National Statistics 
Institute are checked annually to verify vital status among participants lost to 
follow-up. Deaths are also reported by families and postal authorities and are 
confirmed through medical records with permission of the next of kin. 

 
The SUN project has received funding from the Spanish Government-

Instituto de Salud Carlos III, European Fund for Regional and Economic 
Development (PI01/0619, PI03/0678, PI04/0233, PI04/2241, PI05/0976, RD06/0045, 
PI07/0240, PI07/0312, PI08/1943, PI08/0819, PI10/02658, PI10/02293, PI10/02658, 
PI13/00615, PI14/01668, PI14/01798, PI14/01764, PI17/01795), Spanish Biomedical 
Research Centre in Physiopathology of Obesity and CIBER-OBN 
(CB12/03/30017), the Navarra Regional Government (24/1999, 96/2000, 36/2001, 
43/2002, 36/2008, 27/2011, 45/2011, 122/2014) and the University of Navarra. 
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Table 3. Set of characteristics and number of items included in the baseline and follow-up questionnaires (Q).  

 Q0 Q2 Q4 Q6 Q8 Q10 Q12 Q14 Q16 Q18 Qbrief 

Sociodemographics 10 1 1 1 2 2 1 3 3 2 1 
Sex, birth date, residence, 
marital status, n children, n 
cohabitants, education, health-
career, working status, 
religiosity 

           

Anthropometrics 4 1 1 4 4 2 1 1 5 2 1 
Weight, weight change, birth 
weight, height, body image, 
waist circumference, hip 
circumference 

           

Quality of life - - 27 2 28 - - - - - - 

Health self-perception, pain            

Diet 136 9 9 15 - 136* 3 31 12 3 - 
Dairy, meat, fish, eggs, 
vegetables, fruit, legumes, 
cereals, fats, sweets and 
pastries, nuts, miscellaneous, 
fibre 

           

Special diet, enriched foods            
Soft drinks, diet soft drinks, 
juices, energetic drinks 

           

Alcohol            
Eating behaviours 9 - - 3 2 - 1 3 1 - - 
Eating out, fast-food, ready-to-
eat, snacking, cooking oils 

           

Lifestyle 44 3 4 2 4 - - 18 7 3 - 
Smoking, drinking, driving, 
physical activity, sedentarism, 
screen time, social networks, 
sleeping quality 

           

Clinical data and 
family/childhood history 25 - 1 7 7 1 1 2 4 5 1 

Heart rate, blood pressure, 
cholesterol, triglycerides, 
glucose, 

           

Moles, sunburn, snoring, 
sleeping problems, memory 
loss, menstruation, pregnancy, 
breastfeeding, family records 

           

Disease diagnosis 32 34 33 34 35 35 42 44 47 51 37 
Preventive screenings 14 6 6 6 - - - - -  - 
Preventive strategies 3 3 3 3 3 - - - - - - 
Medications and supplements 18 1 1 1 - - - 1 1 1 1 
Personality traits, feelings, 
emotions 3 - 9 - 9 - - - 25 29 - 

* Optional. Adapted from Carlos S et al, Nutrients 2016 [125]. 
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3.1.2. Inclusion and exclusion criteria  
 

Publications 1, 2, 3 and 4 share common criteria for the sample of 
participants included for quantitative data analysis. In each case, the last 
available dataset was used, corresponding to March 2017 for publication 2 and 
October 2018 for publications 1, 3 and 4. To ensure participants had the chance 
to complete at least one follow-up questionnaire, we only considered those 
recruited before March 2014 (paper 2) or October 2015 (papers 1, 3 and 4). For 
papers 1, 2 and 3, participants who reported any of the following conditions at 
baseline were excluded from the analysis: prevalent overweight and obesity 
(BMI ≥ 25 kg/m2), total energy intake out of pre-defined limits (>4000 kcal/d in 
men and >3500 kcal/d in women or <800 kcal/d in men and <500 kcal/d in women) 
[127], pregnancy, cardiovascular disease, diabetes, or cancer, and >10 kg weight 
change over the past 5 years. After excluding participants lost to follow-up, the 
final sample in paper 2 was of 11,349 and in papers 1 and 3 of 11,554 participants. 
For paper 4, the exclusion criteria were different and in accordance with the 
outcome being assessed. Those participants who reported a total daily energy 
intake below and above the 1st and 99th percentiles at baseline, as well as those 
lost to follow-up, were excluded from the analysis, leading to a final sample of 
20,503 participants. Flow charts can be found in the respective publications 
(annexes 13 – 16). 

 

3.1.3. Assessment of dietary exposures and covariates 
 

The baseline or first questionnaire contains 554 items gathering all 
information that is used to assess dietary exposures and other variables that were 
included as potential confounders in the analysis. A 136-item semi-quantitative 
food frequency questionnaire (FFQ) repeatedly validated in Spain [128,129] is 
self-administered at baseline and after 10 years of follow-up. The FFQ assesses 
participants’ usual intake of foods and beverages consumed in the past year. 
Consumption frequencies are divided into 9 categories ranging from 
never/almost never to >6 servings/day. This information is better suited to rank 
individuals rather than to accurately measure absolute intakes. Therefore, most 
dietary exposures were computed and assessed using cohort-specific quantiles 
rather than absolute intake cut-offs. 
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- Spanish Dietary Guidelines 
 

Adherence to the Spanish dietary guidelines was assessed according to the 
latest version published by the SENC committee of experts in 2016 [49], which 
included both a food pyramid (FP) and a hydration pyramid (HP) with 
consumption recommendations for the following food and beverage groups: 
grains and byproducts, fruits, vegetables, dairy, protein-rich foods, olive oil, red 
and processed meat, sweets, salty snacks and spreadable fats, fermented 
alcoholic beverages (wine and beer), water and other beverages (including coffee, 
tea, fruit and vegetable juices, and diet and regular soda). Physical activity 
recommendations (60 minutes per day) were used to estimate the daily 
recommended intake of grains and byproducts, as advised by the guidelines. 

 
- Dietary Obesity Prevention Score  

 

Adherence to the DOS was assessed by positively weighing the 
consumption of seven health promoting food groups (vegetables, fruits, legumes, 
yogurt, nuts, fish, and vegetable-to-animal protein ratio), while negatively 
weighing the consumption of seven weight gain promoting food and beverage 
groups (red meat, processed meat, saturated animal fat, refined grains, UPF, 
sugary beverages, beer and spirits). To create the score, energy-adjusted intake 
tertiles of positively weighted food groups and reverse tertiles of those 
negatively weighted were summed up. Thus, the final score could range from 14 
(lowest adherence) to 42 (highest adherence).  

 
- Provegetarian Food Patterns 

 

Adherence to an overall provegetarian food pattern was calculated 
according to the score proposed by Martínez-González et al. [84], which 
quantifies the consumption of seven plant food groups (fruits, vegetables, 
potatoes, nuts, legumes, cereal grains and olive oil) and five animal food groups 
(dairy, eggs, meat, fish and seafood and animal fat). To obtain the overall score, 
energy-adjusted intake quintiles of plant foods and reverse quintile values of 
animal foods were summed up. Thus, the final score could range from 12 (lowest 
adherence) to 60 (highest adherence). 

 
Likewise, adherence to a healthful and unhealthful provegetarian food 

pattern was calculated according to the scoring criteria suggested by Satija et al. 
[85]. Healthy (fruits, vegetables, whole grains, nuts, legumes, olive oil, coffee) 
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and less-healthy plant foods (fruit juices, potatoes, refined grains, pastries, 
sugary beverages) were distinguished. To build the healthful provegetarian FP, 
positive scores were assigned to healthy plant foods and reverse scores to less-
healthy plant foods as well as to animal foods. For the unhealthful provegetarian 
FP, positive scores were assigned to less-healthy plant foods and reverse scores 
to healthy plant foods and animal foods. Energy-adjusted intake quintiles were 
summed to obtain scores of the healthful and unhealthful versions of a 
provegetarian food pattern. Thus, final scores could range from 18 (lowest 
adherence) to 90 (highest adherence). 
 

- Nutrient profile system underpinning the Nutri-Score  
 

The FSAm-NPS score was calculated for all foods and beverages in the 
SUN FFQ according to the content per 100 grams of critical nutritional elements 
that should be limited (sugars, saturated fats, sodium, and energy) and beneficial 
nutrients that should be encouraged (fibre, protein and the percentage of fruits, 
vegetables, legumes, nuts, rapeseed, walnut and olive oils that compose the total 
product). The total score of the product was calculated by subtracting the 
‘negative’ (nutrients to limit) points from the ‘positive’ (nutrients to encourage) 
points. To obtain a dietary score at the individual level, the FSAm-NPS Dietary 
Index was computed as an energy-weighted mean of the FSAm-NPS scores of all 
foods and beverages consumed by a participant. Therefore, higher FSAm-NPS 
Dietary Index scores reflected a higher consumption of foods with lower 
nutritional quality. 
 

In most cases, food intake was adjusted for total energy intake using the 
residuals method [130] in order to examine the effect of different foods in relation 
to total caloric intake (i.e., the composition of diet). Regression analyses are used 
to compute residuals of food intake, which represent the differences between 
each individual's actual intake and the intake predicted by their total energy 
intake. To include repeated measures of diet in the studies, the most recent 
measure was used (i.e., 10-y follow-up FFQ for those who had completed it and 
baseline FFQ for those participants that had been followed for longer than 10 
years but had not completed 10-y follow-up FFQ) because weight gain latency 
period is short. The last observations were carried forward to prevent 
participants being excluded from the analyses. Further details about each specific 
dietary exposure can be found in the respective publications (annexes 13 – 16). 
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In addition to dietary information, the baseline questionnaire gathers 
information on sociodemographic characteristics (sex, age, marital status, 
education level, employment status, number of children, number of people 
living at home and city of residence), medical information (prevalence of 
chronic diseases, family history of certain diseases, use of medications, self-
reported total cholesterol, blood glucose, triglycerides and blood pressure) and 
health-related habits (smoking status, physical activity during leisure time).  
A validated 17-item physical activity questionnaire [131] collected information 
on the frequency and time spent walking, jogging, athletics, cycling, stationary 
cycling, swimming, tennis, soccer, basketball, dance, hiking, gymnastics, 
gardening, skiing, martial arts and sailing. To quantify the volume of activity 
during leisure time, the metabolic equivalents (METs) corresponding to each 
activity is calculated. The MET value of an activity is defined as the ratio of the 
rate of energy expended during that activity to the rate of the energy expended 
at rest (i.e., resting metabolic rate). One MET corresponds to 1 kcal/kg/hour and 
is approximately equal to the energy cost during one hour of quiet sitting. 
Overall weekly METs-hours are estimated by multiplying time spent doing 
each activity by its correspondent MET score and then summing all activities.  
 

3.1.4. Assessment of outcome  
 

- Overweight and obesity 
 

Self-reported weight and height were recorded at baseline and every 
biennial follow-up questionnaire. BMI was calculated as the weight in kilograms 
divided by the square of height in meters. Incident cases of overweight and 
obesity were defined as those participants with a BMI <25 kg/m2 at baseline and 
a BMI ≥25 kg/m2 during follow-up. Self-reported weight and BMI have been 
previously validated in a subsample of the SUN cohort [132].  
 

The validation study included 70 participants who attended the 
University of Navarra Clinic a maximum of three months after answering the 
baseline questionnaire to compare their self-reported weight and height with the 
objectively measured values. Participants did not know that the reported 
information would be used for a validation study at the time of completing the 
questionnaire. The correlation coefficient between self-reported and measured 
weight was 0.991 (95% CI: 0.986 to 0.994) and 0.944 (95% CI: 0.911 to 0.965) in the 
case of  BMI. Validity of self-reported weight was poorer among participants 
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with higher weight and lower height. Self-reported BMI showed a sensitivity of 
90%, specificity of 100%, and positive and negative predictive values of 100% and 

93% respectively, to detect overweight and obesity (BMI ≥25 kg/m2). Overall, 
these results suggest that self-reported weight and BMI in this cohort of 
university graduates is good enough to be used in epidemiological studies as an 
outcome variable or to adjust for it as a potential confounder. 
 

- Mortality 
 

More than 85% of deaths were reported by families and postal authorities 
and were confirmed through medical records with permission of the next of kin. 
The rest were verified through the annual check of the Spanish National Death 
Index and the National Statistics Institute. Given the continuous and active 
contact with participants in the cohort, as well as the comprehensive and 
mandatory nature of the Spanish National Death Index, the positive predictive 
value of these combined sources of information regarding fatal events can be 
considered very high (approaching 100%). 
 

Cox regression models were used to prospectively evaluate the association 
between different dietary exposures and the subsequent risk of developing 
overweight/obesity or dying. Further details about statistical analyses can be 
found in the respective publications (annexes 13 – 16). 
 

3.2. The International Food Policy Study  
 

3.2.1. Aim and study design 
 

The IFPS is an ongoing prospective cohort study in which surveys are 
annually conducted in Australia, Canada, Mexico, the UK and the US, beginning 
in December 2017. Its objectives include examining dietary patterns and policy-
relevant behaviours across countries as well as evaluating the impact of national-
level food policies. Ultimately, the study aims to serve as a quasi-experimental 
design for evaluating federal-level policies by providing both within and 
between country measures over time. This represents a joint effort from a 
collaboration of researchers including international experts in the area of diet and 
nutrition from Deakin University (Australia), Instituto Nacional de Salud Pública 
(Mexico), University of Cambridge (UK), University of Pennsylvania (USA), 
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University of South Carolina (USA), University of Ottawa (Canada), University 
of Waterloo (Canada) and York University (Canada). Professor David Hammond 
is the Principal Investigator on the study, and the University of Waterloo is taking 
the lead on data collection. 

 
Participants are recruited from the Nielsen Consumer Insights Global 

Panel, which has other partner panels in each country to achieve the desired 
number of completed surveys. The panelists are recruited using non-probability 
sampling methods based on quota requirements for age and sex specific to each 
country. Individuals are eligible to participate if they are 18 years of age or older 
and reside in the country of the panel in which they were participating. Email 
invitations with unique survey access links are sent to a random sample of 
panelists who met inclusion criteria. Respondents could access the survey using 
a laptop, desktop computer, or tablet (i.e., survey completion on smartphones 
was not supported to ensure that images could be viewed with a minimum 
amount of scrolling). After eligibility screening, all potential respondents are 
provided with information about the study and asked to provide informed 
consent. In order to increase response rates and decrease response bias in 
subgroups under-represented in surveys, respondents receive remuneration in 
accordance with their panel’s usual incentive structure, which includes points-
based or monetary rewards (redeemed for catalog items, as cash or donated) 
and/or chances to win monthly prizes. Respondents lost to follow-up between 
waves are planned to be replaced using the same recruitment methodology as at 
baseline. The study was reviewed by and received ethics clearance from the 
University of Waterloo Research Ethics Committee.  

 
For the 2018 IFPS survey (annex 12), which corresponds to the data 

analyzed for this thesis, potential respondents were screened for eligibility and 
quota requirements for age and sex to facilitate recruitment of a diverse sample 
that approximated the known proportions in each country for males and females 
in four age groups: 18-29, 30-44, 45-59, and 60+ years. Efforts were also made to 
target low education panelists according to national census estimates. This was 
considered a target rather than a strict quota as the Mexico panel had limited 
sample with low education. Sample targets were also used to recruit English- and 
French-speaking respondents in Canada proportional to the population 
distribution. A total of 439,821 invitations were sent to panelists; 33,859 potential 
respondents (7.7%) accessed the survey link; and 28,684 (6.5%) completed the 
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2018 IFPS survey. Until recently, online surveys were constrained by limited 
internet penetration. However, currently, in Australia, Canada, the UK and the 
US, internet usage in the population approximates 90% or more. Internet 
penetration is lower in Mexico, but still widespread with nearly two-thirds of 
Mexicans using the internet [133]. 

 
The IFPS has received funding from the Canadian Institutes of Health 

Research (CIHR), the Public Health Agency of Canada (PHAC), and a CIHR-
PHAC Applied Public Health Research Chair. 

 

3.2.2. Inclusion and exclusion criteria 
 

For publication 5, the last available 2018 IFPS dataset was used, 
corresponding to July 2019. From the total 28,684 respondents who completed 
the 2018 IFPS survey, some were excluded after a data quality check. 
Respondents were excluded for the following reasons: the region question was 
missing or ineligible, the data quality check question “What is the current 
month?” was missing or incorrectly answered, the survey was completed in less 
than 15 minutes (presumably indicating lack of attention), and/or reported 
unreasonable or extreme responses to at least three of the 16 open-ended 
measures. Furthermore, those responding ‘don’t know’ or ‘refuse to answer’ to 
the main study variable (i.e., public support for supermarket initiatives) were 
also excluded from the analysis. A final sample of 22,264 respondents (Australia: 
n=4,004; Canada: n=4,288; Mexico: n=4,082; UK: n=5,367; US: n=4,523) was used 
for analysis. 

 
3.2.3. Assessment of support for supermarket initiatives 

focused on product placement and covariates 
 

The main variable of interest was the support for initiatives that could be 
adopted by supermarkets, which was included within the retail environment 
section of the survey. Respondents were asked if they would support or oppose 
the following practices in grocery stores: fewer end-of-aisle displays containing 
unhealthy foods or soft drinks, checkouts with only healthy products (e.g. no 
soft drinks, chocolate, candy) and more shelf space for fresh and healthier foods 
such as fruits and vegetables.  
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Self-reported sociodemographic variables collected in the survey included 
age, sex, ethnicity, education and BMI. Respondents’ dietary behaviour and 
knowledge were considered through the following self-reported measures: 
nutrition knowledge and consumption of sugar-sweetened beverages and fruits 
and vegetables. The Beverage Frequency Questionnaire (BFQ), a 7-day food 
record that assesses consumption for 24 types of drinks [134], was used to derive 
weekly sugar-sweetened beverages consumption. For each beverage category, 
respondents reported the number of drinks they had consumed over the past 
week and the usual portion size, using examples of beverages and category-
specific images of beverage containers to prompt recognition. The BFQ was 
adapted for each country to provide product examples and typical beverage 
container sizes commonly sold in each market. Total volume for each beverage 
category of interest was calculated by multiplying the number of drinks 
consumed in the previous 7 days by the usual serving size selected for that 
category. As part of an assessment of general health status, respondents were 
asked the number of times they consumed fruit and vegetables per day, week or 
month during the past 30 days. 

 
Logistic regression models were used to explore if and how 

sociodemographic factors influence support for product placement supermarket 
initiatives within and between countries. Data were weighted with post-
stratification sample weights constructed according to country-specific 
population estimates from census data based on age, sex, region, ethnicity 
(except in Canada) and education (except in Mexico). Survey weights were used 
throughout the analysis in order to minimize the influence of differential non-
response and selection bias on the representativeness of findings. Further details 
about statistical analyses can be found in the respective publication (annex 17).
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4. RESULTS 
 

4.1. Publication 1 
 

Adherence to dietary guidelines for the Spanish population and risk  
of overweight/obesity in the SUN cohort 
 

This study included 11,554 participants from the SUN prospective cohort 
with a mean (± SD) age of 35 (± 11) years at baseline. A total of 2320 cases of 
overweight/obesity were identified during a median follow-up period of 10.3 
years. Results suggested a beneficial effect among those participants in the 
highest quintile of adherence to the SENC FP, which was associated with a 
reduced risk of overweight/obesity (multivariable-adjusted HR for the highest 
quintile compared with the lowest quintile: 0.78; 95% CI: 0.67–0.91; p-trend: 
0.007) (Table 6 in annex 13). When we took advantage of repeated measurements 
by fitting Cox models with updated dietary values after 10 y of follow-up, the 
protective association remained significant (HR: 0.77; 95% CI: 0.67–0.89; p-trend: 
0.003). These findings were consistent with estimates for average yearly weight 
change (Table 7 in annex 13) and generalized estimating equation models with 
average BMI (kg/m2, continuous) as the outcome according to quintiles of 
adherence to the SENC FP (Figure 2 in annex 13). The only individual food group 
constituting the SENC FP significantly related to overweight/obesity risk was red 
and processed meat (Table 8 in annex 13). 

 
Although the SENC FP does not provide quantitative guidance for food 

groups limited to an occasional consumption (i.e., red and processed meats, 
sweets, salty snacks and spreadable fats), we defined occasional consumption as 
<1 serving/day in our main analyses based on previous research. The SENC FP 
also includes the possibility of a moderate consumption of fermented alcoholic 
beverages (i.e., 1–2 servings/day according to sex). Alternatively, we assessed the 
effect of the SENC FP on overweight/obesity risk defining occasional 
consumption as <2 servings/week and excluding the possibility of consuming 
alcohol. When the SENC FP score was analyzed as a dichotomous variable, 
defining occasional consumption as <1 serving/day and including a moderate 
consumption of alcoholic beverages (1–2 servings/day) resulted in a non-
statistically significant association (Figure 4 in annex 13). 
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There were no consistent trends found for the SENC HP. The 
multivariable-adjusted HR for participants in the highest tertile compared to 
those in the lowest tertile was 1.01 (95% CI 0.90–1.13; p-trend: 0.908) (Table 9 in 
annex 13). 

 
Further details –methodology specifics, scoring criteria (Tables 1 & 2), 

baseline characteristics of participants (Tables 3 & 4), results tables and figures 
(Tables 5-11 and Figures 1-4)– can be found in the research article published in 
PLoS ONE (annex 13).  

 

 
 
 
 
 

 
 

Figure 9. HRs and 95% CIs for incident overweight/obesity according to adherence to the SENC 
Food Pyramid (FP) and Hydration Pyramid (HP) scores. 
Source: Tables 6 & 9. Gómez-Donoso C, PLoS ONE 2019. 
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4.2. Publication 2 
 

A food-based score and incidence of overweight/obesity: The Dietary 
Obesity-Prevention Score (DOS) 
 

This study included 11,349 participants from the SUN prospective cohort 
with a mean (± SD) age of 35 (± 11) years at baseline. A total of 2153 cases of 
overweight/obesity were identified during a median follow-up period of 9.3 
years. HRs of overweight/obesity decreased monotonically across successive 
categories of the DOS. Participants with the highest adherence to the DOS 
(highest quintile) presented 37% lower risk of developing overweight/obesity 
than those in the lowest quintile (multivariable-adjusted HR: 0.63; 95% CI, 0.54–
0.74; p-trend <0.001) (Table 2 in annex 14). Updated DOS calculated with reported 
dietary data after 10 years of follow-up did not substantially change the reported 
association. Consistently, Nelson-Aalen cumulative hazard curves –shown 
below in Figure 10–  exhibited a lower incidence of overweight/obesity across 
increasing baseline quintiles of the DOS (Figure 2 in annex 14).  

 

 
 

Figure 10. Nelson-Aalen curves of incident overweight/obesity across extreme 
and median quintiles of the Dietary Obesity Prevention Score. 
Source: Figure 2. Gómez-Donoso C, Clin Nutr 2018. 
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HRs (highest vs. lowest quintile of adherence to the DOS) for developing 
overweight/obesity change with alternate exclusion of each of the 14 components 
of the score suggested that low intake of processed meats and sugary beverages 
were the main factors driving the association between a higher DOS and lower 
risk of overweight/obesity (Figure 4 in annex 14). 
 

Further details –methodology specifics, scoring criteria (Supplemental 
Table 1), baseline characteristics of participants (Table 1), results tables and 
figures (Tables 2 & 3 and Figures 1-4)– can be found in the research article 
published in Clinical Nutrition (annex 14). 
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4.3. Publication 3 
 

A provegetarian food pattern emphasizing preference for healthy plant 
foods reduces the risk of overweight/obesity in the SUN cohort 
 

This study included 11,554 participants from the SUN prospective cohort 
with a mean (± SD) age of 35 (± 11) years at baseline. A total of 2320 cases of 
overweight/obesity were identified during a median follow-up period of 10.3 
years. In the fully adjusted models, the overall provegetarian food pattern (PFP) 
was inversely associated with overweight/obesity incidence (HR comparing 
extreme quintiles: 0.85; 95% CI: 0.75–0.96; p-trend=0.014) (Table 2 in annex 15). 
As shown below in Figure 11, when we distinguished among healthful and 
unhealthful PFPs, we found a slightly stronger inverse association between the 
healthful PFP and overweight/obesity incidence (HR comparing extreme 
quintiles: 0.78; 95% CI: 0.67–0.90; p-trend<0.001), whereas null findings were 
observed for the unhealthful PFP (HR comparing extreme quintiles: 1.07; 95% 
CI: 0.92–1.23; p-trend: 0.551) (Table 2 and Figure 2 in annex 15). Consistently, 
absolute average yearly weight change (g/y) modestly decreased across 
quintiles of overall and healthful PFPs and remained fairly constant across 
quintiles of the unhealthful PFP (Table 3 in annex 15). 

 

Figure 11. HRs and 95% CIs for incident overweight/obesity according to quintiles 
of three provegetarian food patterns. 
Source: Figure 2. Gómez-Donoso C, Nutrients 2019. 
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Further details –methodology specifics, scoring criteria (Table 1), baseline 
characteristics of participants (Supplemental Tables 2-4), results tables and 
figures (Tables 2-4 and Figures 1-3)– can be found in the research article 
published in Nutrients (annex 15). 
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4.4. Publication 4 
 

Association between the nutrient profile system underpinning the 
Nutri-Score front-of-pack nutrition label and mortality in the SUN 
project: A prospective cohort study 
 

This study included 20,503 participants  from the SUN prospective cohort 
with a mean (± SD) age of 38 (± 12) years at baseline. A total of 407 deaths were 
identified during a median follow-up period of 10.9 years. Among 407 all-cause 
deaths, 208 deaths were attributed to cancer and 83 to cardiovascular disease. A 
higher FSAm-NPS score was directly associated with a higher rate of all-cause 
and cancer mortality in all models. The HR for all-cause mortality in the highest 
versus the lowest FSAm-NPS DI quartile was 1.82 (95% CI: 1.34–2.47; p-
trend<0.001) in the fully adjusted model (Table 2 in annex 16). Consistently, 
multivariable-adjusted Nelson-Aalen curves exhibited a progressively higher 
cumulative hazard rate of all-cause mortality across increasing FSAm-NPS DI 
quartiles (Figure 1 in annex 16). For cancer mortality, the fully-adjusted HR in 
the highest versus the lowest FSAm-NPS DI quartile was 2.44 (95% CI: 1.54–3.85; 
p-trend<0.001). No significant associations were observed for cardiovascular 
mortality (Table 2 in annex 16). 

 
Figure 12 below shows that results remained substantially unchanged in 

the alternative scenarios assessed in sensitivity analyses, suggesting that the 
direct association between FSAm-NPS DI and mortality was robust (Figure 2 in 
annex 16). Remarkably, assigning an A score (i.e., the highest nutritional quality) 
instead of a C score to olive oil strengthened the association between FSAm-NPS 
and all-cause mortality. 
 

Further details –methodology specifics, scoring criteria (Supplemental 
Table 1), baseline characteristics of participants (Table 1), results tables and 
figures (Tables 2 & 3 and Figures 1 & 2)– can be found in the research article 
published in Clinical Nutrition (annex 16). 
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Figure 12. Subgroup and sensitivity analyses for the association between the Food Standards 
Agency Nutrient Profiling System (modified version) Dietary Index (FSAm-NPS DI) and all-
cause mortality (HR and 95% CI for extreme quartiles). 
Source: Figure 2. Gómez-Donoso C, Clin Nutr 2020. 
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4.5. Publication 5 
 
Public support for healthy supermarket initiatives focused on product 
placement: a multi-country cross-sectional analysis of the 2018 
International Food Policy Study  
 

This study included 22,264 participants  from the IFPS (Australia: n=4,004; 
Canada: n=4,288; Mexico: n=4,082; United Kingdom: n=5,367; United States: 
n=4,523) with weighted mean age (± SD) of 46 (± 20) years. As Figure 13 shows, 
most respondents supported the initiatives presented to them, although the level 
of support differed according to country and type of initiative (Figure 1 in annex 
17). Public support was lower for more restrictive measures related to product 
positioning (i.e., banning or limiting unhealthy foods from dynamic promotional 
displays). On the other hand, the most supported initiative overall and across 
countries targeted availability (i.e., more shelf space for fresh and healthier foods) 
rather than positioning. Support was generally lowest in the US and highest in 
Mexico, although between-country differences varied across initiatives.  
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In general, respondents across the total sample did not show much 
opposition to any of the initiatives (2.5–14.2%), and there was a large proportion 
of neutral responses to most initiatives (25.5–37.2%). 

Overall, respondents who were older, female, highly educated, and 
reported having more nutrition knowledge tended to be more supportive of all 
the assessed supermarket initiatives (Table 2 in annex 17). 

Further details – methodology specifics, sociodemographic characteristics 
of participants (Table 1), results tables and figures (Table 2 and Figure 1) – can be 
found in the research article submitted to the International Journal of Behavioral 
Nutrition and Physical Activity Clinical Nutrition (annex 17). 
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5. DISCUSSION 
 

5.1. Summary of key research findings 
 

This thesis includes three longitudinal studies assessing the effect of 
several dietary patterns and recommendations on the risk of overweight and 
obesity among middle-aged Spanish university graduates, a study 
prospectively validating the health relevance of the nutrient profile model 
underlying the Nutri-Score in the Spanish context, and a multi-country cross-
sectional study describing the level of public support for supermarket 
initiatives focused on product placement. The findings of these studies 
contribute to building evidence about what dietary factors and approaches 
may be more relevant for improving population health, with an emphasis on 
overweight and obesity prevention.  

 
In the first research article, results suggested that there is an inverse 

association between adherence to the Spanish food pyramid (issued by the 
SENC) and overweight/obesity risk. Nevertheless, we also found evidence that 
different definitions for the frequency of occasional consumption could lead to 
substantially different results. Currently, the food pyramid does not provide 
clear quantitative guidance for food groups limited to an occasional 
consumption (i.e., red and processed meats, sweets, salty snacks and 
spreadable fats). Importantly, when we investigated the individual effect of the 
food pyramid components, the only single component significantly related to 
overweight/obesity risk was red and processed meat. On the other hand, no 
consistent trends were found for the hydration pyramid, which recommends 
daily consumption of sugar-free soft drinks, sports drinks and commercial fruit 
juices, and a weekly occasional consumption (once more, without further 
definition) of sugar sweetened beverages. Taken together, results from our 
study show that recommendations from the SENC dietary guidelines may only 
be partly effective in preventing overweight and obesity. 

 
In the second research article, we built an a-priori dietary pattern based 

on 14 food groups specifically focused on prevention of long-term weight gain 
and we found that overweight/obesity risk decreased monotonically across 
successive categories of this score. A higher score reflected a higher 
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consumption of mostly plant-based nutritious foods and a lower consumption 
of risk-promoting dietary components such as red and processed meat and 
UPF. In particular, low intake of processed meats and sugary beverages were 
the main factors driving the association between a higher DOS and lower risk 
of overweight/obesity. This association was expected as dietary choices 
represent a widely recognized target for addressing and preventing obesity. 
However, the monotonic trend suggested that obesity could be largely 
prevented by maximizing adherence to a protective dietary pattern. We must 
take advantage of these findings and the fact that obesity is partly preventable 
through diet as it is extremely difficult to reverse weight gain. Targeted 
counseling on dietary habits by healthcare providers should start earlier, 
encouraging patients to take action at the first few pounds of weight gain, not 
waiting until someone is overweight or obese and has developed the many 
resulting complications. Placing the focus on increasing recognition and 
raising awareness of the main dietary risks (i.e., processed meats and sugary 
beverages) and their associated health harms could perhaps help to increase 
the chances of people following anticipatory guidance. Beyond weight gain, in 
another recently published study we found that, based on data from five 
systematic reviews and the Spanish National Statistics Institute, the 
population-level benefit of reducing red or processed meats consumption to <3 
servings/week on mortality is also considerable [135].  

 
In the third research article, we found an inverse association between 

higher baseline adherence to an overall and healthful provegetarian food 
pattern and overweight/obesity risk. Consistently with the previously 
described findings, this association was not apparent for the unhealthful 
version that positively weighted the consumption of less-healthy plant foods 
(natural fruit juices, potatoes, refined grains, pastries, sugary beverages). It is 
worth noting that in other studies potatoes in particular have shown mixed 
results in relation to health outcomes [136,137]. Findings also seem to differ 
based on population contexts [138,139], so future studies may consider 
assigning reverse scores only for fried potatoes. Overall, from a public health 
perspective, focusing solely on plant or animal origin of foods may not be the 
most effective message in terms of obesity prevention. Additionally, this study 
represents a call for evidence regarding the effects on health of innovatively 
processed plant-based products that are becoming increasingly common 
among consumers. In order to benefit both the health of individuals and the 
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planet, the adoption of provegetarian food patterns should be encouraged 
making emphasis on the importance of prioritizing minimally processed plant-
based foods like fruits, vegetables, whole grains, nuts and legumes.  

 
In the fourth research article, we found that a higher FSAm-NPS DI 

score (i.e., consuming food products with a lower nutritional quality according 
to the Nutri-Score label) was associated with a higher rate of all-cause and 
cancer mortality, whereas no association was found for cardiovascular 
mortality. This lack of association was probably due to methodological 
limitations, as explained in the next section. Additionally, we provided new 
evidence on the consistency between the nutrient profiling system underlying 
the Nutri-Score and both Mediterranean and national dietary 
recommendations, thereby supporting the suitability of the adoption of Nutri-
Score in Euro-Mediterranean countries and specifically in Spain. Importantly, 
reclassifying olive oil score from a medium score (C-yellow) into the best 
possible score (A-dark green) strengthened the association between Nutri-
Score and all-cause mortality in the Spanish context. This finding, together 
with the sizeable percentage of total calories provided by olive oil in traditional 
Mediterranean diets and the strong scientific evidence supporting the health 
benefits of olive oil [140], supports the case for reassessing the way in which 
olive oil is integrated in the Nutri-Score computation. Such reconsideration 
could also improve consistency with the landmark trial PREDIMED 
(Prevention with Mediterranean Diet), which showed that a Mediterranean 
Diet supplemented with extra-virgin olive oil was associated with a reduced 
risk of breast cancer, cardiovascular disease and type 2 diabetes among 
individuals at high cardiovascular risk [141-143]. 

 
Finally, in the fifth research article, we found that there is a high level of 

public support for placement initiatives in supermarkets to encourage healthy 
food choices. Support varied by type of initiative (i.e., product positioning or 
availability) and was influenced by several factors related to country context 
and sociodemographic characteristics. The initiative that received the highest 
support was ‘more shelf space for fresh and healthier foods’: 72.0% (95% CI 
71.3–72.7), whereas ‘checkouts with only healthy products’ received the lowest 
support: 48.6% (95% CI 47.8–49.4). Local consultation with retailers could be 
helpful to understand the degree to which these findings could feasibly 
influence their marketing practices. This evidence may be used by 
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governments, public health groups and civil society organizations to advocate 
for healthier supermarket food environments, and should also encourage food 
retailers to innovate in this regard. 

 

5.2. Methodological considerations 
 

In order to reflect on the accuracy and precision of the observed 
associations, it is important to take into account potential sources of estimation 
errors related to the study design and participants’ characteristics. While 
random or non-differential errors have an impact on the precision of an 
estimate, systematic or differential errors (also known as biases) impact the 
accuracy and validity of observed associations. 

 
The precision of the estimated effects is related to the statistical power of 

the study, which , in turn, greatly depends on the sample size and specifically 
on the number of incident cases when it comes to prospective cohort studies. 
The measure reflecting the level of precision in our findings is the CI (i.e., the 
narrower the interval, the higher the precision). In particular, 95% CIs indicate 
that, if a given study was replicated 100 times, the true population value would 
lie within the CI 95 times. If the CI does not include the null value (HR/OR=1), 
it is unlikely that the results are due to chance and therefore can be considered 
statistically significant. Whereas our findings related to dietary patterns and 
recommendations and risk of overweight/ obesity were statistically significant, 
those in relation to the nutrient profile underpinning the Nutri-Score and risk 
of cardiovascular mortality were not, probably given the low rate of 
cardiovascular disease incidence among the young and educated SUN cohort.  

 
Regarding validity, there are several aspects (related to both the study 

design and analysis) that need to be considered. In the studies based on data from 
the SUN cohort (publications 1–4), the main limitations are related to the 
characteristics of participants and the reliance on self-reported data. Overall, 
participants are young adults (median age: 35 years; interquartile range: 27–45), 
and most of them are graduates from health-related fields (55%) and have a paid 
employment (76%). Highly educated participants willing to participate in the 
study also tend to be more health conscious and have healthier habits than the 
general population (i.e., approximately 70% of participants practice regularly 
some physical exercise). This restriction to university graduates enhances the 
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internal validity of the study as it provides sample homogeneity and reduces 
potential confounding by educational level, which can be considered a proxy of 
socioeconomic status [109]. Additionally, it improves the quality of the self- 
reported information. Although participants in the SUN cohort are not 
representative of the general population, which  limits the external validity of 
our results, “it is not representativeness of the study subjects that enhances the 
generalization, it is knowledge of specific conditions and an understanding of 
mechanism that makes for a proper generalization” [144]. In this sense, the dose-
response trend found in our results, as well as the consistency with previous 
studies and the existence of biological plausibility confer high potential of 
causality for the effect of food-based dietary patterns and the nutrient profile 
underpinning the Nutri-Score on the risk of overweight/obesity or mortality in 
the Spanish context. Nevertheless, it must be considered that there are also 
potential mechanisms related to socioeconomic inequalities in the retail food 
environment underlying the association between diet and obesity [145].  

 
In addition, dietary intake was self-reported through a FFQ so potential 

measurement error of the exposure, inherent to the methodology, could exist. For 
example, over or underreporting may occur due to errors in estimating portion 
sizes, possible omission of foods consumed by individuals that were not included 
in the predefined FFQ list, and/or the influence of social desirability bias on 
participants’ ability and willingness to accurately report this information. 
However, the FFQ has been previously validated [128,129] and this approach to 
assess habitual dietary intake in large cohorts is in line with best practice 
recommendations. Moreover, in our analysis we excluded participants with 
implausible energy intakes; adjusted food consumption for total energy intake 
by using the residual method separately for men and women; and used repeated 
measures of diet, which reduces potential measurement errors [130]. Although 
FFQs allow good estimations of usual dietary intakes, their ability to discriminate 
the nutritional quality of individual food products is limited when they are 
collapsed into aggregated food groups. This particularly affects the study 
findings regarding the association between the Nutri-Score’s nutrient profile 
model and risk of mortality. On another note, the self-reported nature of the 
outcome can also lead to misclassification. In this respect, self-reported weight 
and BMI were previously validated in a subsample of the cohort finding good 
correlation, specificity and sensitivity results [132]. Deaths were ascertained 
through the Spanish National Death Index and the National Statistics Institute 
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so, given the comprehensive and mandatory nature of these sources, the 
possibility of misclassification can be considered very low. 

 
Strengths of the studies undertaken within the SUN cohort include the 

availability of detailed data on health-related factors that enabled us to control 
for the most relevant potential confounders in our analysis. However, there is 
still potential for unmeasured confounding factors (e.g., from environmental 
factors that were not taken into account) or error measurement, so the existence 
of residual confounding cannot be ruled out. Importantly, its prospective design 
allows to establish a temporal relationship between the exposure and the 
outcome. Other strengths include a high retention rate (91%, although response 
ware was only 10%), long follow-up (median of 10 years), relatively large 
analytical sample sizes (>10,000 participants), a sufficient number of 
overweight/obesity cases (>2000),  and the performance of a wide variety of 
sensitivity analyses.  

 
In publication 5, based on the IFPS, the main limitations were related to 

non-probability-based sampling, use of self-reported data and cross-sectional 
analysis. Given that respondents were recruited using non-probability based 
sampling, the sample cannot be considered to be nationally representative. 
Although this limitation was compensated by applying sampling weights based 
on age, sex, region, ethnicity and education, the Mexico sample in particular 
included individuals with higher levels of education compared with census 
estimates, and the proportion of respondents who reported a BMI that would be 
categorized as having obesity was somewhat lower than national estimates in 
each of the five countries. In addition, as previously mentioned, all self-reported 
information is subject to measurement error. While all self-reported variables 
(i.e., support for supermarket initiatives and sociodemographic determinants) 
have strong face validity, actual validity or reliability haven not explored for any 
of the measures used. However, all were derived from existing instruments and 
in many cases it would be hard to know what a ‘gold standard’ measure should 
be for validation. As with all self-reported data, it may also be subject to social 
desirability bias. This could affect between-country comparisons to the extent 
that the samples across the five countries differed with respect to characteristics 
or biases influencing self-reported information. Additionally, as a cross-sectional 
analysis, it provides a snapshot of the level of support for supermarket initiatives 
but there is no evidence of a temporal relationship between potential explanatory 
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variables and outcome. Although the cross-sectional design is appropriate for 
understanding the ways in which support and its determinants vary between 
countries, the ongoing surveys conducted annually will provide further insights 
into how (if) support changes over time. 
 

Lastly, key strengths of this study include the possibility to include multi-
country comparisons using a relatively large sample size, with consistent 
recruiting approaches used across countries. Although it did not include Euro-
Mediterranean countries like Spain, this study is the most comprehensive multi-
country investigation exploring support for supermarket initiatives focused on 
product placement, both in the diversity of countries and factors evaluated.  

 

5.3. Implications and public health recommendations 
 

Dietary patterns proven effective for providing recommendations for 
overweight and obesity prevention can take diverse forms, all of which share 
commonalities: high intake of plant-based minimally processed foods (e.g., 
fruits, vegetables, legumes, nuts, whole grains) and low intake of red and 
processed meat, animal saturated fat (e.g., butter, lard and cream), sugary 
beverages (i.e., soft drinks and fruit juices), and other UPF (e.g., breakfast cereals, 
pastries, confectionery and sweetened dairy desserts). This could be clearer 
reflected in the Spanish dietary guidelines issued by the SENC, which need to 
provide a definition for ‘occasional consumption’ when referring to the food and 
beverage groups that should be limited. In addition, guidelines’ periodic updates 
should be more aligned with public health evidence and priorities.  

 
Given the increasing variety of all kind of food products, FOPNL systems 

like Nutri-Score can serve as a useful tool to help consumers identify which ones 
have the most favorable nutritional profiles. Importantly, the Nutri-Score 
algorithm is among the few nutrient profile models being used in government-
led nutrition policies that have been subjected to predictive validity evaluating 
associations with health outcomes in different contexts [117]. This represents a 
significant advantage over other systems, as evidence from prospective cohort 
studies provides the most robust demonstration of the relevance and reliability 
of the algorithm underpinning a FOPNL systems. Moving forward, there are 
some lessons that can be learned from the HSR system, which also originated 
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from the UK Ofcom nutrient profile model –like Nutri-Score– and was 
voluntarily adopted by Australia and New Zealand in 2014.  

 
Evidence from the HSR shows that the uptake of voluntary FOPNL 

schemes is slow and insufficient [146]. A review of the voluntary HSR reported 
that, after four years, stars were still on less than one third of eligible products in 
Australia, with scores skewed towards the upper end of the five-star scale. 
Although initially unhealthy foods are less likely to adopt HSR, it has been 
observed that reformulation changes following voluntary HSR labelling are 
greater for those products [95]. Overall, these findings suggest that mandatory 
labelling has the greatest potential for improving the healthiness of packaged 
foods, as voluntary schemes could be advantageously used by industry to confer 
marketing benefits. Mandatory FOPNL systems are increasing globally, 
including recent initiatives in Mexico, Iran, Chile, Sri Lanka, Peru, Uruguay and 
Israel [90]. In addition, it has been argued that, when comparing nutrient profile-
informed FOPNL systems like the HSR with the NOVA classification, the HSR 
system could be inadvertently providing a ‘health halo’ for some UPF [147]. This 
same concern has also been expressed for Nutri-Score in the Spanish press [148]. 

 
In view of this, the usefulness of nutrient-based indices against food and 

diet-based indices to assess the health potential of foods has been questioned. 
Food-based indices like NOVA, which categorizes food according to the extent 
and purpose of industrial processing, broaden the scope for nutrition 
classification taking account of the structure (food matrix) and composition 
(ingredients) of foods. NOVA has been applied extensively in epidemiological 
research, with a systematic review and meta-analysis which I co-authored 
demonstrating consumption of UPF is associated with increased risk of 
overweight, obesity, metabolic syndrome, depression and all-cause mortality 
[73]. This has led to some public health guidelines using NOVA as the basis for 
dietary recommendations [149]. Nevertheless, it is important to note that it is not 
yet clear how non-nutrient based classification systems could be applied in food 
policies like FOPNL. Similarly, diet-based indices reflecting dietary patterns 
assess the health potential of individual foods based on their inclusion in a 
healthy dietary pattern and have shown to be useful in epidemiological research 
and dietary guidelines [42], but there are currently no examples of applying this 
kind of index to a FOPNL system.  
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Therefore, at this stage, it is justified to give credit to nutrient profile 
models for their relevance to inform FOPNL systems. Likewise, food and diet-
based indices have their own role in developing dietary guidelines and shaping 
healthier retail food environments accordingly. In this sense, the message that 
must prevail is to primarily consume whole and minimally processed foods that 
are known to be part of healthy dietary patterns (e.g., fruits, vegetables, legumes, 
nuts, whole grains – as previously noted) and, when consuming any other food 
product, choose the version rated more favourably by FOPNL systems. 
However, structural interventions are also required to increase access to 
convenient, palatable and affordable minimally processed food, and to avoid 
over-reliance on nutrient reformulation [38]. In light of robust evidence showing 
that energy intake and body weight increases are not only driven by the 
unhealthy nutrient profile (i.e., high in sugar, fat and salt) of UPF [150], a focus 
on nutritional reformulation of critical nutrients may not necessarily be effective. 
It has been suggested that other dietary factors like oro-sensory properties, eating 
rate and energy density may be facilitating overconsumption and contributing to 
the development of obesity [151]. Nevertheless, ultra-processing also drives 
overconsumption through wider, non-biological mechanisms, and intervening in 
this regard could lead to greater global improvements in health than solely 
focusing on modifying the nature of UPF.  

 
Consequently, it is important to implement broader and braver public 

health policies in conjunction with FOPNLs to encourage and favour the 
consumption of whole and minimally processed foods. Examples include fiscal 
measures, advertising regulations, plain packaging policies and school-food 
restrictions, among others [152]. Additionally, as previously argued, retailers 
such as supermarkets are one of the main sources of food and could contribute 
to moving the focus away from unhealthy foods by implementing initiatives such 
as those that have shown widespread public support in the multi-country study 
included in this thesis (e.g., use prominent locations to promote healthier food 
and increase shelf-space for whole foods). In fact, public health strategies such as 
FOPNL could be undermined by current food retail environments 
predominantly driving consumption of unhealthy foods. It is worth noting that 
there is also an existing high pressure from food manufacturers, which spend 
large amounts of money to ensure their products occupy the most visible stores’ 
spaces, that makes change difficult [153]. Governments should consider stronger 
policy intervention where voluntary company actions are insufficient [154].  
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5.4. Future research directions 
 

In recent years, food classification systems based on degree and purpose 
of processing (mainly NOVA) have been gaining a lot of attention given their 
ability to capture and define an ample group of foods and beverages that can 
have detrimental effects on population health outcomes when consumed 
habitually. Although it remains unknown what it is about ultra-processing that 
promotes overconsumption and weight gain, public health action can still be 
justified in the meantime. In fact, reducing consumption of UPF is already part 
of national dietary guidance in Brazil, encouraging greater reliance on home 
food preparation. Given the increasing trend of UPF consumption worldwide, 
future studies should focus on understanding and addressing the current 
barriers to home cooking.  

 
Additionally, it remains important to better understand the underlying 

mechanisms through which regular UPF consumption can be harmful in order 
to determine the adequacy of current FOPNL systems that promote nutrient 
reformulation. There have been some initiatives in the private sector proposing 
alternative algorithms to assess the healthiness of foods, such as Siga [155], 
which combine criteria related to both nutritional content and level of 
processing. However, they have not been scientifically validated. Moving 
forward, it should be evaluated whether it makes more sense to combine 
different food dimensions to obtain an overall score or to keep this criteria 
separate. This could contribute to continue developing less reductive and more 
comprehensive dietary frameworks. Furthermore, given the central role of 
labelling and marketing in UPF corporate strategies, recent initiatives on food 
labelling could go further, disallowing all types of nutrient, ingredient, and 
health claims and restricting the advertising, prominent positioning and 
availability of UPF. 

 
In order to facilitate food retailers to increase their alignment with dietary 

recommendations, a broader set of different interventions (e.g., based on 
education, food labelling, price promotions) should be explored in future 
studies to deepen our understanding on which types of retailer initiatives are 
likely to attract more support. It would also be relevant to assess if public 
support varies depending on whether the intervention is led by supermarkets 
or regulated by governments. Nevertheless, it is important to consider that this 
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support does not necessarily translate into public demand driving change. One 
potential way to encourage change within food retailers is to publicly 
benchmark companies against nutrition targets and against their competitors. 
Where industry nutrition policies and practices are shown to be weak, 
benchmarking and accountability initiatives can serve to highlight the need for 
greater structural measures in the area of dietary risks and obesity prevention. 
This is already being done in other countries like Australia and the UK and 
should be applied in the Spanish context.  
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6. CONCLUSIONS 
 

6.1. GENERAL CONCLUSION 
 

Overall, the findings suggest that obesity could be partly prevented by 
targeting improvements in dietary patterns before the onset of overweight. 
Dietary recommendations aimed at primary prevention of obesity in the Spanish 
context should: 1) be clear about the non-recommended intake of  “occasional” 
food like red and processed meats, 2) place emphasis on preferentially 
consuming healthy plant-based foods and 3) reflect the health risks of currently 
available ultra-processed foods, while acknowledging the influence of 
environmental factors on dietary behaviour. It would therefore be equally 
important to complement dietary guidance with food policy strategies and 
stakeholder initiatives that contribute to developing healthier food 
environments. This work specifically supports the validity of the nutrient profile 
system underpinning the Nutri-Score front-of-pack nutrition label and the 
adoption of product placement supermarket initiatives. 

6.2. SPECIFIC CONCLUSIONS 
 
1. The highest level of adherence to an a-priori dietary score reflecting the 

recommendations provided by the Spanish Society of Community Nutrition 
(SENC) food pyramid was inversely associated with the incidence of 
overweight/obesity, whereas no association was found in relation to 
adherence to the hydration pyramid recommendations in a large prospective 
cohort of Spanish middle-aged adults. 

 
 

1.1. The analysis of the individual effect of the food groups comprising the 
food pyramid showed that red and processed meat consumption was 
significantly associated with the risk of overweight/obesity. 

 

1.2. The protective effect of the food pyramid in relation to the risk of 
overweight/obesity could be dependent on the maximum recommended 
frequency of occasional food consumption and the moderate 
consumption of fermented alcoholic beverages. 
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2. The risk of developing overweight/obesity decreased monotonically across 
successive categories of a newly proposed Dietary Obesity Prevention Score 
(based on the consumption of vegetables, fruits, legumes, yogurt, nuts, fish, 
vegetable-to-animal protein ratio, red and processed meat, saturated animal 
fat, refined grains, ultra-processed foods, sugary beverages, beer and spirits) 
in a large prospective cohort of Spanish middle-aged adults. 
 

2.1. The analysis of the relative influence of each of the food groups showed 
that low intakes of processed meats and sugary beverages were the main 
factors driving the association between a higher score and lower risk of 
overweight/obesity. 

 
 
3. The highest level of adherence to an a-priori defined provegetarian food 

pattern was inversely associated with the incidence of overweight/obesity in 
a large prospective cohort of Spanish middle-aged adults.  
 

3.1. The analysis of the effect of distinguishing between healthy and less-
healthy plant foods showed that the association was stronger for a 
healthful provegetarian food pattern and was not apparent for an 
unhealthful version. 

 
 

4. A higher Food Standards Agency Nutrient Profiling System (modified 
version) Dietary Index score, reflecting consumption of foods with lower 
nutritional quality and hence less favourable Nutri-Score rating, was directly 
associated with all-cause mortality and cancer mortality, whereas no 
association was found for cardiovascular mortality in a large prospective 
cohort of Spanish middle-aged adults. 

 

4.1. The analysis of the effect of assigning olive oil the highest nutritional 
quality strengthened the association between the dietary index reflecting 
the nutrient profiling system underlying the Nutri-Score and all-cause 
mortality in the Spanish context. 

 

4.2. The nutrient profiling system underlying the Nutri-Score was consistent 
with both Mediterranean and Spanish (SENC) dietary recommendations. 
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5. There was ample support, and not much opposition, for healthy supermarket 
initiatives focused on product placement among respondents in a multi-
country cross-sectional analysis of the International Food Policy Study.  

 

5.1. The analysis of differences between countries showed that support for all 
assessed supermarket initiatives was generally lowest in the United 
States and highest in Mexico. 
 

5.2. The analysis of differences within countries showed that respondents 
who were female, older, highly educated, and reported having more 
nutrition knowledge tended to be more supportive of initiatives. 
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Annex 1 
Baseline questionnaire (Q0) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



1.Sexo 2.Cludad 

Varón ---= 
Mujer ---= 

donde vives -------------------------------------------

Código postal 
ciudad donde 

vives 

¿Desde hace 
cu.intos años? 

3. Fecha de Nacimiento 
Dfa Mes Año 

1 1 1 1 1 

~~¡~~:~~ 
2:i ¿j¿ ¿¡¿ ¿ 
22: 2i22 

c::::::Jc::::::J: c::::::J:c::::::Jc::::::J 
3 3¡ 3¡3 3 

c:::::::ic:::::::i: c::::::J:c::::::Jc::::::J 
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¿¡ ó!óó 
ei eie e c::::::J: c:::::J:c::::::Jc:::::J 

¿i ¿!¿¿ 
¿ ¡ c:!:i ic!:i ¿ 
ói óióó 
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c:::::J C=:J c:=:J c:::::J C=:J c:::::J C=:J c:::::J c:::::J C=:J 

o 1 2 3 4 5 6 7 8 9 
========== 
~ ¿ 6 ó c!:i ó c!:i ¿ c!:i c!:i 
~ ¿ 6 ó c!:i ó c!:i ¿ c!:i c!:i 
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c::::::Jc::::::Jc::::::J c::::::Jc::::::Jc::::::Jc::::::Jc::::::Jc::::::Jc::::::J 

o 1 2 3 4 5 8 7 8 9 
c::::::Jc::::::Jc::::::J c::::::Jc::::::Jc::::::Jc::::::Jc::::::Jc::::::Jc::::::J 

o 1 2 3 4 5 8 7 8 9 
========== 

4. Peao actual 5. Tall~altura) 
(Kg.) ac:tu {cm.J 

1 1 1 1 

~~~ ~~~ 
2:i ¿¿ ¿ 2:i 2:i 

2 2 2 
=== 

2 2 2 
=== 

3 3 
== 

3 3 
== 

4 4 
== 

4 4 
== 

¿¿ ¿¿ 
c!:i~ c!:i c!:i 
¿¿ ¿¿ 
c!:ió c!:i ~ 
ó c:!:i óó 

6. ¿Has cambiado de peso en los últimos 5 ailos? 
= No he cambiado de peso 
= Perdí peso: 1 • 2 Kg 

= Perdí peso: 3 - 4 Kg 
= Perdí peso: 5 - 10 Kg 
= Perdí peso:> 10 Kg 

7. Esbtclo clvll: 

= Gané peso: 1 - 2 Kg 
= Gané peso: 3 • 4 Kg 

= Gané peso: 5 - 10 Kg 

= Gané peso:> 10 Kg 

= He ganado peso por un embarazo 

= Soltero/a = Casado/a = Viudo/a = Separado/a = Otros 

n N.' DEBERÁS MARCARLO 

1 Piglna ______ ... = = = ¡ EN SU COLUlllNA CORRESPONDIEMTl: 

13. ¿Fumas actualmente en pipa o fumas 
pu roa? 

= SI = NO 

14. ¿Has convivido HABITUALMENTE con 
algún fumador?. Si es así, señala, por 
favor, los años en qua has estado pa
sivamente expuesto al humo •de se
gunda mano• del tabaco y el nClmaro 
aproximado de horas en que has estado 
expuesto cada dia por ténnlno medio. 

~~~¡~~~ 
¿ ¿ ¿ ¡¿¿ ¿ 
666!666 
óóóióóó 
¿ c!i ¿¡¿ ¿ c!i 
~ó~!óóó 
ó óóióó ó 
¿ ¿ ¿ ¡¿¿ ¿ 
c:!:i 6 c:!:i ic:!:i c!:i 6 
¿ ¿ ¿ ¡¿ ¿ ¿ 

En al hogar: axpo11ición pasiva 

= Nunca he 
estado expuesto Años de exposición Horas al dfa expuesto 

= < 1 ano = < 1 hora 

= 1-2años = 1 -2 horas 
Esposo/a 

3-5anos 3-5 horas = = fumador/a 
= 6-9anos = 6-9 horas 

= 10 +anos = 10 +horas 

= < 1 año = < 1 horas 

Otro/s = 1-2anos = 1 -2 horas 

fumador/es = 3-5anos = 3-5 horas 

en caaa = 6·9años = 6 ·9 horas 

= 10 +anos = 10 +horas 

En el trabajo: exposición pasiva 

= Nunca he 
estado expuesto Años de exposición Horas al día expuesto 

= < 1 ano = < 1 hora 
Un sólo colega = 1-2años = 1 -2 horas 

= = -G_- _ 8. NClmaro da hQos: ______ (pobla _por •!ta lin~l!L_ ____ t?-::?>t-

1 2 3 4 5 s r e e 10 o mas 

fumaba en 3-5anos 3-5 horas 

lamlama -------- ------ -

= Ninguno ========= = 
9. ¿Cuántu pen10na1 en total viven ac:tu.lmente en tu hogar Incluyéndote tú? 

1 2 3 4 5 B 7 8 9 10 O més 
========= = 

10. ¿Cuál es el nlvel mú alto da estudios qua has completado? 

= No he acabado ninguna diplomatura ni licenciatura 
= Doctorado = Master 
= Licenciatura - Escuela técnica superior 
= Diplomatura (ingeniarla técnica - escuelas universitarias) 

¿Has tennlnado alguna de estas camiraa? 
= Medicina 

= Farmacia 
= Biológicas 
= Ninguna carrera biosanitaria 

= Enfermerra 

= Dietética 
= Otra carrera biosanitaria 

11. ¿Cuál• tu situación laboral? 

= Trabajo tiempo completo = A tiempo parcial 
= Paro = Jubilado/a 

= Amadecasa 
= Estudiante 

12. ¿Has fumado 100 clgarrlllos o más en toda tu vida? 

± 

= No 
{Pu••-•1111111) 

= Sí,ysigo 
fumando • N.0 cl911rrtllos I di• en promedio tumllclos a c:adll edad 

Clgmtllol/cll ----> NI ... 1~ s-14 111-M 21-34 -41+ 

< 15 ai'ios -----· = = = = = = = 
15-19 anos __ = = = = = = = 
20 -29 anos __ = = = = = = = 
30 - 39 anos __ = = = = = = = 
40 -49 anos __ = = = = = = = 
50 -59 anos __ = = = = = = = 
60 + al'los ------ = = = = = = = • 

= Sí,pero 
ya¡fumo 

¿Cu6ntv hlCll qu. cll)NW 
completamentll d• fumlr'I 

< 1 ª"º ---- = 
1-2anos . = 

f- 3-Sanos __ = 

6-9anos _ = 
10+anos __ = 

MARCA DE CIGARRILLOS (El•mplo: Martboro Ughla) ~ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
í~~~~~~~-Na-dollM~~ ......... ~~ .... ~-....,.~-....,~m-...,..~~~~~~~~ 

· ~~~~~~ 1 6bb~6bbbb :.__~~~~~~~~~~~~~~~~~~~~~~~ ..... 

habitación = 6-9anos = 6-9 horas 

= 10 +años = 10 +horas 

= < 1 ano = < 1 horas 
varios colegas 

= 1-2anos = 1 -2 horas 
fumaban en 

= 3-5años = 3-5 horas 
la misma 

= 6-9años = 6-9 horas 
habitación 

= 10 +anos = 10 +horas 

15. Porténnino medio en una Hmana típica, ¿cuántos días/semana 
bebes alcohol (vino, cerveza o licores destilados), incluyendo el 
que tomas en las comidas? 

Nunca o 
= casi nunca 1 2 3 4 5 6 7 

======= dlas 

18. ¿Cullntos dio/semana bebas vino en la comida? 

Nunca o 
= casi nunca 

17. ¿Culll fue el máximo nClmero de bebidas alcoh611cas (sumando 
vino, cerveza y llcor) que tomaste un día entre semana? 

= Ninguna 1-2 
= 

3-5 
= 

¿Y un dia de lln de semana? 

= Ninguna 
1-2 = 3-5 = 

8- 9 10 - 14 15 o més 
= = = 

e- 9 10 - 14 15 o mas 
= = = 

¿Y un día especial (celebración, boda, festividad)? 

= Ninguna 
1-2 
= 

3-5 
= 

6- 9 10 - 14 15 6 més 
= = = 

18. ¿Conducaa cuando haa bebido algo de alcohol? 

= No sé conducir = SI, aveces 
= Casi nunca = No, absolutamente nunca 

19. ¿Usas cuando vu en un coche? 
Cinturón da Hguridad = Sr = No siempre = Casi nunca 

Bol .. de aire (airbag) = Sr = No 
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20. Cuando haces ejercicio o deporte siguiendo tu modo típico de 
hacerlo, ¿cuál eren que es tu grado de intensidad en el 
esfuerzo?. Puntúalo de O (el mínimo poslble) a 10 (el máximo). 

= Nunca hago deporte ~ c1::i 6 6 ¿ 6 6 ~ 6 ~ ¿g, 
21. Habitualmente, ¿cul.nto tiempo andas al dla? 

= < 1 O minutos = 21 - 30 minutos 

= 10 - 20 minutos = 1/2 - 1 hora 

22. Tu paso habitual al andar por la calle ea ... 

= 1 -2 horas 

= > 2horas 

= Lento = Normal, medio = Rápido = Muy rápido 

23. ¿Cuántos pisos subes al dla por escalel'llS en total? 

= 2ómenos = 3-4 = 5-9 = 10-14 = 15ómás 

24. Por término medio, ¿cuántos kilómetros hacas al allo an cocha, 
ya see conduciendo tú o conduciendo otro? 

= < 1.000 = 10.001 - 20.000 = > 50.000 

= 1.001 - 10.000 = 20.001 - 50.000 

¿Yen moto? 

= Ninguno = 1.000-5.000 = > 10.000 

= < 1.000 = 5.001 - 10.000 

25. Nivel da colesterol (mg/dl) (sólo amlllisis hachos haca< 5 allos) 

= No me he hecho análisis = No recuerdo 

= < 180 (bajo) = 201·240 (algo alto) = > 300 (muy alto) 

= 180 - 200 (normal) = 241 · 300 (afto) 

¿Y de HDL (mg/dl)? 

= No me he hecho análisis = No recuerdo 

= < 35{bajo) = 36 - 60 (normal) = >60[alto) 

P6gina2 
28. Pulso en reposo (latid09/minuto, frecuencia cardiaca) = <50 = 71-80 = 101 -105 

= 50-60 

= 61-70 

= 81-90 

= 91-100 

27. Medicación actual. Marcar el uso HABrT\JAL: 
= No tomo ninguna medicación habnualmen1e 

= Aspirina~ 2 veces/semana 

= Otros analgésicos 

= Reductores de colesterol 

= Insulina 

= Antidiabéticos orales 

= Digoxina-<ligitálicos 

= Diuréticos 

= Beta-bloqueantes (Sumial, Tenormfn ... ) 

= Antagonistas del Calcio [Adalat, Manidón .. ) 

= Nitritos (parches, lsoket, cafinitrina ... ) 

= Otros antihipertensivos 

= Para controlar el peso 

= Antidepresivos 

= Tranquilizantes o inductores del sueno 

= Otros 

= 106-110 

= >110 

Por favor, •I tomu habltualment. otra medicación, lldjunt. DOSIS, 
FRECUENCIA Y DURACIÓN an un papel aparta. 

28. ¿Hac:ea ejercicio? 

= No 
1 

= Sl 
1 

29. ¿Cuánto tiempo por tiirmlno medio 
dedlCll8ta a las slgulenta actividades 
en el últlmo afto? 

FRECUENCIA MEDIA DURANTE LA SEMANA 
MESESALAfiilO 

MINUTOS I SEMANA HORAS I SEMANA 
NUNCA 1--,-.-4~~5-.-,,~-20~--51-+~<-,~~1-.1-,5~~2---3~~4--6~~7-.-,o~~~-,-, ..... ~-<-3~~-3-.,~~->-e__, 

Andar a pa .. arfu•ra et.o - (inclUJ9 911111) = 
Carn1r oh-• JCJ1111lng d•p.clo ·-·············-···- = 
Corn1r rn6e competitivo y r6pido (alletiemo, etc.) _ = 
PUMr en blclcletll ············-····-·············-···- = 

Blclclete •l6tlca ··-···· .... ····-····-···· ..... ····-···- = 

Nadar ·-···· ····-····-···· .... ····-····-···· ..... ····-···- = 

Tenia, frontón, aqunh, - de raqueta a pala ··- = 
Fjjlbol, futblto ·-····-···· .... ····-····-···· ..... ····-···- = 
otroa de equipo (blllonc.eto, blllonmano ... ) ··-···- = 

Balle, danu, awoblc ··········-····-·············-···- = 
ExcursloMS al mont., escallldll ··-···· ..•.. ····-···- = 
Glmnala ······-····-············-····-·············-···- = 
Cuidltdo del jlltdin y/a piacina, bricolaje, etc. ·-···- = 

Esqui, pallnY. ·····-···· .... ····-····-···· ..... ····-···- = 
Judo, karste u otr. arte. marcial• ....... ····-···- = 

v.aa ···-········-····-············-····-·············-···- = 
otras ecllvlclMles llelcae-4eporte no mencionad• = 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

30. Tlempo por término medio en las siguientes actividades en el últlmo afto. Distingue y contesta ENTRE SEMANA y FIN DE SEMANA 

TlEMPOALDIA 

DIA TIPICO DE TRABAJO ENTRE SEMANA 
311. 

NUM· <30 10 
CA •N. MN. 

HORAS/DIA 

Vertelevlal6n-Yldeo ····-···-········-····-············-· = = = Ó 6 Ó c!i Ó c!:i ¿ c!:i r1'::'J 
Sentado an111 pantalla ordenador ··-····-···· .... ····-· = = = Ó 6 Ó c!i Ó c!:i ¿ c!:i r1'::'J 
Conduciendo ·······-····-···-········-····-············-· = = = Ó Ó Ó c!i Ó c!:i ¿ Ó ~ 
Eetllr Hnt.do (en tobll) ····-········-····-············-· = = = Ó Ó Ó c!i Ó c!:i ¿ c!:i 8 
Donnlr por lea noci- ·-···-········-····-············-· = = = Ó 6 Ó c!i Ó c!:i ¿ c!:i r1'::'J 
Dannir luieata ····-····-···-········-····-············-· = = = Ó 6 Ó c!i Ó c!:i ¿ c!:i r1'::'J 
Tomando ehol (Wnlno) ···-········-····-············-· = = = Ó Ó Ó c!i Ó c!:i ¿ Ó 8 
Tomando ehol (invierno) ·-········-····-············-· = = = Ó 6 Ó c!i Ó c!:i ¿ c!:i r1'::'J 

N~· 
CA 

= 

= 

= 
= 
= 

= 

= 
= 

DiA TIPICO DE FIN DE SEMANA 
30-

<SO IO HORAS/DIA 
1111. •N. 
= = ¿ ¿ ó c!i ó c!:i ¿ c:!i r1'::'J 
= = óbóc!i óc!:i6c:!ir1'::'J 

= = óóóc!i óc!:ióc:!i 8 
= = ¿¿ óc!i ó c!:ió 68 
= = 

1 2 3 4 5 6 7 e 9+ 
c::::::Jc::::::Jc::::::Jc::::::Jc::::::Jc::::::Jc::::::Jc::::::J c::::::J 

= = 
1 2 3 4 5 6 7 e 9+ 

c::::::Jc::::::Jc::::::Jc::::::J c::::::Jc::::::Jc::::::J c:::::J c::::::J 

= = ó6ó c!i ó c!:ióó8 
= = óbóc!ióc!:ióc!:ir1'::'J 

l Salir con los arnlgm ···-···-········-····-············-· = = = Ó 6 Ó c!i Ó c!:i ¿ c!:i 8 
~ De ple anal lnl~o ····-···-········-····-············-· = = = Ó 6 Ó c!i Ó c!:i ¿ c!:i r1'::'J 
i Tarau dom6atlcae -····-···-········-····-············-· = = = Ó Ó Ó c!i Ó c!:i ¿ c!:i 8 

= 

= 
= 

= 

= 
= 

= óbóc!i óc!:ióc:!i~ 
= ó 6 óc!i ó c!:ió c!:i~ 
= ó6óc!ió c!:i ó ó8 

8 
1 
1 

Actividad en .. trab•lcunia lntenu 1 2 3 4 5 6 7 a 9 + 
queMllirmple ···-····-···-········-····-············-· = = = = = = = = = = = = = = = ó bóc!i óc!:i óc:!i~ 

© Departamento de Medicina Preventiva y Salud Pública UNIVERSIDAD DE NAVARRA 



31. Tensión arterial actual (mmHg) (sólo si fua tomada haca < 2 años) 

Sllltóllca (mú:lm•l 

= No me la he tomado 

= <100 = 111 -120 

= Me la lomaron, pero no recuerdo 

= 131-140 = 151-11110 = >17 5 

= 101-110 = 121-130 = 141-150 = 191 -175 

Dl..tóllca (mínima) 

= <80 

= 1111-70 

= 71 ·80 

= 81-110 

= 91 ·100 

= 101-110 

= 111 ·120 = >13 o 
= 121-130 

32. ¿Te has sometido a alguna de las siguientes exploraclonas o 
Intervenciones preventivas, SIN NECESITAR DE DICHAS 
PRUEBAS POR ENFERMEDAD?. Señala cada vez qua sa ha 
realizado la intervención (edad al realizarla) 

EDAD (AAOS) AL REALIZARLA 

INTERVENCIÓN NUNCA <25 25.44 45 ·1114 l!lllS 

R.vlal6n m6dlca gene111I ------ = = = = = 
Eleetrocardlog11111111 --- ---------- = = = = = 
Prueba de eafllerzo coronarla .. = = = = = 
Radiog111fia dat6rax ------------ = = = = = 
Sangra ocultll en heme -------- = = = = = 
Colonoacopl9/Slgmoldoacoplil = = = = = 
R.vlal6n dental ·----------------- = = = = = 
Prul6n lnt111ocular ·------------- = = = = = 
(Sólo muj•,..l Cltologia 
cuello ularlno (P11119nlcolau) --- = = = = = 
(8610 muja .... ) Mllmograll• ·---- = = = = = 
(8610 para varonn) D•ccl6n 
cllncar da próalata: 

Tacto rectal ·---------------------- = = = = = 
Ecoandl• ------------------------- = = = = = 
Antigeno prostitlco ·------------ = = = = = 

33. ¿Algún profeslonal te ha diagnosticado alguna vez alguna 
de las siguientes enfermedades?. 

ENFERMEDAD 

Dlllb9te9 ------------------------------------------------

Hlpertan•l6n ------------------------------------------

ColHlarol alto ---------------------------------------

Trlglldrldos lllto& -------------------------------------

Infarto da miocardio --------------------- ------------

Angina de pacho -------------------------------------

Cirugía coronaria ("by-pua"J.----------- --------- ---

AnglopluUa coron•rla .. ---- ------------- --------- ----

Accld•nla c.rabro-vmcui.r 
(trom-1....,,,balla·h•morragla cerabnol) ·---------

Tequlcardi. paroxfatlca -----------------------------

Fibrilación auricular ·----------------------------------

Aneurisma de llOl'lll -----------------------------------

lnsullcl•ncl• eanll..,. -- ---- ---------------------- ----

Embolia pulmonar ------------------------------------

Tromboaill 11t1nosa pariftrica ·------------------------

Claudlcacl6n lntermllante 
(lnauflclanclll arterlal partf6rlca) ---------------------

Accidenta de trtflco con fractura 
u hoapitaliaci6n de> 24 horu ----------------------

F111etu111 da Clldeni ------------------------------------

ArlrlUa raumlltolde -----------------------------------

Póllpoa •n colon a racto ----------------------------

Olc.ra gútrlca o duodenal ·--------------------------

Aama bronquial -------------------------- -------------

Bronqultla cr6nlca-Enllaama ------------------------

EDAD(AAOS) 
AL DIAGtil0STICO 

llJN· <:15 25· 45· l!B5 
CA 44 14 

===== 
===== 
===== 
===== 
===== 
===== 
===== 
===== 
===== 
===== 
===== 
===== 
===== 
===== 

===== 
===== 
===== 
===== 

--

NÚMERO 

1 Página -- ---- = .i. = = ¡ 1 1 1 1 1 

c!l::i c!l::i c!l::i c!l::i c!l::i c!l::i 
¿ ¿ ¿ ¿ ¿ ¿ 

En aste cuadro dabas repetir an las 666666 
8 caslllas superiores al número que 3 3 3 3 3 3 

t = = = = = = Hgura en el cuadro de la 1• página ¿¿¿¿¿::H~ 
y a continuación marcarlo Igual que ó ó ó ó ó ó lo has hacho anteriormente. 

66 c~::n:~66 

man:B as/. 1181 no MBlf/UllS 
¿¿¿¿¿:][:~ 

= = C) 4' i\¡i ~..::::i Ó Ó Ó Ó c~::n::!:i 
ó ó ó ó ó ó 

(Continúa pregunta 33) 
EDADJ:filOSb 

AL DIAG 0811 O 

ENFERMEDAD 
NUtf. 

<25 25· 41· l!'5 CA 44 14 

Cllcwlos jpledrn) •n i. vafeula ------------------- = = = = = 
Cllcwlos ran .... o c:óllco n.rrttlco ·---------- ....... = = = = = 
D-lón ---------------------------------------------- = = = = = 
Calara ... ----------------------------------------------- = = = = = 
Obnldad ----------------------------------------------- = = = = = 
Apn• del .... 110 --------------------------------------- = = = = = 
Clinc.r o tumo .... (Hftala el tipo) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = = = = = 
otras (1) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = = = = = 
otras (2) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = = = = = 
~- ------------------ - -

No debee mmn:ar ..tu t .... zonu aombraadu 

Cinc.ro §He!, ó ó ó c:!:i ó c:!:i ¿e!, e!:, I 
tumon111 

g ~óóóc:!:ióc:!:ióóó 

OtrM (1) §H ~ ó ó ó c:!:i ó c:!:i ¿e!, e!:, 1 
g c!ióóóc:!:ióc:!:ióóó 

OtrM (2) §a ~óóó6~6óc:l!::ió 1 g c!ióóóc:!:ióc:!:ióóc!:i 

34. ¿Padeció algún pariente tuyo alguna de las siguientes 
enfermedades? 

EDAD (AÑOS) AL DIAGNÓSTICO 

ENFERMEDAD NUNCA <25 25-44 45-84 l!'5 

lnfattil de { Pd ..... = = = = = mlocardlolmuerte 
eúbltll C81"dleem -.. -- = = = = = 

j 
-.. -- = = = = = 

C6neer .......... __ = = = = = da 
mama Ab.-m-.ia .. = = = = = 

Abuela.,....,.. -- = = = = = 
NINGUNO PADRE MADRE IERllANO 

Hlpertenal6n ------ --------- ________ --------- = = = = 
DI- ·------------------------------------ = = = = 
lll•l•norna --------- --------- ---- ---- --------- = = = = 
Cin-clepulrn6n --------- ---- ---- --------- = = = = 
can- de colon o .. c1o ___________ --------- = = = = 
P611poe en colon o - ·-- ---- ---- --------- = = = = 
0-ldad ·----------------------------------- = = = = 
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3& ¿Qué diagrame repreeenta mejor cómo ere tu •iluete corporal 
a cada edad? 

FIGURAS - 1 2 3 4 5 6 7 8 9 
Actullllclad •..••...•••.. = = = = = = = = = 
AlosSña ............ = = = = = = = = = 
"'" 20 •llot --·. ·---·. = = = = = = = = = 
A IN llO alla -·· ..•••.. = = = = = = = = = 
A los 40 ario. --·. ·---·. = = = = = = = = = 

36. Habllullmante cuando tomu el aol, ¿uus cramas pro18ctoru? 

= No tomo el sol = SI = No 

37. En la nlftez: o •daluQancla, despu6s de tomar el aol durante un 
nito larvo (>2 horu} aln c:rvma prot.ctoni. ¿qué tipo de nHICd6n 
tenfu en la piel? 

= Prácticamente ninguna = Sólo un ligero enrojecimiento 

= Quemarme = Quemaduras graves, doloros.u 

= Quemaduras graves, dolorosas, con ampollas 

38. Entre los 15 y los 20 allos ¿c:u6ntu vec:es tuviste quemaduras 
graves por el sol, con a.mpCllln? 

= Nunca 

= 3-4Veoee 

= 1Vez 

= ~Vecee 

= 2Veces 
= 10+Veoea 

38. Por favor, ¿puedea contar cu6nt:os lun1ra tlenN deade lu rodlllaa 
h..ta lo8 tobllloa, 1um1ndo ambaa plemn? 

= Me res\Jta Incómodo contarlas = Ninguno 

= M! = 1(~14 = 15-20 = ~21 

40. ¿Te consldaras una persona compel:lllva,. lnconformlata, 
luchldara, que H exige todo lo que puede en su tnlbe,lo, 
Incluso sa pida m'8 da lo que pueda? Punttílt9 ese O (lo 
m'8 conform!IU) a 10 (lo mis c:cmpetltlll'o). 

Conformista ~ Ó 6 6 ~ ~ ~ Ó ~ Ó ~ Competitivo 
41. ¿Te contidenit una penona tenH, a~ que .. pniocupa demeeiado 

de a. C09U, o ..... une pentOna que •11•18eetat1'9111~ 'I tranquila? 
Puntúate da o (lo m'8 rGlajaelo) a 10 (lo mh teneo). 

Relajado ~ Ó ¿ Ó c!i Ó c!i Ó c!i c!i 8 Tenso 

42. ¿Te con1ld1ra1 con sunclent:u Ncursoa, p ... paracl6n y 
autonomra para resolver los problamu qui H plantean en 
tu tnNJo, o d1p1ndn exd1.111Yamentlt d9 otros para ello?. 
Punt.Ciate d• O (lo mú aut6nomo) a 10 (lo mlls dependiente}. 

Autonomla ~ Ó 6 Ó c!i Ó c!i Ó c!i c!i 8 Dependencia 

43. Excluyendo tarwa doméeac:aa, ¿c:utíntaa hora trabal•• la eenmiat 

= Notrabajo = < 20 = 35-39 = 55-59 = 7~79 

= 20-24 = 40-44 = 60-64 = 80-84 

= ~ = 45-49 = 65-69 = ~95 

= 30-34 = 50-64 = 70-74 

44. ¿Cu6ntoa dlaa a la semana vas a comer a ca111l ln9dlo dfa? 

~ó66~ó~6 

45. ¿Padecu o has padecido elguna vu Insomnio? 

= Nunca = Rara vez = SI, y algo padeclénclolo 
= SI, antetiormente, pero ya no lo pad9200 

4f. ¿Roncee por la nocM? 

= No lo sé = Nunca = Raravez 

Pqlna4 

= SI 
LAS PREGUNTAS 47 A 54 SÓLO DEBEN CON'IESTARLAS 

LAS MUJERES (Zon1 sombreada suave) 

47. Edad ele la 
f)ffmera regla 

4f. SI han dlsapareddo lu regla. ¿A qu6 edad dn.,.recllron? 

~ _ ~esapareclclo, = = = = = = = = = No han AAos 11 2 3 4 5 6 7 8 9 1 
sigo teniéndolwl W O 1 2 3 4 5 6 7 8 9 l 

= ========== 
¿Cu61 "'911 causa de cesar In reglu?.-...111 ______ _. ... 

= Natural • = utero y ovarios 

= Cirugladedrgenos ~ ! = Oteronedamás 

= Qulmlot11raple ! = Ovartos nada más 
o Radioterapia 

= 0tras l111111111111111 I 
"º._"*-' ..... •--lnecl•-1'11 

41. ¿Hu tomado alguna vez terapia .ultllutlva para la 
menopau1l1 con atr6g1noe (honnonu sexualu}? 

= Nunca = Anteriormente = Ahora 
811• tomute o lu tomu ectualrnlflte: 
¿Durante cuánto <1 1 2 3 4 5 6 7 8 9 6 m6s 
tiempo(allosYl --··· = = = = = = = = = = 

Por favor, especlllca la marca 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

No debes llWl:W ..... _ eomlnecla oacura 

~ 50. ¿Hu aldo dllgnOltlcada d9 anfarmedad flbroqufstlca 
mamarla u otra enfermedad benigna da 1• mama? 

~ 

l 
~ 
¡ 

= No = SI --+ ¿hconf'lnn6 --+ = No = SI por blOflllla? 
51·Nllrnlf0deembaruos1 2 3 4 5 e 1 a 86rrál 

= Ninguno ========= 
4 (Pasa a le. página siguiente) 

52. Embanlzos mllltlpln (mellll04llgemeloe) 

= No Edld •r=le°"q""11""• "'lo-'tll'.=.•~lflta=:-~~----~ 
= SI~ AA08 1ó66~~¿ 1 w ~ócbó~ó~ó¿¿ 

n. Edad ele lo. amberllil!09: 
marca para cada 1110 da edad 11 11 completó un amN.l'azo 
de 8 6 rna. m"" e en eded, marce en Is otni columna 11 
fue un embarazo da menoa de 8 mena, lncfuyendo pérdida 
fltalA y abortOll. 

EMd 0!8 <I Edil O!t <& (*! 0!8 <I 
¡1111) - .,,... (111111 - - 1*111 - .,,... 
~1! = = %7 = = S9 = = 
18 = = 28 = = 40 = = 
17 = = 29 = = 41 = = 
18 = = 30 = = 42 = = 
19 = = 31 = = 43 = = 
20 = = 32 = = 44 = = 
21 = = 33 = = 45 = = 
22 = = 34 = = 48 = = 
23 = = a = = 47 = = 
24 = = 36 = = 48 = = 
25 = = 37 = = = = 
26 = = 36 = = 

~ 54. Comoprwnedlo,~ hlilc&lradola ladmdlrnllármdetu. N,IDI? 
J..._ __ = __ N_a_da __ = __ <_1_m_e_s __ = __ 1_~_m_~_es_= __ >_3_m_~_es __ __. 
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marca asf ~ asf no marques 

== _tY €) 4~~~ 

1 Pillglna ______ = = .i. = ¡ 

En nte cuadro debn repetir an las 
8 casillas auparloraa el número que 
figura an al cuadro de la 1ª piglna 
y a continuación marcarlo Igual que 
lo haa hecho anteriormente. 

ENCUESTA DIET~TICA 
Por favor, marca una única opción para cada alimento. 

NÚMERO 

1 1 1 1 1 

c!i c!i c!i ic!i c!i c!i 
óóók~óó 
666!666 
óóó!óóó 
c!:i c!i c!i ! c!i c:!:i c:!:i 
óóóióóó 
¿ ¿¿¡¿ ¿ ¿ 
¿ ¿ ¿ ¡¿ ¿ ¿ 
¿ ó ó ió ó ó 
¿ ¿ ¿ ¡¿ ¿ ¿ 

Para cada alimento, marca al recuadro qua indica la frecuencia da consumo CONSUMO MEDIO DURANTE EL AÑO PASADO 
por tármino medio durante el año puado. Se trata de tener en cuenta 

también la variación veranc/lnv1emo. Por ejemplo si tomas helados NUNCA AL MES A LA SEMANA AL olA 
4 vecesfsemana sólo durante los 3 meses de verano, el uso promedio o CASI lf--~1--~--~-----11---~--~--~---1 

al ano es 1/samana NUNCA 1 • 3 2 • 4 5 • 6 2 • 3 4 • 6 6 + 

i..ct. •nlal'll (1tu.,200 ce) ................ . ... ..... ..... ..... . . ............................ = 
i..ct. .. mldM...t.da (1fazll,200 ce) .... .... ..... ..... ..... .. ............................ = 
i..ct. d•nlltada(1tu.,200 ce) .......................................................... = 
i..ct. condenuda (1 cuchan1d•) •....•.•.•......•....•....•..........•....•....•......•.•.• = 
Nata o Cl'llmacle leche (112 taza) ............................................................. = 
BaUdoll de lacha (1vaso,2GO ce) ............................................................ = 
Y1111urt enlllro (1, 125 gr) ...................................................................... = 
Yogurt cleacr'lllRMlo (1, 125 gr) ....•....•.•.•......•....•....•..........•....•....•......•.•.• = 
PeUt •ul ... (1, 100 gr) ..•.•....•....•....•.•.•......•....•....•..........•....•....•......•.•.• = 
Requesón oc:~ada (112tua) ....•....•.•.•......•....•....•..........•....•....•......•.•.• = 
Queso an pon:lon• o cramoso (1, porcl6n) ............................................... = 
Otroe qu-: curadoa, eamicuradoll (Manchego, Bola, Emmental .•• ) (!O gr) . ..•.•.• = 
Queso blenco o finco (Burgm, cabra ... ) (50 gr) .. ..•.. ..•.. .... ....•....•....•.... ..•.•.• = 
NaUI._, ftan, pudlng (t taza, 200 ce:.) .•.•.•.... ..•.. ..•.. ..•.. .... ....•....•....•.... ..•.•.• = 
Haladoa (uno) ................................................................................... = 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

G- ---- ------------- (Dol!_la poi:_ esta ~naaJ ____________ b 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

Por favor, marca una única opción para cada allmento. 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

NUNCA AL MES A LA SEMANA AL DIA 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

Un plato o ración de 100-150 gr, excepto cuando se indica otra cosa OCASl lf---l~--~-~--~~--~-~--~---1 

NUNCA 1·3 2·4 5·6 2·3 4·6 6+ 

Huevoa da plllna (uno) •.•....•....•....•.•.• .... ..•.. ..•.. ..•.. .... ....•....•....•.... ..•.•.• = 
Pollo o payo CON plel ............................ ..... ..... ..... .... ................... ....... = 
Pollo o pavo SIN piel ............................. ..... ..... ..... .... ................... ....... = 
Cune de ternera o veca .......................... ..... ..... ..... .... ................... ....... = 
Cune de cerdo .•....•.•.•.•....•....•....•.•.•......•....•....•..........•....•....•......•.•.• = 
Carne de cordero . ................................ ..... ..... ..... .... ................... ....... = 
Conejo o liebre .... ................................ ..... ..... ..... .... ................... ....... = 
Hlgado .•.. ..•.. ..•.. ..•.•.•.•....•....•....•.•.•.... ..•.. ..•.. ..•.. .... ....•....•....•.... ..•.•.• = 
0tl'll9 Ylsce1'119 (•- coniz6n, molleJu) .................................................. = 
Jamón eenano o paleUlla .................... .... ..... ..... ..... . . . . ................... ....... = 
Jamón York, Jun6n cocido (1 lonclla) ...... .... ..... ..... ..... . . . . ................... ....... = 
Embutidos (cllorlza, aalclllc:hón, mortadela, 50 gr) ..•.. ..•.. .... ....•....•....•.... ..•.•.• = 
Salc:hlchu 150 gr) . ..•.•.•.•....•....•....•.•.•.... ..•.. ..•.. ..•.. .... ....•....•....•.... ..•.•.• = 
Pal6a, fola-graa (25 gr) ........................... ..... ..... ..... .... ................... ....... = 
Mon:llla (50 gr) .... ................................ ..... ..... ..... .... ................... ....... = 
H11111burgu ... (unidad) .•.•....•....•....•.•.•.... ..•.. ..•.. ..•.. .... ....•....•....•.... ..•.•.• = 
Sobl'll8ada (50 gr)/ alb6ndl11u 13 unldad•I .. ..... ..... ..... .... ................... ....... = 
Tocino, bacon, panceta (50 gr) ....•....•.•.•.... ..•.. ..•.. ..•.. .... ....•....•....•.... ..•.•.• = 
Paseado blanco: peKaelilla, merl¡ga, bellugo,-, lenguado 11 pi.to, piua o 1'11Ci6n) = 
Pescado azul: aanllnu, atún, bonito, caballa, aalrn6n (1 plmo, plaza o ración) ...... = 
Bacalao .. ..... ..... ................................ ..... ..... ..... .... ................... ....... = 
Pescados aaladoa y/o ahumacloa: aranquaa, aalrn6n . ..... .... ................... ....... = 
0atl'll8, almeja, mejlllonaa, lllc.. (1 unldadu) .............................................. = 
G11111baa, lengoatlnoa, c:lplaa, lllc.. ............. ..... ..... ..... .... ................... ....... = 
Pulpo, c:alllmaraa, chlplronea, Jibia... .......... ..... ..... ..... .... ................... ....... = 
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= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
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= 
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= 
= 
= 
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= 
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= 
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= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
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Pa\glna6 

Por favor, marca una única opción para cada alimento • 
.---~~~~~~~~~~~~~~~~~~~~~~~~~----, 

CONSUMO MEDIO DURANTE EL AÑO PASADO 

~ "',,..,o ....... 250 .... __ .... .,~ NUNCA AL MES A LA SEMANA AL DiA 

~ :.l:n:~=.:-:::::::: ::::::::::::::::::::::::::: :::: :::::::::::::::::: ::::::::: :::: ::: 
¡¡; Lechuga, endlbl•, .. carola ·---- --------- ------------- --------- --------- ____ --------- --------

~ Tomata crudo (1, 150 gr) ----------------------------------------------------------------------

~ Za1111har1., calabllD ---------------------------------------------------------------------------

~ Judiu vani.. ·-------- ------------- --------- ------------- --------- --------- ____ --------- --------

;,.. Bervnjen .. , calal111clna, peplnae ----------------------------------------------------------

:f: Pimientos ---- --------- ------------- ----- ---- ------------- --------- ----- ---- ---- --------- --------

~ Eapilrragaa ____ ------- __ ----------- __ ------- _______ ------ __ ------- ------- _______________ -------_ 

~ 
11 Gazpacho ancltlluz ·-- ------------- --------- ------------- --------- --------- ---- --------- -------_ 

~ 
otru vanluru (borr8111, cardo •.• ) __________________________________________________________ _ 

Pabltufrltu (cueru, balA, 1raelón,150 gr) --------------------------------------------

OCASI 
NUNCA 1-3 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

Patatas ... duo cocido (1ración,150 gr) -------- --------- ----- ---- ---- --------- -------- = = 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

2-4 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

Por favor, marca una Clnlca opción para cada allmento . 

5-8 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

2-3 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

4-8 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

8+ 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

.---~~~~~~~~~~~~~~~~~~~~~~~~~----, 

CONSUMO MEDIO DURANTE EL AÑO PASADO 

NUNCA AL MES A LA SEMANA AL DIA 
Una pieza o ración OCASl 1t--~~~~----.~~....---~--i~~---,.----~-r-~----.-~---t 

NUNCA 1·3 2·4 5-8 2·3 4-8 

Naranja, pomelo (una), o mandarina (doa) ------------------------------------------------- = 
Plitano ------------------------------------------------------------------------------------------ = 
Manzanm, peni ---------------------------------------------------------------------------------- = 
Frvau/D'a•on• (IS unldadn, phdo poa1rv) ------------------------------------------------ = 
Mlllacali6n, albarl-u•, nactarlna ---------------------------------------------------------- = 
Cervzaa, plcolu, clruelu (1 plato de paetr.) ·--------------------------------------------- = 
Higas, b...,.. ·---------------------------------------------------------------------------------- = 

Sandia (1~ada,200-250 gr) ----------------------------------------------------------------- = 
Melón (118,iad., 200-250 gr) - ---- ----- ---- ------------- --------- ----- ---- ---- --------- -------- = 
U- (un racimo, un plllto poa1rv) ·---------------------------------------------------------- = 
Frut.. an almibar (2 unici.du) -------------------------------------------------------------- = 
Frut.s en •u Jugo (2 unldade8) -------------------------------------------------------------- = 
D6tllM, hlgo8 HCO&, p&N9, clruelaa-puu (160 gr) ------------------------------------- = 
Almendro, CK&huetu, avella1111e, nueca (50 gr) ·--------------------------------------- = 
Aceituna (10 unidad•) --------- ----- ---- ------------- --------- ----- ---- ---- --------- -------- = 
Aguacatn -------------------------------------------------------------------------------------- = 
Manga., p&PIOP ----- --------------------------------------------------------- ----------------- = 
Klwt ---------------------------------------------------------------------------------------------- = 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

¿Cwínto. díu a la .. mana tomu fruta como paalr9? _ ------------- --------- ----- ------- O= 1= 2= 3= 4= 5= 6= 7= 

Por favor, marca una única opción para cada alimento . 

8+ 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

.---~~~~~~~~~~~~~~~~~~~~~~~~~----, 

Un plato o ración de 60 gr en seco 

Lent.tu ----------------------------------------------------------------------------------------
Garba11Z08 --------------------------------------------------------------------------------------

Alubl• (pinto, blanca a negru) ----------------------------------------------------------

Gulaanlu --------------------------------------------------------------------------------------

Pan blanco (3 rodaJu, IO gr) -----------------------------------------------------------------

Pan negro lnt.gral (3 rod8ju, 80 gr) ----------------- -------------- -------- ----------------

Cervaln cteaayuno (30 gr en .. co) ·---------------------------------------------------------

Arroz blanco (80 gr en seca) -----------------------------------------------------------------

Puta: lldeaa, m-rron-. •peguatla (llO gran uco) ----------------------------------

Pina (1 ración, 200 gr) ------------------------------------------------------------------------
H•CD 84111-9-K (ReL 3) 

CONSUMO MEDIO DURANTE EL AÑO PASADO 

NUNCA AL MES A LA SEMANA AL DiA 
OCASl 1t-~--i~~~..---~-.-~~11--~-.-~~.----~-.-~---1 

NUNCA 1-3 2-4 5-8 2-3 4-8 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

8+ 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
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No debH marc:11r utas 4 zonas somb .. adu 

~¿¿¿~¿:n:~ ó óc!:i 
~ ¿ ¿ ¿ e!:, ó e!:, ¿ ó e!, 

~a ~ócbóc!:ióc!:ióóc!i 
1 g ~ócbóc!:ióc!:ióóc!i 

~óóó~óóó óc!:i 

(1) 

(2) 

(3) 

(4) 

1 Piglna ______ = = = ... ¡ 
En aate cuadro dabea repetir an laa 
B caalllaa auperloraa el número que 
figura an al cuadro da la 1" página 
y a continuación marcarlo igual qua 
lo hu hacho anterionnante. 

m11rc1111sl § asl no mal'Ques 

==_JY º~~~«::] 

NÚMERO 

1 1 1 1 1 
o o o:o o o 

c:::::::Jc::::::Jc::::::J:c::::::Jc:::::::Jc::::::J 

ó ó c9ó ó ó 
2 2 2:2 2 2 

c::::J c::::::J c:::::::J :c:::::::J c::::J c:::::::J 
3 3 3¡3 3 3 

c::::J c::::::J c:::::::J :c:::::::J c::::J c:::::::J 

c!:, c!:, c!:, ! c!:, c!:, c!:, 

~~~J~~~ 
¿ ¿ ¿ ¡¿ ¿ ¿ 
ó ó ó ! ó ó ó 
ó ó ó ió ó ó 

Por favor, marca una única opción para cada alimento. CONSUMO MEDIO DURANTE EL Afilo PASADO 

Una cucharada o porción individual NUNCA ALMES 
OCASI 

A LA SEMANA ALDIA 

Para untar, mojar en el pan, para a/íffat; o para ensaladas, utilizas en total: NUNCA 1-3 

M..,..qulli. (pon:l6n Individua!) ·------------------------------------------------------------- = 
Marprlna (porción lndlvlcl1111I) ·--------- -------- _____ --------- ------------- --------- ---------- = 
Aceite da oliva (una cucha .. d•l -------------------------------------------------------------- = 
Acelt. d• alrosol ___ -------- -------------- -------- ----- ----- ---- ------------- --------- ----- ----- = 
Acelt. d• m11lz --------------------------------------------------------------------------------- = 
Manteca da cerdo __ -------- -------------- -------- _____ --------- ------------- --------- ---------- = 
otros: (1) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = 

¿CON QU~ FRECUENCIA CONSUMES?: 

Allmanlos,,_encua -- -------------- -------- ----- ----- ---- ------------- --------- ----- ----- = 
Allmantos frltoe fue1111 d• CBM --------------------------------------------------------------- = 

Acelt.d•ollva ----- ----- = 
Acelt.deglraol ------- = 

EN TU CASA, PARA FREIR SE UTILIZA: 

Mantequilla --- ------ = 
Margarina ·----------- = 

= 
= 
= 
= 
= 
= 
= 

= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 

Acelt. d• m11lz _____ _____ = Olro8 ---------------- = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (2) 

2 -4 5 -6 

= 
= 
= 
= 
= 
= 
= 

= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 

2-3 4-6 

= 
= 
= 
= 
= 
= 
= 

= 
= 

= 
= 
= 
= 
= 
= 
= 

= 
= 

11+ 

= 
= 
= 
= 
= 
= 
= 

= 
= 

Marca de aceite de oliva que ueu habltualm•nbl 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (3) 

---G- ____ __________ (Dabl_a par !•ta 11_!1~ ______ ~- _ 
CONSUMO MEDIO DURANTE EL Afilo PASADO ----

NUNCA AL MES A LA SEMANA AL DIA Por favor, marca una única opción para cada alimento. OCASl 1t-~~r~~.--~---,-~---111--~---.--~----,.----~---.--~--1 

NUNCA 1-3 2-4 5-6 2-3 4-8 6+ 

~ ¡,.:: Gallatutipo Maria (4-11 unidadea, 50 grl ·---------------------------------------------------

~ Gallatu con chocolabl (+8 unidad•. 50 gr) ---------------------------------------------

"" Magdlllenu comercial• (1./l unidlldee) ·----- ----- --------- ------------- --------- ----------

~ 
~ ¡, ... 
":" 

~ 
,!. • ~ 

Donubl (uno) ------------------------------------------------------------------------------------

Enealmada, croluant u olnl bollarla lnd119lrlal coman:lal ... (uno, 50 gr) ····-···-· 

Bohría, .. poablria -na·-·-····-·-······-·-···-······-·-······-·-·-·-······-·-······-···-· 

Pastelea (uno, 50 gr) ···-··· ··-·-····-·-·· ····-·-· ··-·· ····-·-·· ····-·-·-·-·· ····-·-·· ····-···-· 

Churroa, porru y almlllll'llll (r8Cl6n, 100 gr) .. · ·--- ····- · -·· · · · ·-·-·-·-·· · · ··-·--- ····- · ··-· 

Ch-la ... y bombonu (30 gr) ···-·-······-·-···-······-·-······-·-·-·-······-·-······-···-· 

Turrón (1/8 de baml) ---------------------------------------------------------------------------

Putas de ti, m..-.daa, mazapin (111cl6n, ID gr) ··-·-······-·-·-·-······-·-······-···-· 

Por favor, marca una única opción para cada allmento. 

V..o de vino tinto ··-··· ··-·-····-·-·· ····-·-· ··-·· ····-·-·· ····-···-·-·· ····-·-·· ··-·-···· ·

V..o de ol7'0 tipo de vino ·-·-····-·-·· ····-·-· ··-·· ····-·-·· ····-···-·-·· ····- ·-·· ··-·-···· __ 

V..o de vino en lu comido ····-·-·· ····-·-· ··-·· ····-·-·· ····-···-·-·· ····-·-·· ··-·-···· ·-
C.rveu (1 Jarra. 330 ce) ______________________________________________________________________ _ 

Llcoree, daatllada.: whlslly, glnabra. callee, ani. ... (1 copa, 50 ce>·····-·-····-·-·····

Bllbidlla carbonatado con azücar: c-.co1a, na1111njad• ... (1 bolallín, 200 ce) ... ·

ldem, paro bajas •n celorfu, Bllbld• llahL .. (1 botallln, 20D ce)---·····-·-····-·-·····

Zumo de naranja nst11111I (1vuo,200 ce) --.. ·--------·-------- --·-·-------- ·------·----- · 

Zumo. natu .. IH de otraa fftltaa (1 vaaa, 200 ce) ····-·-······-···-·-······-·-····-·-·····-
Zuma. de fNtu o 1111 vardu ... en botella o enlatada. (20D ce) ________________________ _ 

caN d-r.lnado (1 -. 5D ce) -·-·· ····-·-· ··-·· ····-·-·· ····-···-·-·· ····-·-·· ··-·-···· ·

caN (1 taa. 50 ce) ····-··· ··-·-····-·-·· ····-·-· ··-·· ····-·-·· ····-···-·-·· ····-·-·· ··-·-···· ·-

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

Agua (del grifo) (1 vuo, 20D ce) ·-·-·· ····-·-· ··-·· ····-·-·· ····-···-·-·· ····-·-·· ··-·-···· ·- = 
Agua •mbotallada (1 vaso, 200 ce) ·· ····-·-· ··-·· ····-·-·· ····-···-·-·· ····-·-·· ··-·-···· ·- = 
Marce de ag1111 embotellad• qua baba mú habltualmenm (4) 1 1 
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= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

1 1 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
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Por favor, marca una Cmlca opción para cada allmento. 

Croq-, bullueloa, empa1111dili.. ---------------------------------------------------------

8opa11 y e19mas de aobrw -------- ----- ---- ------------- --------- ----- ---- ---- --------- --------

S.IH da tolll8btfrlto, ketchup (1 cucharedb) ·-------------------------------------------

Mmyon .. • (1 cucherulb) ·--------------------------------------------------------------------

Plcurte: tabllsco. pimienta ·------ --------- ------------- --------- --------- ____ --------- --------

S.I (una pkca) -------- ------------- --------- ------------- --------- --------- ____ --------- --------

Al:Ocmr (1 cuchumdlbl) -----------------------------------------------------------------------

S.C.rlna ·-------------------------------- ----------------- -------------- -------- ----------------

Merm.a.das (1 cucharmdlbl) -----------------------------------------------------------------

Mlel ----------------------------------------------------------------------------------------------

otro. alimento. de l'nlcuente consumo: 

(11 1 1 1 1 1 

(21 1 1 1 1 1 

¿Con qu6 l'nlcuencla haces comlci. fll8rm da cua? ·------------------------------------

No clebn mucar esta zona aombrwada 

NUNCA 
OCASI 
NUNCA 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 

Página a 

CONSUMO MEDIO DURANTE EL AfilO PASADO 

AL MES ALA SEMANA AL DÍA 

1-3 2-4 5-6 2-3 4-6 6+ 

= = = = = = = = 
= = = = = = = = 
= = = = = = = = 
= = = = = = = = 
= = = = = = = = 
= = = = = = = = 
= = = = = = = = 
= = = = = = = = 
= = = = = = = = 
= = = = = = = = 

= = = = = = = = 
= = = = = = = = 
= = = = = = = = 

No deba marcar esta zo1111 aombrw•d• 

g o 1 2 3 4 5 6 7 8 9 
D c:::::::Jc:::::::Jc::::::::Jc:::::::J c:::::::Jc:::::::Jc:::::::Jc:::::::Jc:::::::Jc:::::::J 
1 o 1 2 3 4 5 6 7 8 9 .. 

c:::::::Jc:::::::Jc::::::::Jc:::::::J c:::::::Jc:::::::Jc:::::::Jc:::::::Jc:::::::Jc:::::::J o 

¿Tomaste vitaminas y/o min•ralas (incluy•ndo calcio) habitualm•nte duranbl •I aito pasado? 

= No = 
SI las tomaste, por favor Indica la marca: 

NUNCA AL MES ALA SEMANA ALDIA 
Marcas de los suplementos de vitaminas o minerales OCASI 

NUNCA 1 -3 1 2-4 5-8 1 2-3 4-8 8+ 

(11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = = = = = = = = = 
(21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = = = = = = = = = 
(31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = = = = = = = = = 

(1) No debes marcmr Hla zo1111 sombraacla (2) No dllbH marcar esta zo1111 aombrucla 13) No debes marcar Hta zona aombnacla ;H o 1 2 3 4 s e 1 s e 1 H o 1 2 s 4 s e 1 s e 1 H o 1 2 a 4 s e 1 s e 1 
D ========== ========== ========== 
.:. 0123456789 0123456789 0123456789 
o c:::::::Jc::::::::Jc:::::::Jc:::::::J c::::::::Jc::::::::Jc::::::::Jc::::::::Jc:::::::J c:::::::J c::::::::Jc:::::::Jc:::::::Jc:::::::J c::::::::Jc::::::::J c::::::::Jc:::::::Jc::::::::J c::::::::J c:::::::J c:::::::Jc::::::::Jc:::::::Jc::::::::J c::::::::Jc::::::::Jc::::::::Jc:::::::J c:::::::J 

Hllbltualmenta, ¿qu6 haca con I• 9 ... a de la carne? 

¿Procuras tom.r mucha flm? -------------------------------------

¿Procu ... tom.r mucha fruta? ·------------------------------------
¿Procura tom.r mucha YIWdura? ---------------------------------

¿Procuras torMr mucho pescado? -------------------------------

¿Suel .. comer lllTlrw comido (picotaar)? ------------------------

,...,_ ¿8l9uH un• dieta upaclal? __ --------- ------------- --------- ----- __ 

Laoomo = 

si 

= 
= 
= 
= 
= 
= 

NO 

= 
= 
= 
= 
= 
= 

2 Selaquito = 

¿Evltu el consumo ele mant.qullla? -------------------------

¿Procu ... rwduclrel consumo de 9 ... •? --------------------

¿Procura reducir el consumo de e.me? --------------------

¿Limitas laaal en IM comidas? ·-------------------------------

¿Le alladall azúcar a algunn bebido? ·----------------------

¿Procu ... noduclrel consumo de dulces? --------------------

si 

= 
= 
= 
= 
= 
= 

NO 

= 
= 
= 
= 
= 
= 

4 Si hu contMtado si, Mll•I• .. tipo da dieta: -- ----- ----- ---- ------------- --------- ----- ---- ---- ------ -- --------- ---- --------- ------ -- ---- ----- ---- ---------------------- ----- ----- ---- -----

¿DiaponH de correo electrónico (e-mail)? ·----- -------------- = No 

¿Dispones de acceso a Internet? --------------------------------- = No 

© Departamento de Medicina Preventiva y Salud Pública 

= sr. 

= sr 

No dalles marcar •ta zona aombrncla 
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Annex 2 
Follow-up questionnaire (Q2) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 



 



 

 

 

 

 

 

 

 

 

Annex 3 
Follow-up questionnaire (Q4) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



TERCER CUESTIONARIO. ESTUDIO SUN 

Fecha de Nacimiento 
Día Mes Año 

1 1 1 1 1 
o o : o o : o o ==:==:== 
1 1 : , 1 : 1 1 

==:==:== 
2 2 : 2 : 2 2 

= = : = :== 
3 3 ; 3 : 3 3 

==' = :== 
4 : 4 : 4 4 

= i = :== 
5 ' 5 : 5 5 = : = :== 
6 : 6 : 6 6 

7 ! 7 \77 
=: = i= = 

8 : 8 : 8 8 = : =:== 
9 : 9 ; 9 9 = : = :== 

Fecha actual cumplimentac. 
Día Mes Año 

1 1 1 1 1 
o o : o o : o o 
=='==:== 

l 1 : 1 1 : , 1 

= = :==:== 
¿¿j ¿\ ¿ 

3 3 : 3 : 3 

=~i = i ~ 
= : ci¡ = 

5 5 : 5 

= ' = : = 6 ; 6 ; 6 

= ' = ' = 
7 : 7 : 7 = : =: = 
8 : 8 : 8 = : =: = 9 : 9 : 9 =: =: = 

En general , dirías que tu salud es: 

Excelente = Muy buena = 

Peso actual 
(Kg .) 

1 1 
o o o === 
1 1 1 

=== 
2 2 2 
=== 

3 3 
== 
~ 4 

== 
!,) 5 
== 

6 6 
== 

7 7 

== 
8 8 
== 

9 9 
== 

Buena = 

D.N.I. o Pasaporte Letra 

¿ ¿ ¡¿ ¿ ¿ ¡¿ ¿¿ 6 6 6 
1 1 ¡ 1 1 1 : 1 1 1 D E F ==:= = = := = ==== 
2 2 Ó 2 2 2 Ó 2 2 2 G 11 1 

= ='= = = '== = === 3 3 Ó 3 3 3 ; 3 3 3 J K L ==:===:====== 
4 4 i 4 4 4 : ~ 4 4 M N O = = := = = := = = = = = 
5 5 ; 5 5 5 ; 5 5 5 P O R 

= = '= = = := = = == = 
6 6 ; 6 6 6 Ó 6 6 6 S T U = =:= = = := = = == = 

ci ¿ \¿ ci ¿ \¿ ci ci ci ~ 6 
6 ¿\¿ ¿ ¿ \¿ ¿ ¿ ci ¿ 

9 9 : 9 9 9 : 9 9 9 
=='===:=== 

Regular = Mala = 

¿Cómo dirías que es tu salud actual, comparada con la de hace 2 años? 

Mucho mejor ahora = Algo mejor ahora = Más o menos igual = Algo peor ahora = 
Las siguientes preguntas se refieren a actividades o cosas que podrías hacer en un día normal. Tu salud .. . 

¿Te limita para hacer esfuerzos intensos tales como correr, levantar objetos pesados o participar en deportes agotadores? .. 
¿Te limita para hacer esfuerzos moderados como mover una mesa, pasar la aspiradora, jugar a bolos o caminar más de una hora? .. 
¿Te limita para coger o llevar la bolsa de la compra?.................. . ....... ............................................................... ......... . 

¿Te limita para subir varios pisos por la escalera?. ....... ......... .. .................. ...... . ................................... . 

¿Te limita para subir un solo piso por la escalera? ....... ..... ........... .............. ............. ................................. ...... .. ........ ................. . 

¿Te limita para agacharte o arrodi llarte? ....... ................. . 

¿Te limita para caminar un kilómetro o más? .......................................................................... . 

¿Te limita para caminar varias manzanas (varios centenares de metros)? ............. ............................ ............. ........ ......... ... . 

¿Te limita para caminar una sola manzana (unos 100 metros)?........................................ ...... . ........................ . 
¿Te limita para bañarte o vestirte por ti mismo? ....... .................. .......... ............................................ . 

ID 
óóól66ó 

1 1 1 : 1 1 1 

==='== = 
2 2 2 : 2 2 2 
===i=== ¿ ¿ ¿ j¿¿¿ 

4 4 4 : 4 4 4 

===:=== 
óóóióóó 

6 6 6 : 6 6 6 ===:=== 
7 7 7 : 7 7 7 

==='=== ¿ ¿ ¿¡¿¿¿ 
¿¿¿¡¿¿¿ 

Mucho peor ahora = 
Si, me limita Si, me limita No, no me 

mucho un poco limita nada 

= = = 
= = = 
= = = 
= = = 
= = = 
= = = 
= = = 
= = = 
= = = 
= = = 

=-- -- ----- ------------------- - ___L~~~t~L- -- -- ---------- -------------- -
Durante las últimas 4 semanas ... Si No 

¿Tuviste que reducir el tiempo dedicado al trabajo o a tus actividades cotidianas, a causa de tu salud física? ....... ... .... .. ... ................ = = 
¿Hiciste menos de lo que hubieras querido hacer, a causa de tu salud física? .... ---- --- ---- - --- --- -----·- ··· --· · · ·-··· ············ ····· ·· ···-· ---- ------· = = 
¿Tuviste que dejar de hacer algunas tareas en tu trabajo o actividades cotidianas, a causa de tu salud física? ...... ............................ = = 
¿Tuviste dificultad para hacer tu trabajo o tus actividades cotidianas (por ejemplo, te costó más de lo normal), a causa de tu salud física? .. = = 
¿Tuviste que reducir el tiempo dedicado al trabajo o a tus actividades cotidianas, a causa de algún problema emocional (como estar triste, deprimido o nervioso? .. = = 
¿Hiciste menos de lo que hubieras querido hacer, a causa de algún problema emocional (como estar triste, deprimido o nervioso)? .. = = 
¿No hiciste tu trabajo o actividades cotidianas tan cuidadosamente como de costumbre, a causa de algún problema emocional (como estar triste, deprimido o nervioso)? .. = = 
Durante las últimas 4 semanas .. . Nada Un poco Regular Bastante Mucho 

¿Hasta qué punto tu salud física o los problemas emocionales han dificultado tus actividades sociales habituales 
con la familia , los amigos, los vecinos u otras personas? -- -------- ----- -- ------------ ---- --- ------ ---··--·-···--·--·------ ---··· ··· ···· ··-· ·· = = = = = 

¿Tuviste dolor en alguna parte del cuerpo durante las últimas 4 semanas? 

No, ninguno = Sí, muy poco = Sí, un poco = Sí, moderado = Sí, mucho = Sí, muchísimo = 

¿Hasta qué punto el dolor te ha dificultado tu trabajo habitual? (incluido el trabajo fuera de casa y las tareas domésticas) 

Nada = Un poco = Regular = Bastante = Mucho = 

Durante las 4 últimas semanas ... Siempre Casi Muchas Algunas Sólo alguna Nunca siempre veces veces vez 

¿Cuánto tiempo te sentiste lleno de vitalidad? ..... --- ---- --···-··· --· ··--·-···-···········•···· ······· = = = = = = 
¿Cuánto tiempo estuviste muy nervioso? .............. .................... = = = = = = 
¿Cuánto tiempo te sentiste tan bajo de moral que nada podía animarte? ........... = = = = = = 
¿Cuánto tiempo te sentiste calmado y tranquilo? ············································ ·-···· · = = = = = = 
¿Cuánto tiempo tuviste mucha energía? ..... .......... .................................... = = = = = = 
¿Cuánto tiempo te sentiste desanimado y triste? ... ..... ........... ... .... .............. ........ ..... = = = = = = 
¿Cuánto tiempo te sentiste agotado? ......................... ....................... .......... ............... = = = = = = 
¿Cuánto tiempo te sentiste feliz? ............ .. .................. ------····-····· = = = = = = 
¿Cuánto tiempo te sentiste cansado? .............. ---------··-···- ------ = = = = = = 
Durante las últimas 4 semanas. ¿con qué frecuencia la salud física o los problemas emocionales te han dificultado tus actividades sociales? 
(como visitar a los amigos o familiares) 

Siempre = Casi siempre = Algunas veces = Solo alguna vez = Nunca = 

© Departamento de Medicina Preventiva y Salud Pública UNIVERSIDAD DE NAVARRA 



Por favor, d i si te parece cierta o falsa cada una de las siguientes frases: 
Totalmente 

cierta 
Bastante 

cierta No lo sé 
Bastante 

falsa 
Totalmente 

falsa 

Creo que me pongo enfermo más fácilmente que otras personas ---------------------- ·---- --

Estoy tan sano como cualquiera ---·------ ------- --------------------- --------------- .. ··· ·- ---- --- --·------ --· ·--·----

Creo que mi salud va a empeorar --------·-------·-·------·-- .. ·--·--·- -- .... ·----- ----·-·------·--- --- --·- --- -·-- ---- --- ----- ------
Mi salud es excelente ___ _____ __ ......... -- --- --- ----·--- -- ---- ·----- -- --.. -----------·------------------- .... --------·--------- ---------·--

= 
= 

= 
= 
= 
= 

Desde el anterior cuestionario (ver fecha en página anterior}, ¿has cambiado en alguno de estos hábitos? 

No he He He 

= 
= 
= 

= 
= 
= 

No he He He 

= 
[_J 

= 
= 

cambiado aumentado reducido No se cambiado aumentado reducido 

Consumo de leche/productos lácteos ..... = 
Consumo de fruta y/o verdura __ 

Consumo de carne y/o embutidos .......... . 
Consumo de pescado ______ .. _______ ___ ________ ____ _ 

Consumo de sal ------- -------

Consumo de alcohol .. --------------------------- ----

= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 

¿Has fumado algún cigarrillo en las últimas 4 semanas? 

No, nunca he fumado -- -- -- ------------···----- = 

= 
= 
= 
= 
= 
= 

No, dejé de fumar desde hace. .. -·--·- ·------ ---= < 1 año 
Sí, fumo desde hace... __________ _ .. _____ ____ ______ = < 1 año 

L. Nº de cigarrillos/día... -------·--------- = 1-4 

De modo habitual.. . 

= 
= 
= 
= 
= 
= 

Consumo de mantequilla 
Consumo de aceite de oliva __ 

Consumo de bollería no hecha en casa -------
Actividad física (sumando ocio y trabajo} __ 

Uso del ordenador ----- --- ---------------

= 1-2 años 

= 1-2 años 

L_J 5-14 = 

= 3-5 años = 6-9 años 

= 3-5 años = 6-9 años 

15-24 = 25-34 = 35-44 

[_J 

= 
= 

= = 

= 
= 

= 10+ años 

= 10+ años 

= 45+ 

¿Cuántos kms. viajas en coche o moto al año? ---------- = < 1.500 = 1.501-5.000 = 5.001-10.000 = 10.001-20.000 = >20.000 
Cuando vas en coche ¿usas el cinturón de seguridad? ------- ----- --- -- ---- = Siempre 

No sé 

[_J 

= 
= 

Cuando vas en moto ¿usas el casco? --- --- --- ----
Cuando vas en bicicleta ¿usas el casco? -

.......... .. .... ...... ------= 

------= 

Nunca 

Nunca 

Nunca 

= Casi nunca 

= Aveces 

= Aveces 
= 

No siempre 

Siempre 

Siempre 
= 
= 

No voy en moto 

No voy en bicicleta 

Desde el segundo cuestionario (ver fecha en página anterior), ¿te han realizado estas exploraciones? 

Colonoscopia completa 

= 
Sigmoidoscopia 

= 
¿Has acudido a consulta médica en los últimos 2 años? 

Determinación 
de colesterol 

= 

= No = Sí, de un médico generalista o de familia 

Toma de la 
tensión arterial 

= 
Electrocardiograma 

= 
Ninguna de ellas 

= 
= Sí, en un centro hospitalario o con un médico especialista 

Desde el segundo cuestionario (ver fecha margen en página anterior) ¿has sido diagnosticado por PRIMERA VEZ por un méd ico, de alguna de 
estas enfermedades o has pasado por alguna de las siguientes circunstancias?: 

. Fecha aproximada 
NO SI Mes Año 

Accidente de tráfico con hospitalización de más de 24 horas-... =-+=--+----i----

Otro accidente de tráfico sin hospitalización, pero con baja laboral. = =-1------1----

Accidente deportivo con lesión (que requirió tratamiento médico~ - f-=-+=-+--- -+---1 

Otro percance con lesión, incluyendo cualquier fractura ____ f-=-+=-+----1----1 

Hipertensión arterial (más de 8,5 de mínima o más de 13 de máxima) .. = = 

Trombosis venosa periférica ---- -·---------- --------------- ------------- -- = = 

Osteoporosis ---------------------------- __________ _ ., ____ ___ .,, _______ ,, ___ _ = =1-----+----< 

Colesterol alto (más de 240 mg/dl} ------ --------- .. ·--·-----·-·------· 
1
_=_+=--+-___ , __ 

Infarto de miocardio ......... . ____ , __ _______ ,, ___ ____ ,,, ___________ = = 
Angina de pecho --- -----·------ ~= 
Cirugía coronaria ("by-pass"} -- -------- ------ .......... ___ ___ __ _ 

Fibri lación auricular --------- ----- -------- -- ---- ------ ----- --------- ---- --- ---- = r-i 1---+- +----+---I .... _, ______ ___ ,_, _____ ................ _____________ == Aneurisma de aorta 

Insuficiencia cardiaca 

Embolia pulmonar __ 

r----+--r --- •---
----------· ------· --- ------- ... _______________________ r:::J = 

----------·-----------·---- --- -----== 
Accidente cerebral vascular (trombosis, embolia o hemorragia~ - ~~ r---- 

Claudicación intermitente (insuficiencia arterial periférica) .. =f-=-+----+-----1 

Consulta al médico por dificultad para lograr embarazo __ __ _ ~ = f---

Embarazo (indica fecha parto o fecha prevista de parto} ---- ~= --
Diabetes ·-------------- ------ -------- ------ -· -------------· = = 

. Fecha aproximada 
NO S I Mes Año 

Cataratas .. .,. ____ ___ _ _ == 
Aparición de miopía o aumento de más de media dioptría en la miopía f-=- +=-+----+---t 

Glaucoma ---- -- -·--------·-·---------........ = = 

Degeneración macular de retina ---------- --- --- ------------ .. ·----- f-c...__.- +c____-+----+---1 

Bronquitis crónica o enfisema ............. ·--- ·--------- ·-

Asma --- . __ -·------ ------------- .. - - ------ -------- -- ·---·------- ---- ·-- == 
Ulcera gástrica o duodenal -----·- 00

·--·--·-
0000

-------· ------- - ---- - 1-=-+=- -+------+---i 

Cólico nefrítico -----------------------------·---------------------------------- = = 

Cálculos en la vesícula ----------· ___ ,, .. ____________ ------------ ---

Anorexia nerviosa o bulimia 

Diagnóstico de ansiedad __ 

Depresión ------------------ --- -- ---· -----·-- ·--·--- ---------- --- -- ----- --- -
Pólipos en colon o recto -----·---·_, ___ ,, _________ , 

Tumor (señalar el tipo} --+ - ---------------- .. ·----- ·-· --

r---

= = 

--·= 
-

(Tumor de}: -- ------ --- -- ----- ------- ---·- ---- -- ---- ------- .. ·-- -------- -·-- --- ----- ----- --------- --.. · ------ -- ------ -- ---

Otra enfermedad =i----------·-------------------------------------- == 
(especificar}: --------------·------- --- __ -·-·- _, ____ ___ ____ _____ -- ·- --- ----- -·----- __ . __ ______ ·---- ______________ -·- ---

SUMCO "314ti 04 ( ?~ ! 

¿Qué medicación o suplementos dietéticos (incluyendo vitaminas, fibras, salvado, etc.} consumes A DIARIO: 

= No consumo medicación o suplementos. salvo muy de vez en cuando 

= Consumo a diario la siguiente medicación o suplementos (si necesitas más espacio. añade una hoja por favor} 

MEDICAMENTO O SUPLEMENTO N° veces al día Y DOSIS MEDICAMENTO O SUPLEMENTO Nº veces al día Y DOSIS 

1. 4. 

2. 5. 

3. 6. 

© Departamento de Medicina Preventiva y Salud Pública UNIVERSIDAD DE NAVARRA 



 

 

 

 

 

 

 

 

 

Annex 4 
Follow-up questionnaire (Q6) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



CUARTO CUESTIONARIO. ESTUDIO SUN

0
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0
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0

1
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0

1

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

Día Mes Año
Fecha de Nacimiento

(Kg.)
Peso actual

Mantequilla, margarina o nata (1 ración: 12 gr.)

Aceite de oliva para cocinar, aliñar ensaladas o tomar con el pan (1 ración: 1 cucharada)

Salsa de tomate casera o sofrito (ajo, cebolla, puerro) cocinados con aceite de oliva

Verdura u hortalizas (1 ración 200 g)

Legumbres (lentejas, garbanzos, alubias, etc –1 ración:60 gr en seco)

Piezas de fruta

Frutos secos (1 ración: 30g.)

Carne roja, salchichas o embutidos (1 ración 100-150 g.)

Carne de pollo, pavo, conejo (1 ración 100-150 g.)

Pescado- mariscos (1 ración de pescado: 100-150 g; 1 ración de mariscos: 4-5
piezas ó 200 g)

Repostería comercial (no casera), incluyendo galletas, pasteles, flanes y postres dulces

Bebidas carbonatadas y/o azucaradas (refrescos, colas, tónicas, bitter) excluyendo
las bebidas “light” (1 lata: 33 cl.)

Vino (1 vaso: 100 cc)

Cerveza (1 lata: 33 cl.)

Bebidas alcohólicas destiladas: whisky, ginebra, coñac, vodka... (1 copa, 50 cc)

¿Con que frecuencia haces comidas fuera de casa?

¿Con que frecuencia estas comidas son en lugares de fast-food (pizzerias, hamburgeserías)?

© Departamento de Medicina Preventiva y Salud Pública     UNIVERSIDAD DE NAVARRA
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0

1

2

3

Día Mes Año

Fecha en que contestas
este cuestionario

0

1

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8
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0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

ID

Consumo medio durante el año pasado

6 +

¿Qué usas preferentemente para cocinar (señala sólo 1 opción)?

Aceite de oliva Aceite de semillas, (girasol, soja, etc.) Mantequilla Margarina Otras grasa o aceites

En general, dirías que tu salud es:

Excelente Muy buena Buena Regular Mala

¿Cómo dirías que es tu salud actual, comparada con la de hace 2 años, cuando nos respondiste por última vez?

Mucho mejor que antes Algo mejor que antes Más o menos igual Algo peor ahora Mucho peor ahora

SUMCO 00000-05
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(Cm.)
Talla

4-62-315-62-411-3

Al díaA la semanaAl mesNunca
o casi
nunca

Por favor, marca una opción de frecuencia de consumo para cada alimento
o grupos de alimentos

¿Has fumado algún cigarrillo en las últimas 4 semanas?

No, nunca he fumado

No, dejé de fumar desde hace...

Sí, fumo desde hace...

Nº de cigarrillos/día...

< 1 año 1-2 años 3-5 años 6-9 años 10+ años

< 1 año 1-2 años 3-5 años 6-9 años 10+ años

1-4 5-14 15-24 25-34 35-44 45+

De modo habitual…

¿Cuántos kms. viajas en coche o moto al año?

Cuando vas en coche ¿usas el cinturón de seguridad?

Cuando vas en moto ¿usas el casco?

Cuando vas en bicicleta ¿usas el casco?

Nunca Casi nunca No siempre Siempre

Nunca A veces Siempre No voy en moto

< 1.500 1.501-5.000 5.001-10.000 10.001-20.000 >20.000

Nunca A veces Siempre No voy en bicicleta

Desde el último cuestionario (ver fecha en la parte superior de la primera cara), ¿te han realizado alguna de estas exploraciones?

Colonoscopia completa Sigmoidoscopia
Determinación
de colesterol

Toma de la
tensión arterial Electrocardiograma

¿Has acudido al menos una vez a consulta médica en los últimos 2 años?

No Sí, de un médico generalista o de familia Sí, en un centro hospitalario o con un médico especialista

(Dobla por esta línea)

1 ocasionalmente



Operación de cataratas

Diagnóstico de cataratas sin operación

Aumento de más de media dioptría en la miopía

Glaucoma

Degeneración macular de retina

Bronquitis crónica o enfisema

Asma

Ulcera gástrica o duodenal

Cólico nefrítico

Cálculos  en la vesícula

Anorexia nerviosa o bulimia

Diagnóstico de ansiedad

Diagnóstico médico de depresión

Pólipos en colon o recto

Tumor maligno (señalar el tipo)

Tumor de

Otra enfermedad (incluye tumores benignos)

(especificar)

¿Qué medicación o suplementos dietéticos (incluyendo vitaminas, fibras, salvado, etc.) consumes de modo HABITUAL?:

No consumo medicación o suplementos, salvo muy de vez en cuando

Consumo a diario la siguiente medicación o suplementos (si necesitas más espacio, añade una hoja por favor)

FÁRMACO Nº veces al día Y DOSIS

4.

5.

FÁRMACO Nº veces al día Y DOSIS

1.

2.

© Departamento de Medicina Preventiva y Salud Pública     UNIVERSIDAD DE NAVARRA

6.3.

SUMCO 00000-05 (Ret.)

Accidente de tráfico con hospitalización de más de 24 horas

Otro accidente de tráfico sin hospitalización, pero con baja

laboral

Accidente deportivo con lesión (que requirió tratamiento médico)

Otro tipo de accidente con lesión, incluyendo cualquier fractura

Hipertensión arterial ( más de 8,5 de mínima o más de 13

de máxima)

Osteoporosis

Colesterol alto (más de 240 mg/dl)

Infarto de miocardio

Angina de pecho

Cirugía coronaria (“by-pass”)

Fibrilación auricular

Aneurisma de aorta

Insuficiencia cardiaca

Embolia pulmonar

Trombosis venosa periférica

Diabetes (excluye diabetes gestacional)

Diabetes gestacional

Accidente cerebral vascular (trombosis, embolia o hemorragia)

Claudicación intermitente (insuficiencia arterial periférica)

Embarazo (indica fecha parto o fecha prevista de parto)

Consulta al médico por dificultad para lograr embarazo

Mes Año

Fecha aproximada

diagnósticoNO SÍ
Mes Año

NO SÍ

Desde el último cuestionario que nos contestaste  ¿Has sido diagnosticado por un médico por PRIMERA VEZ  de alguna de estas enfermedades?

o ¿Has pasado por alguna de las siguientes circunstancias? (recuerda que tienes la fecha de respuesta del último cuestionario que nos enviaste

en la etiqueta pegada junto al nº de identificación en la parte superior derecha de la primera cara.  Así pues, la fecha que escribas en las siguientes

preguntas debe ser posterior a la que te indicamos):

Fecha aproximada

diagnóstico

Por favor, indica a continuación los datos de las últimas mediciones que te hayan hecho y que tenga menos de 2 años de antigüedad:

¡MUCHAS GRACIAS POR TU VALIOSA COLABORACIÓN!
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AZUCAR
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(Dobla por esta línea)
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Annex 5 
Follow-up questionnaire (Q8) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



C-8 : QUINTO CUESTIONARIO PROYECTO SUN

Fecha de Nacimiento Peso actual (Kg.)
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ID

En los últimos 2 años, ¿has perdido peso intencionadamente?

No he cambiado

He perdido más de 10 kg.

¿Cúantos hijos e hijas tienes?
Ninguno 1 2 3 4 5 6 7 8 9 10 ó más

He perdido 1-2 kg. He perdido 3-4 kg.

Si tienes miopía, hipermetropía/vista cansada o astigmatismo, escribe el nº de dioptrías que tienes

Miopía

Ojo Derecho

En los últimos 2 años, ¿has perdido peso NO voluntariamente (Ej.: debido a la enfermedad, estrés o depresión)?

No he perdido

He perdido más de 10 kg.

He perdido 1-2 kg. He perdido 3-4 kg.

¿Con qué frecuencia haces comidas fuera de casa?

¿Con qué frecuencia estas comidas son en lugares

de fast-food (pizzerías, hamburgueserías)?

6 +4-62-315-62-411-3
Al díaA la semanaAl mesNunca

o casi
nunca

¿Cuánto tiempo por término medio dedicas al día a trabajo de cerca (lectura, estudio, ...) un día típico de trabajo entre semana?

Nunca 30 min 30-60 min. 1 hora 2 horas 3 horas 4 horas 5 horas 6 horas 7 horas 8 horas 9 ó más

¿Cuánto tiempo por término medio dedicas al día a trabajo de cerca (lectura, estudio, ...) un día típico de fin de semana?

Nunca 30 min 30-60 min. 1 hora 2 horas 3 horas 4 horas 5 horas 6 horas 7 horas 8 horas 9 ó más

¿Has fumado algún cigarrillo en las últimas 4 semanas?

No, dejé de fumar desde hace...

Sí, fumo desde hace...

Nº de cigarrillos/día...

< 1 año 1-2 años 3-5 años 6-9 años 10+ años

< 1 año 1-2 años 3-5 años 6-9 años 10+ años

1-4 5-14 15-24 25-34 35-44 45+

De modo habitual…

¿Cuántos kms. viajas en coche o moto al año?

Cuando vas en coche ¿usas el cinturón de seguridad?

Cuando vas en moto ¿usas el casco?

Cuando vas en bicicleta ¿usas el casco?

Nunca Casi nunca No siempre Siempre

Nunca A veces Siempre No voy en moto

< 1.500 1.501-5.000 5.001-10.000 10.001-20.000 >20.000

Nunca A veces Siempre No voy en bicicleta

Ocasionalmente

No, nunca he fumado

¿Cómo dirías que es tu salud actual, comparada con la de hace 2 años, cuando nos respondiste por última vez?

Mucho mejor que antes Algo mejor que antes Más o menos igual Algo peor ahora Mucho peor ahora

En general, dirías que tu salud es:

Excelente Muy buena Buena Regular

Operación de cataratas

Diagnóstico de cataratas sin operación

Aumento de más de media dioptría en la miopía

Glaucoma

Degeneración macular de retina

Bronquitis crónica o enfisema

Asma

Ulcera gástrica o duodenal

Cólico nefrítico

Cálculos  en la vesícula

Anorexia nerviosa o bulimia

Diagnóstico de ansiedad

Diagnóstico médico de depresión

Pólipos en colon o recto

Tumor maligno (señalar el tipo)

Tumor de

Otra enfermedad (incluye tumores benignos)

(especificar)

Accidente de tráfico con hospitalización de más de 24 horas

Otro accidente de tráfico sin hospitalización, pero con baja laboral

Accidente deportivo con lesión (que requirió tratamiento médico)

Otro tipo de accidente con lesión, incluyendo cualquier fractura

Hipertensión arterial (más de 8,5 de mínima o más de 13 de

máxima)

Osteoporosis

Colesterol alto (más de 200 mg/dl)

Infarto de miocardio

Angina de pecho

Cirugía coronaria (“by-pass”)

Fibrilación auricular

Aneurisma de aorta

Insuficiencia cardiaca

Trombosis venosa periférica

Embolia pulmonar

Diabetes (excluye diabetes gestacional)

Diabetes en el embarazo (gestacional)

Accidente cerebral vascular (trombosis, embolia o hemorragia)

Claudicación intermitente (insuficiencia arterial periférica)

Embarazo (indica fecha parto o fecha prevista de parto)

Consulta al médico por dificultad para lograr el embarazo

Mes Año

Fecha aproximada
diagnósticoNO SÍ

Mes Año
NO SÍ

Desde el último cuestionario que nos contestaste  ¿has sido diagnosticado por un médico por PRIMERA VEZ  de alguna de estas
condiciones o has pasado por alguna de las siguientes circunstancias? (recuerda que tienes la fecha de respuesta del último
cuestionario que nos enviaste en la etiqueta pegada junto al nº de identificación en la parte superior derecha de la primera cara.
 Así pues, la fecha que escribas en las siguientes preguntas debe ser posterior a la que te indicamos):

Fecha aproximada
diagnóstico

He perdido 5-10 kg.

He perdido 5-10 kg.

(Dobla por esta línea)

Mala

Ojo Izquierdo

Hipermetropía/Vista cansada

Ojo Derecho Ojo Izquierdo

Astigmatismo

Ojo Derecho Ojo Izquierdo
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(Dobla por esta línea)

¿Te limita para hacer esfuerzos intensos tales como correr, levantar objetos pesados o participar en deportes agotadores?

¿Te limita para hacer esfuerzos moderados como mover una mesa, pasar la aspiradora, jugar a bolos o caminar más de una hora?

¿Te limita para coger o llevar la bolsa de la compra?

¿Te limita para subir varios pisos por la escalera?

¿Te limita para subir un solo piso por la escalera?

¿Te limita para agacharte o arrodillarte?

¿Te limita para caminar un kilómetro o más?

¿Te limita para caminar varias manzanas (varios centenares de metros)?

¿Te limita para caminar una sola manzana (unos 100 metros)?

¿Te limita para bañarte o vestirte por ti mismo?

Las siguientes preguntas se refieren a actividades o cosas que podrías hacer en un día normal. Tu salud…
Sí, me limita

mucho
Sí, me limita

un poco
No, no me
limita nada

¿Tuviste que reducir el tiempo dedicado al trabajo o a tus actividades cotidianas, a causa de tu salud física?

¿Hiciste menos de lo que hubieras querido hacer, a causa de tu salud física?

¿Tuviste que dejar de hacer algunas tareas en tu trabajo o actividades cotidianas, a causa de tu salud física?

¿Tuviste dificultad para hacer tu trabajo o tus actividades cotidianas (por ejemplo, te costó más de lo normal), a causa de tu salud física?

¿Tuviste que reducir el tiempo dedicado al trabajo o a tus actividades cotidianas, a causa de algún problema emocional (como estar triste, deprimido o nervioso?

¿Hiciste menos de lo que hubieras querido hacer, a causa de algún problema emocional (como estar triste, deprimido o nervioso)?

¿No hiciste tu trabajo o actividades cotidianas tan cuidadosamente como de costumbre, a causa de algún problema emocional (como estar triste, deprimido o nervioso)?

Sí No

Durante las últimas 4 semanas…

¿Hasta qué punto tu salud física o los problemas emocionales han dificultado tus actividades sociales habituales

con la familia, los amigos, los vecinos u otras personas?

MuchoBastanteRegularUn pocoNada

Durante las últimas 4 semanas…

¿Tuviste dolor en alguna parte del cuerpo durante las últimas 4 semanas?

No, ninguno Sí, muy poco Sí, un poco Sí, moderado Sí, mucho Sí, muchísimo

¿Hasta qué punto el dolor te ha dificultado tu trabajo habitual? (incluido el trabajo fuera de casa y las tareas domésticas)

Nada Un poco Regular Bastante Mucho

¿Cuánto tiempo te sentiste lleno de vitalidad?

¿Cuánto tiempo estuviste muy nervioso?

¿Cuánto tiempo te sentiste tan bajo de moral que nada podía animarte?

¿Cuánto tiempo te sentiste calmado y tranquilo?

¿Cuánto tiempo tuviste mucha energía?

¿Cuánto tiempo te sentiste desanimado y triste?

¿Cuánto tiempo te sentiste agotado?

¿Cuánto tiempo te sentiste feliz?

¿Cuánto tiempo te sentiste cansado?

Durante las 4 últimas semanas…
Algunas
veces

Sólo alguna
vez

Nunca
Muchas
veces

Casi
 siempre

Siempre

Creo que me pongo enfermo más facilmente que otras personas

Me considero una persona con fuerza de voluntad

Estoy tan sano como cualquiera

Creo que mi salud va a empeorar

Mi salud es excelente

Por favor, di si te parece cierta o falsa cada una de las siguientes frases:
Bastante

falsa
Nunca

Bastante
cierta

Totalmente
cierta

Totalmente
falsa

Durante las últimas 4 semanas. ¿con qué frecuencia la salud física o los problemas emocionales te han dificultado tus actividades sociales?

(como visitar a los amigos o familiares)

Siempre Casi siempre Algunas veces Solo algunas veces Nunca

TENSIÓN ARTERIAL

(mmHg)

Alta

(sistólica)

Baja

(diastólica)

LÍPIDOS

(mg/dl)

Colesterol
Total

LDL HDL Triglicéridos

AZUCAR

Glucemia basal

(mg/dl)

Glucosa

Perímetro

cintura

(Cm.)

Por favor, indica a continuación los datos de las últimas mediciones que te hayan hecho y que tengan menos de 2 años de antigüedad:



 

 

 

 

 

 

 

 

 

Annex 6 
Follow-up questionnaire (Q10) 
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Rellena exclusivamente a lápiz

Borra completamente las marcas erróneas

No escribas sobre el margen derecho

No arrugues la hoja

Marca correctamente las casillas

Marca una sola casilla por respuesta usa lápiz

Así no marques

Marca así

INSTRUCCIONES
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CUESTIONARIO C_10 PROYECTO SUN

Estado civil

soltero/a

casado/a

viudo/a

separado/a

otros

NO SÍ

Fecha
aproximada
diagnóstico

Mes Año

Desde el último cuestionario, marca si has sido diagnosticado/a por un médico de alguna de las siguientes enfermedades o has pasado por

alguna de las siguientes circunstancias:

Accidente de tráfico con hospitalización de más de 24 h.

Otro accidente de tráfico sin hospitalización, con baja laboral

Accidente deportivo con lesión (que requirió tratamiento médico)

Otro tipo de accidente con lesión, incluyendo cualquier fractura

Hipertensión arterial ( > 8,5 de mínima ó > 13 de máxima)

Osteoporosis

Colesterol alto (más de 200 mg/dl)

Infarto de miocardio

Angina de pecho

Cirugía coronaria (“by-pass”)

Fibrilación auricular

Aneurisma de aorta

Insuficiencia cardíaca

Embolia pulmonar

Trombosis venosa periférica

Diabetes (excluye diabetes gestacional)

Diabetes gestacional

Accidente cerebral vascular (trombosis, embolia o hemorragia)

Claudicación intermitente (insuficiencia arterial periférica)

Embarazo (indica fecha parto o fecha prevista de parto)

Consulta al médico por dificultad para lograr embarazo

NO SÍ

Fecha
aproximada
diagnóstico

Mes Año

Operación de cataratas

Diagnóstico de cataratas sin operación

Aumento de más de media dioptría en la miopía

Glaucoma

Degeneración macular de retina

Bronquitis crónica o enfisema

Asma

Úlcera gástrica o duodenal

Cólico nefrítico

Cálculos en la vesícula

Anorexia nerviosa o bulimia

Diagnóstico de ansiedad

Diagnóstico médico de depresión

Pólipos en colon o recto

Tumor maligno (señalar el tipo)

Tumor de

Otra enfermedad o circunstancia

(incluye tumores benignos) (especificar)

¡GRACIAS POR SEGUIR PARTICIPANDO!
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MESENFERMEDAD O CIRCUNSTANCIA AÑO

Accidente de tráfico con hospitalización de más de 24 h.

Otro accidente de tráfico sin hospitalización, con baja laboral

Accidente deportivo con lesión (que requirió tratamiento médico)

Otro tipo de accidente con lesión, incluyendo cualquier fractura

Hipertensión arterial ( > 8,5 de mínima ó > 13 de máxima)

Osteoporosis

Colesterol alto (más de 200 mg/dl)

Infarto de miocardio

Angina de pecho

Cirugía coronaria (“by-pass”)

Fibrilación auricular

Aneurisma de aorta

Insuficiencia cardíaca

Embolia pulmonar

Trombosis venosa periférica

Diabetes (excluye diabetes gestacional)

Diabetes gestacional

 Accidente cerebral vascular (trombosis, embolia o hemorragia)

 Claudicación intermitente (insuficiencia arterial periférica)

Embarazo (indica fecha parto o fecha prevista de parto)

Consulta al médico por dificultad para lograr embarazo

Operación de cataratas

Diagnóstico de cataratas sin operación

Aumento de más de media dioptría en la miopía

Glaucoma

Degeneración macular de retina

Bronquitis crónica o enfisema

Asma

Úlcera gástrica o duodenal

Cólico nefrítico

Cálculos en la vesícula

Anorexia nerviosa o bulimia

Diagnóstico de ansiedad

Diagnóstico médico de depresión

Pólipos en colon o recto

Tumor maligno

 Otra enfermedad o circunstancia (incluye tumores benignos)

POR FAVOR, NO RELLENES ESTA PARTE DEL CUESTIONARIO, ES SÓLO PARA FINES DE CODIFICACIÓN.

ENE FEB MAR ABR MAY JUN JUL AGO SEP OCT NOV DIC 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

ENE FEB MAR ABR MAY JUN JUL AGO SEP OCT NOV DIC 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

ENE FEB MAR ABR MAY JUN JUL AGO SEP OCT NOV DIC 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

ENE FEB MAR ABR MAY JUN JUL AGO SEP OCT NOV DIC 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

ENE FEB MAR ABR MAY JUN JUL AGO SEP OCT NOV DIC 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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Annex 7 
Follow-up questionnaire (Q12) 
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Rellena exclusivamente a lápiz
Borra completamente las marcas erróneas
No escribas sobre el margen derecho
No arrugues la hoja
Marca correctamente las casillas
Marca una sola casilla por respuesta

usa lápiz

Así no marques
Marca así
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Indica si has sido diagnosticado/a alguna vez por un médico de alguna de las siguientes enfermedades o circunstancias: (anota la fecha aproximada
del diagnóstico)

NO SÍ Mes Año

 Pérdida de memoria
 Demencia
 Alzheimer
 Parkinson

NO SÍ Mes Año

 Reuma
 Artrosis
 Artritis

¡GRACIAS POR SEGUIR PARTICIPANDO!
FIN

¿Con qué frecuencia comes en lugares de fast-food (pizzerías, hamburgueserías)?
¿Con qué frecuencia tomas bebidas carbonatadas azucaradas (refrescos, colas, tónicas,
bitter...) excluyendo las "light" (1 lata, 33cl.)?
¿Con qué frecuencia tomas bebidas "light" o “zero” (1 lata, 33cl.)?
¿Con qué frecuencia tomas zumos envasados o embotellados ?

Nunca
o casi
nunca

NO SÍ Mes Año

Desde el último cuestionario, marca si has sido diagnosticado/a por un médico de alguna de las siguientes enfermedades o  circunstancias (anota
la fecha aproximada del diagnóstico):

Accidente de tráfico con hospitalización de más de 24 h.
Otro accidente de tráfico sin hospitalización, con baja laboral
Accidente deportivo con lesión (que requirió tratamiento médico)
Otro tipo de accidente con lesión, incluyendo cualquier fractura
Hipertensión arterial ( > 8,5 de mínima ó > 13 de máxima)
Osteoporosis
Colesterol alto (más de 200 mg/dl)
Infarto de miocardio
Angina de pecho
Cirugía coronaria (“by-pass”)
Fibrilación auricular
Aneurisma de aorta
Insuficiencia cardíaca
Embolia pulmonar
Trombosis venosa periférica
Diabetes (excluye diabetes gestacional)
Diabetes gestacional
Accidente cerebral vascular (trombosis, embolia o hemorragia)
Claudicación intermitente (insuficiencia arterial periférica)
Embarazo (indica fecha parto o fecha prevista de parto)
Consulta al médico por dificultad para lograr embarazo

NO SÍ Mes Año

Operación de cataratas
Diagnóstico de cataratas sin operación
Aumento de más de media dioptría en la miopía
Glaucoma
Degeneración macular de retina
Bronquitis crónica o enfisema
Asma
Úlcera gástrica o duodenal
Cólico nefrítico
Cálculos en la vesícula
Anorexia nerviosa o bulimia
Diagnóstico de ansiedad
Diagnóstico médico de depresión
Pólipos en colon o recto
Tumor maligno (señalar el tipo)

Otra enfermedad o circunstancia
(incluye tumores benignos) (especificar)

Consumo medio durante el año pasado
Al mes

1-3

A la semana

1 2-4 5-6

Al día

1 2-3 4-6 6+



MESENFERMEDAD O CIRCUNSTANCIA AÑO

Accidente de tráfico con hospitalización
Otro accidente de tráfico sin hospitalización
Accidente deportivo con lesión
Otro tipo de accidente con lesión
Hipertensión arterial
Osteoporosis
Colesterol alto (más de 200 mg/dl)

 Infarto de miocardio
Angina de pecho
Cirugía coronaria (“by-pass”)
Fibrilación auricular
Aneurisma de aorta
Insuficiencia cardíaca
Embolia pulmonar
Trombosis venosa periférica
Diabetes (excluye diabetes gestacional)
Diabetes gestacional

 Accidente cerebral vascular
 Claudicación intermitente
Embarazo
Consulta dificultad embarazo
Operación de cataratas
Diagnóstico de cataratas sin operación
Aumento de más de media dioptría en la miopía
Glaucoma
Degeneración macular de retina
Bronquitis crónica o enfisema
Asma
Úlcera gástrica o duodenal
Cólico nefrítico
Cálculos en la vesícula
Anorexia nerviosa o bulimia
Diagnóstico de ansiedad
Diagnóstico médico de depresión
Pólipos en colon o recto
Tumor maligno

 Otra enfermedad o circunstancia

POR FAVOR, NO RELLENES ESTA PARTE DEL CUESTIONARIO, ES SÓLO PARA FINES DE CODIFICACIÓN.
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Annex 8 
Follow-up questionnaire (Q14) 
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CUESTIONARIO C_14 PROYECTO SUN
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¿Haces ejercicio? No  (pasa a la siguiente pregunta) Sí

¿Cuánto tiempo por término medio dedicaste 
a las siguientes actividades en el último año?

Andar o pasear fuera de casa (incluye golf)

Correr o hacer jogging despacio

Correr más competitivo y rápido (atletismo, etc.)

Pasear en bicicleta

Bicicleta estática

Nadar

Tenis, frontón, squash, otros de raqueta o pala

Fútbol, futbito

Otros de equipo (baloncesto, balonmano…)

Baile, danza, aerobic

Excursiones al monte, escalada

Gimnasia

Cuidado del jardín y/o piscina, bricolaje, etc.

Esquí, patinaje

Judo, karate u otras artes marciales

Vela

Otras actividades físicas-deporte no mencionadas

FRECUENCIA MEDIA DURANTE LA SEMANA

NUNCA
MINUTOS / SEMANA HORAS / SEMANA

1 - 4 5 - 19 20 - 59 1 - 1,5 2 - 3 4 - 6 7 - 10 ≥ 11 < 3 3 - 6 > 6

MESES AL AÑO

¿Has fumado algún cigarrillo en las últimas 4 semanas?

No, nunca he fumado

No, dejé de fumar desde hace...

Sí, fumo desde hace...

 

 Nº de cigarrillos/día...

Estado civil

Nº de hijos

Soltero/a

Ninguno 1

< 1 año 6-9 1-2 años 3-5 10 ó más

< 1 año

Ocasio-
nalmente 1-4 5-14 15-24 25-34 35-44 45+

6-9 1-2 años 3-5 10 ó más

2 3 4 5 6 7 8 9 10 ó más

Separado/a OtrosCasado/a Viudo/a
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ID

¿Qué medicación o suplementos dietéticos (incluyendo vitaminas, fibras, salvado, etc.) consumes de modo HABITUAL?:

No consumo medicación o suplementos, salvo muy de vez en cuando

Consumo a diario la siguiente medicación o suplementos (si necesitas más espacio, añade una hoja por favor)

FÁRMACO Nº veces al día Y DOSIS

4.

5.

FÁRMACO Nº veces al día Y DOSIS

1.

2.

6.3.

Mantequilla, margarina o nata (1 ración: 12 g.)

Aceite de oliva para cocinar, aliñar ensaladas o tomar con el pan (1 ración: 1 cucharada)

Sofrito (salsa de tomate con ajo, cebolla) cocinados con aceite de oliva

Verduras u hortalizas (1 ración 200 g.)

Legumbres (lentejas, garbanzos, alubias, etc –1 ración: 60 g. en seco)

Azúcar que añades a las bebidas (café, té) o alimentos (yogur, cuajada), 1 cucharadita de postre

Ajo

Especias

Arroz integral (60 g. en crudo)

Pasta integral (60 g. en crudo)

Cereales integrales: muesli, copos avena, tipo all-bran (30 g.)

Piezas de fruta (1 unidad)

Frutos secos (1 ración: 30 g.)

NUNCA
O CASI
NUNCA

A LA SEMANA AL DÍA

1 - 3 2 - 4

AL MES

1 5 - 6 1 2 - 3 4 - 6 6 +

CONSUMO MEDIO DURANTE EL AÑO PASADO

Por favor, marca una única opción para cada alimento.
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Carnes rojas, salchichas o embutidos (1 ración 100-150 g.)

Carne de pollo, pavo, conejo (1 ración 100-150 g.)

Pescado-mariscos (1 rac. de pescado: 100-150 g.; 1 rac. de mariscos: 4-5 piezas ó 200 g.)

Alimentos precocinados (1 ración)

Repostería comercial (no casera), incluyendo galletas, pasteles, flanes y postres dulces

Zumo natural (1 vaso)

Bebidas carbonatadas y/o azucaradas (refrescos, colas, tónicas, bitter) (1 lata, 33 cl.)

Bebidas “light” o “zero” (1 lata, 33 cl.)

Bebidas energéticas (Red Bull, Burn, etc.) (1 lata, 25 cl.)

Cerveza (1 lata, 33 cl.)

Cerveza sin alcohol (1 lata, 33 cl.)

Vino tinto (1 vaso, 100 ml.)

Otro tipo de vino (1 vaso, 100 ml.)

Vino en las comidas (1 vaso, 100 ml.)

Licores destilados: whisky, ginebra, coñac, anís (1 copa, 50 ml.)

NUNCA
O CASI
NUNCA

A LA SEMANA AL DÍA

1 - 3 2 - 4

AL MES

1 5 - 6 1 2 - 3 4 - 6 6 +

CONSUMO MEDIO DURANTE EL AÑO PASADO

Por favor, marca una única opción para cada alimento.

Continua de la página anterior

¿Qué porcentaje del aceite de oliva que consumes es virgen extra? < 25%No consumo 25-50% 51-75 % > 75%

¿Reutilizas el aceite de fritura?

¿Cuántas veces reutilizas el mismo aceite?

Nunca A veces Siempre

1-2 3-5 6 ó más

Accidente de tráfico con hospitalización de más de 24 horas

Otro accidente de tráfico sin hospitalización, pero con baja laboral

Accidente deportivo con lesión (que requirió tratamiento médico)

Otro tipo de accidente con lesión, incluyendo cualquier fractura

Hipertensión arterial ( más de 8,5 de mínima o más de 13 de máxima)

Osteoporosis

Colesterol alto (más de 240 mg/dl)

Infarto de miocardio

Angina de pecho

Cirugía coronaria (“by-pass”)

Fibrilación auricular

Aneurisma de aorta

Insuficiencia cardiaca

Embolia pulmonar

Trombosis venosa periférica

Diabetes (excluye diabetes gestacional)

Diabetes gestacional

Accidente cerebral vascular (trombosis, embolia o hemorragia)

Claudicación intermitente (insuficiencia arterial periférica)

Embarazo (indica fecha parto o fecha prevista de parto)

Consulta al médico por dificultad para lograr embarazo

Operación de cataratas

Diagnóstico de cataratas sin operación

Aumento de más de media dioptría en la miopía

Glaucoma

Año diagnóstico
Mes Año

Degeneración macular de retina

Bronquitis crónica o enfisema

Asma

Ulcera gástrica o duodenal

Cólico nefrítico

Cálculos  en la vesícula

Anorexia nerviosa o bulimia

Diagnóstico de ansiedad

Diagnóstico médico de depresión

Pólipos en colon o recto

Pérdida de memoria

Demencia

Alzheimer

Parkinson

Reuma

Artrosis

Artritis

¿Has sido diagnosticado por un médico 

de pérdida de memoria?

Tumor maligno  

Otra enfermedad (incluye tumores benignos)

(especificar)

NO SÍNO SÍ

Desde el último cuestionario que nos contestaste  ¿Has sido diagnosticado por un médico por PRIMERA VEZ  de alguna de estas condiciones? o ¿Has 
pasado por alguna de las siguientes circunstancias? (recuerda que tienes la fecha de respuesta del último cuestionario que nos enviaste en la etiqueta 
pegada junto al nº de identificación en la parte superior derecha de la primera cara.  Así pues, la fecha que escribas en las siguientes preguntas debe 
ser posterior a la que te indicamos):

¡GRACIAS POR TU COLABORACIÓN!

Por término medio en una semana típica, ¿cuántos días/semana bebes alcohol (vino, cerveza o licores destilados), incluyendo el que tomas en las comidas?
Nunca o casi nunca 1 2 3 4 5 6 7

¿Cuántos días/semana bebes vino en la comida?
Nunca o casi nunca 1 2 3 4 5 6 7

¿Cuál fue el máximo número de bebidas alcohólicas (sumado vino, cerveza y licor) que tomaste un día entre semana, un día de fin de semana o un 
día especial (celebración, boda, festividad)?

¿Has sido diagnosticado/a por un médico de enfermedad periodontal o gingivitis?

Ninguna 1-2 3-5 6-9 10-14 15 ó más

Mes:No Sí Año:

SUMCO 00000-13 (Ret.)

Año diagnóstico
Mes Año

¿Has notado últimamente pérdida de memoria? Mes:No Sí Año:



 

 

 

 

 

 

 

 

 

Annex 9 
Follow-up questionnaire (Q16) 
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2. Fecha nacimiento

CUESTIONARIO C_16 PROYECTO SUN

10. ¿Has fumado algún cigarrillo en las últimas 4 semanas?
No, nunca he fumado

Sí, fumo desde hace…

7. ¿Qué tipo de método usaste? (puedes elegir varias opciones)
No he perdido peso intencionadamente

Pérdida involuntaria (enfermedad, estrés, depresión)

Restricción energética (dieta hipocalórica)

No Sí  (meses)

6. ¿Has perdido peso intencionadamente?

Pérdida de peso Nº de veces

1-2 kg.

3-4 kg.

5-10 kg.

> 10 kg.

0

0

0

0

1-2 3-4 5-6 7 ó más

1-2 3-4 5-6 7 ó más

1-2 3-4 5-6 7 ó más

1-2 3-4 5-6 7 ó más

Sí (indica la pérdida y el número de veces) No (pasa a Pregunta 8)

Aumento de ejercicio físico

Cirugía bariátrica/bypass gástrico

Balón gástrico

Saltarte comidas/ayuno

Medicación

Otros

11. ¿Cuál es el nivel más alto de estudios que has completado?

No he acabado ninguna diplomatura ni licenciatura (pasa a pregunta 13)

Doctorado

Licenciatura - Escuela técnica superior - Grado

Diplomatura (ingeniería técnica - escuelas universitarias)

16. ¿Trabajas a turnos? No Sí

17. ¿Qué red/es social/es utilizas? Facebook Twitter ResearchGate Academia Linkedin Otras

0 1 2 3

< 1 año 6-9 1-2 años 3-5 10 ó más

0

1

2

3

4

5

6

7

8

9

0

1
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5

6

7

8

9
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8

9

0
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8

9

0
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2

3

4

5

6

7

8
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0

1

2

3

4

5

6

7

8

9

1. ID

Máster

Ninguna

Se presentan debajo afirmaciones que uno podría hacer de sí mismo. Debes describirte a ti mismo tan sinceramente como puedas eligiendo una 
de las 4 opciones siguientes: 0= Muy en desacuerdo;   1= Moderadamente en desacuerdo;   2= Moderadamente de acuerdo;   3= Muy de acuerdo

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

La gente me describiría como imprudente

Me parece que actúo totalmente por impulso

Aunque sabría hacerlo mejor, no puedo dejar de tomar decisiones precipitadas

A menudo siento que nada de lo que hago importa realmente

Los demás me ven como irresponsable

No soy muy bueno/a planificando con antelación

Con frecuencia mis pensamientos no tienen sentido para los demás

Me preocupo por casi todo

Me emociono fácilmente, a menudo por motivos muy pequeños

Estar solo/a en la vida me da más miedo que cualquier otra cosa

Me empeño en una manera de hacer las cosas, incluso cuando está claro que no funciona

He visto cosas que no estaban realmente allí

Me mantengo alejado/a de las relaciones sentimentales

No me interesa hacer amigos

Me irrito fácilmente por todo tipo de cosas

No me gusta intimar demasiado con los demás

No es tan importante si hiero los sentimientos de otras personas

Rara vez me entusiasmo con nada

Ansío llamar la atención

A menudo he de tratar con gente que es menos importante que yo

A menudo tengo pensamientos que tienen sentido para mí pero que otros ven extraños

Utilizo a la gente para conseguir lo que quiero

A menudo me quedo ensimismado/a y, cuando de pronto reacciono, veo que ha pasado un buen rato

Las cosas que me rodean a menudo me parecen irreales, o más reales de lo normal

Me resulta fácil aprovecharme de los demás

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3

Mañanas Tardes Noches Rotatorio Fines de semana Otros

No, dejé de fumar hace…

Nº de cigarrillos/día...

< 1 año

Ocasio-
nalmente 1-4 5-14 15-24 25-34 35-44 45+

6-9 años 1-2 años 3-5 años 10 ó más años

12. ¿Has terminado alguna de estas carreras?
Medicina

Farmacia

Biológicas

Ninguna carrera biosanitaria

Enfermería

Nutrición-Dietética

Otra carrera biosanitaria

Psicología
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En caso de necesidad dobla por esta línea

3. Peso 
actual (kg.)

4. Peso mínimo 
en los 2 últimos 

años (kg.)

5. Peso máximo 
en los 2 últimos 

años (kg.)

9. ¿Conoces tu peso al nacer? (En gramos)
8. ¿Recibiste lactancia materna?

Dormir por la noche (horas)

Dormir la siesta (minutos)  

Dormir por la noche (horas)

Dormir la siesta (minutos)  

13. Tiempo medio de sueño en día típico entre semana

Tiempo que tardas en dormirte (minutos) Tiempo que tardas en dormirte si te despiertas por la noche (minutos)
15. ¿Cuánto tardas en dormirte?

14. Tiempo medio de sueño en día típico de fin de semana

18. ¿Qué tiempo semanal dedicas a las redes sociales? (horas/semana)



Accidente de tráfico con hospitalización de más de 24 horas

Otro accidente de tráfico sin hospitalización, pero con baja laboral

Accidente deportivo con lesión (que requirió tratamiento médico)

Otro tipo de accidente con lesión, incluyendo cualquier fractura

Hipertensión arterial (más de 8,5 de mínima o más de 13 de máxima)

Osteoporosis

Colesterol alto (más de 240 mg/dl)

Infarto de miocardio

Angina de pecho

Cirugía coronaria (“by-pass”)

Fibrilación auricular

Aneurisma de aorta

Insuficiencia cardiaca

Embolia pulmonar

Trombosis venosa periférica

Diabetes (excluye diabetes gestacional)

Diabetes gestacional

Accidente cerebral vascular (trombosis, embolia o hemorragia)

Claudicación intermitente (insuficiencia arterial periférica)

Embarazo (indica fecha parto o fecha prevista de parto)

Consulta al médico por dificultad para lograr embarazo

Operación de cataratas

Diagnóstico de cataratas sin operación

Aumento de más de media dioptría en la miopía

Glaucoma

Degeneración macular de retina

Año diagnóstico
Mes Año

Bronquitis crónica o enfisema

Asma

Ulcera gástrica o duodenal

Cólico nefrítico

Cálculos  en la vesícula

Anorexia nerviosa o bulimia

Diagnóstico médico de ansiedad

Diagnóstico médico de depresión

Pólipos en colon o recto

Pérdida de memoria

Demencia

Alzheimer

Parkinson

Reuma

Artrosis

Artritis

Artritis reumatoide

Operaciones (cadera, rodilla, etc.)

Gingivitis (sangrado de encías, inflamación)

Tumor maligno (especificar)  

Otra enfermedad (incluye tumores benignos)

(especificar)

NO SÍNO SÍ

47. ¿Qué medicación o suplementos dietéticos (incluyendo vitaminas, fibras, salvado, etc.) consumes de modo HABITUAL?:

45. ¿Has sido diagnosticado/a alguna vez de migrañas?

La siguiente pregunta solo deben responderla las mujeres
46. ¿Te han desaparecido las reglas?

No consumo medicación o suplementos

Consumo a diario la siguiente medicación o suplementos (si necesitas más espacio, añade una hoja por favor)

FÁRMACO Nº veces al día Y DOSIS

4.

5.

FÁRMACO Nº veces al día Y DOSIS

1.

2.

6.3.

Año diagnóstico
Mes Año

48. Alimentación   (por favor, marca una única opción para cada alimento)

Para cada alimento, marca el recuadro que indica la frecuencia de consumo
por término medio durante el año pasado. 

Se asume el tamaño de una ración típica.

CONSUMO MEDIO DURANTE EL AÑO PASADO

NUNCA
O CASI
NUNCA

A LA SEMANA AL DÍA

1 - 3 2 - 4

AL MES

1 5 - 6 1 2 - 3 4 - 6 6 +

Pan integral (3 rebanadas, 60 g)

Arroz integral (ración de 60 g en seco)

Pasta integral (ración de 60 g en seco)

Cereales integrales de desayuno (muesli, avena, all-bran) (30 g)

Alimentos funcionales (leches enriquecidas, margarinas con fitoesteroles, cereales enriquecidos)

Bebidas carbonatadas y/o azucaradas (refrescos, colas, tónicas, bitter) excluyendo las bebidas “light” (1 lata: 33 cl.)

Refrescos light o zero (1 lata: 33 cl.)

Fruta (una pieza o ración)

Verduras y hortalizas (1 ración: 200 g)

¿Con qué frecuencia realizas comidas en lugares de fast-food (pizzerías, hamburgueserías)?

Azúcar que añades a bebidas o alimentos (1 cucharadita)

Edulcorantes no calóricos

Sal en las comidas (después de cocinar)
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44. Desde el último cuestionario que nos contestaste  ¿has sido diagnosticado por un médico por PRIMERA VEZ  de alguna de estas condiciones? 
o ¿has pasado por alguna de las siguientes circunstancias? (recuerda que tienes la fecha de respuesta del último cuestionario que nos enviaste 
en la etiqueta pegada junto al nº de identificación en la parte superior derecha de la primera cara.  Así pues, la fecha que escribas en las 
siguientes preguntas debe ser posterior a la que te indicamos):

Mes:No Sí Año:

Mes:No Sí      ¿Cuándo? Año:



 

 

 

 

 

 

 

 

 

Annex 10 
Follow-up questionnaire (Q18) 
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CUESTIONARIO C_18 PROYECTO SUN

 ¿Has fumado algún cigarro, cigarrillo tradicional, cigarrillo de baja combustión o cigarrillo electrónico en las últimas 4 semanas?

No, nunca he fumado

Sí, fumo desde hace…

¿Ha fallecido alguno de tus siguientes familiares?

Madre

Padre

Abuela Materna

Abuelo Materno

Abuela Paterna

Abuelo Paterno

< 1 año

Vaginal
Por 

Cesárea

6-9 1-2 años 3-5 10 ó más
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8
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ID
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3

0

1

0
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0
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8
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0

1

2

0

1

2

3

4

5

6

7

8

9

No, dejé de fumar hace…

Nº de cigarrillos/día...

< 1 año

< 3 meses

Nunca o 
casi nunca

Ocasio-
nalmente 1-4 5-14 15-24 25-34 35-44 45+

6-9 años 1-2 años 3-5 años 10 ó más años
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En caso de necesidad dobla por esta línea

EdadNO SÍ
No sé

la edad

¿Qué tiempo dedicas en total al uso de ordenador (horas/semana)?

¿Qué tiempo dedicas en total al uso de otras pantallas: TV, tablet, móvil (horas/semana)?

 ¿Qué medicación o suplementos dietéticos (incluyendo vitaminas, fibras, salvado, etc.) consumes de modo HABITUAL?:

¿Con qué frecuencia atiendes o realizas ceremonias o prácticas religiosas (se asume que aproximadamente duren en torno a 
media hora)?

 ¿Has sido diagnosticado/a  por un médico alguna vez de las siguientes enfermedades?

Psoriasis

La siguiente pregunta solo deben responderla las mujeres

 ¿Te han desaparecido permanentemente las reglas?

No consumo medicación o suplementos

No deseo contestar esta pregunta

5-6 / sem2-4 / sem 1 día 2-3 / día

Nunca / casi nunca 1-3 / mes 1 / sem

FÁRMACO O SUPLEMENTO Nº VECES AL DÍA Y DOSIS

4.

5.

FÁRMACO O SUPLEMENTO Nº VECES AL DÍA Y DOSIS

1.

2.

6.3.

Mes:No Sí Año:

3 o más / día

¿Te has realizado en los 2 últimos años análisis para medir el nivel de creatinina en la sangre?

Valor más 
reciente (mg/dL)No Sí No sé

Dermatitis atópica Mes:No Sí Año:

Vitíligo Mes:No Sí Año:

Enfermedad renal crónica Mes:No Sí Año:

No ¿A qué edad
desaparecieron?

¿Cómo fue tu
nacimiento?

¿Con qué frecuencia tomas bebidas sin alcohol con gas (1 vaso de refresco, agua con gas, tónica, etc.)?

¿Recibiste lactancia
 materna?

Fecha nacimiento
Día Mes Año

Peso actual 
(Kg.)

0

1

2

3

4

5

6

7

8

9

0

1

2

0

1

2

3

4

5

6

7

8

9

Perímetro
cintura (cm.)

No sé No 3 a <6 meses

1-3 mes 1 semana 2-4 semana 5-6 semana 1 día 2-3 día 4-6 día +6 día

6 a <12 meses 12 meses o más No sé

Nunca o 
casi nunca

¿Con qué frecuencia tomas bebidas alcohólicas con gas (cerveza, cava, vinos espumosos, etc.)?

1-3 mes 1 semana 2-4 semana 5-6 semana 1 día 2-3 día 4-6 día +6 día

Menos de 3 veces¿Has acudido en los últimos 2 años a cabinas de radiación UV artificial? No De 3 a 10 veces Voy con frecuencia

,

Consumo a diario la siguiente medicación o suplementos (si necesitas más espacio, 
añade una hoja por favor)

Sí 



Se presenta debajo el cuestionario de Ryff que mide las dimensiones del bienestar psicológico. Debes describirte a tí mismo tan sinceramente como puedas 
eligiendo una de las 6 opciones siguientes: 

1= Totalmente en desacuerdo;   2= Bastante en desacuerdo;   3= Algo en desacuerdo;   4= Algo de acuerdo;   5= Bastante de acuerdo;   6= Totalmente de acuerdo

Cuando repaso la historia de mi vida estoy contento con cómo han resultado las cosas
A menudo me siento solo porque tengo pocos amigos íntimos con quienes compartir mis preocupaciones
No tengo miedo de expresar mis opiniones, incluso cuando son opuestas a las opiniones de la mayoría de la gente
Me preocupa cómo otra gente evalúa las elecciones que he hecho en mi vida
Me resulta difícil dirigir mi vida hacia un camino que me satisfaga
Disfruto haciendo planes para el futuro y trabajar para hacerlos realidad
En general, me siento seguro y positivo conmigo mismo
No tengo muchas personas que quieran escucharme cuando necesito hablar
Tiendo a preocuparme sobre lo que otra gente piensa de mí
He sido capaz de construir un hogar y un modo de vida a mi gusto
Soy una persona activa al realizar los proyectos que propuse para mí mismo
Siento que mis amistades me aportan muchas cosas
Tiendo a estar influenciado por la gente con fuertes convicciones
En general, siento que soy responsable de la situación en la que vivo
Me siento bien cuando pienso en lo que he hecho en el pasado y lo que espero hacer en el futuro
Mis objetivos en la vida han sido más una fuente de satisfacción que de frustración para mí
Me gusta la mayor parte de los aspectos de mi personalidad
Tengo confianza en mis opiniones incluso si son contrarias al consenso general
Las demandas de la vida diaria a menudo me deprimen
Tengo clara la dirección y el objetivo de mi vida
En general, con el tiempo siento que sigo aprendiendo más sobre mí mismo
No he experimentado muchas relaciones cercanas y de confianza
Es difícil para mí expresar mis propias opiniones en asuntos polémicos
En su mayor parte, me siento orgulloso de quien soy y la vida que llevo
Sé que puedo confiar en mis amigos, y ellos saben que pueden confiar en mí
Cuando pienso en ello, realmente con los años no he mejorado mucho como persona
Tengo la sensación de que con el tiempo me he desarrollado mucho como persona
Para mí, la vida ha sido un proceso continuo de estudio, cambio y crecimiento
Si me sintiera infeliz con mi situación de vida daría los pasos más eficaces para cambiarla

Accidente de tráfico con hospitalización de más de 24 horas
Otro accidente de tráfico sin hospitalización, pero con baja laboral
Accidente deportivo con lesión (que requirió tratamiento médico)
Otro tipo de accidente con lesión, incluyendo cualquier fractura
Hipertensión arterial (más de 8,5 de mínima o más de 13 de máxima)
Osteoporosis
Colesterol alto (más de 240 mg/dl)
Infarto de miocardio
Angina de pecho
Cirugía coronaria (“by-pass”)
Fibrilación auricular
Aneurisma de aorta
Insuficiencia cardiaca
Embolia pulmonar
Trombosis venosa periférica
Diabetes (excluye diabetes gestacional)
Diabetes gestacional
Accidente cerebral vascular (trombosis, embolia o hemorragia)
Claudicación intermitente (insuficiencia arterial periférica)
Embarazo (indica fecha parto o fecha prevista de parto)
Consulta al médico por dificultad para lograr embarazo
Cataratas (sin operación)
Cataratas (con operación)
Aumento de más de media dioptría en la miopía
Glaucoma
Degeneración macular de retina
Migrañas

FECHA
Mes Año

Bronquitis crónica o enfisema
Asma
Ulcera gástrica o duodenal
Cólico nefrítico
Cálculos  en la vesícula
Anorexia nerviosa o bulimia
Diagnóstico médico de ansiedad
Diagnóstico médico de depresión
Pólipos en colon o recto
Pérdida de memoria
Demencia
Alzheimer
Parkinson
Reuma
Artrosis
Artritis
Artritis reumatoide
Operaciones (cadera, rodilla, etc.)
Gingivitis (sangrado de encías, inflamación)
Tumor maligno (especificar)  

Otra enfermedad (incluye tumores benignos)

NO SÍNO SÍ
FECHA

Mes Año
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       Desde el último cuestionario que nos contestaste  ¿has sido diagnosticado/a por un médico por PRIMERA VEZ  de alguna de estas 
condiciones? o ¿has pasado por alguna de las siguientes circunstancias? (recuerda que tienes la fecha de respuesta del último 
cuestionario que nos enviaste en la parte superior derecha de la primera cara.  Así pues, la fecha que escribas en las siguientes 
preguntas debe ser posterior a la que te indicamos):

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

(especificar)

1 2 3 4 5 6

Desacuerdo Acuerdo



 

 

 

 

 

 

 

 

 

Annex 11 
Brief questionnaire (Qb) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



CUESTIONARIO BREVE. ESTUDIO SUN
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Día Mes Año

1. Fecha de Nacimiento

(Kg.)

2. Peso actual
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Accidente de tráfico con hospitalización de más de 24 h.

Otro accidente de tráfico sin hospitalización, pero con baja
laboral

Accidente deportivo con lesión (que requirió tratamiento médico)

Otro tipo de accidente con lesión, incluyendo cualquier fractura

Hipertensión arterial ( más de 8,5 de mínima o más de 13
de máxima)

Osteoporosis

Colesterol alto (más de 240 mg/dl)

Infarto de miocardio

Angina de pecho

Cirugía coronaria (“by-pass”)

Fibrilación auricular

Aneurisma de aorta

Insuficiencia cardiaca

Embolia pulmonar

Trombosis venosa periférica

Diabetes (excluye diabetes gestacional)

Diabetes gestacional

Accidente cerebral vascular (trombosis, embolia o hemorragia)

Claudicación intermitente (insuficiencia arterial periférica)

Embarazo (indica fecha parto o fecha prevista de parto)

Consulta al médico por dificultad para lograr embarazo

Mes Año

Fecha
aproximada
diagnóstico

NO SÍ
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Operación de cataratas

Diagnóstico de cataratas sin operación

Aumento de más de media dioptría en la miopía

Glaucoma

Degeneración macular de retina

Bronquitis crónica o enfisema

Asma

Úlcera gástrica o duodenal

Cólico nefrítico

Cálculos  en la vesícula

Anorexia nerviosa o bulimia

Diagnóstico de ansiedad

Diagnóstico médico de depresión

Pólipos en colon o recto

Tumor maligno (señalar el tipo)

Tumor de

Otra enfermedad (incluye tumores benignos)

(especificar)

Mes Año
NO SÍ

4. Si toma algún fármaco de manera habitual puede indicarlo a continuación:

Fármaco 1 Fármaco 2 Fármaco 3

3. Desde , marque si ha sido diagnosticado de alguna de las siguientes enfermedades:

Fecha
aproximada
diagnóstico

Fecha



GRACIAS POR SEGUIR PARTICIPANDO

SUMCO 00000-06 (Ret.)

Para más información:

http://www.unav.es/preventiva/sun

Para cualquier comentario o sugerencia dispone del siguiente recuadro:

Sólo si ha cambiado de dirección, debe indicarla en la hoja de color que le adjuntamos.

Si sigue teniendo la misma dirección solamente debe rellenar este documento.



 

 

 

 

 

 

 

 

 

Annex 12 
IFPS Survey 2018 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 
 
 
 

The International Food Policy Study (IFPS) includes annual surveys 

conducted in each participating country (Canada, Australia, US, UK, 

Mexico). 

The surveys assess seven primary policy domains: price/taxation, 

food packaging and labelling, retail food policies, food marketing, 

nutritional labelling in restaurants, nutrition information and 

education, and food guide/dietary recommendations. They can be 

found on http://foodpolicystudy.com/methods/ - surveys. 

The 2018 IFPS surveys for each country are available for download 

on the following links: 

International Food Policy Study: 2018 Australia Survey 

International Food Policy Study: 2018 Canada Survey 

International Food Policy Study: 2018 Mexico Survey 

International Food Policy Study: 2018 United Kingdom Survey 

International Food Policy Study: 2018 United States Survey 

 

 

http://foodpolicystudy.com/methods/
http://foodpolicystudy.com/wp-content/uploads/2019/08/2018-IFPS-Australia-Survey_20190830.pdf
http://foodpolicystudy.com/wp-content/uploads/2019/08/2018-IFPS-Canada-Survey_20190830.pdf
http://foodpolicystudy.com/wp-content/uploads/2021/02/2018-IFPS-Mexico-Survey_20210223.pdf
http://foodpolicystudy.com/wp-content/uploads/2019/09/2018-IFPS-UK-Survey_20190909.pdf
http://foodpolicystudy.com/wp-content/uploads/2021/02/2018-IFPS-USA-Survey_20210223.pdf
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Abstract

Dietary guidelines play a key role in setting standards for nutrition policies and promoting

healthy eating. Like other public health guidelines, they are often influenced by political and

economic factors that could place other concerns ahead of the population’s health. In order

to determine their effectiveness on obesity prevention, we prospectively examined the asso-

ciation between adherence to the latest available national dietary guidelines and the inci-

dence of overweight/obesity in a Spanish cohort study. A sample of 11,554 participants of

the “Seguimiento Universidad de Navarra” (SUN) cohort, initially free of overweight or obe-

sity, was included in the study. The Spanish Society of Community Nutrition (SENC) food

pyramid (FP) score was computed based on the ratio of consumed to recommended daily

servings of grains, fruits, vegetables, dairy, protein-rich foods, olive oil, red and processed

meat, sweets, salty snacks and spreadable fats, fermented alcoholic beverages and water.

The same approach was followed to calculate the SENC hydration pyramid (HP) score, con-

sidering the intake of water and different kind of beverages. Adherence was calculated at

baseline and after 10 years of follow-up. Cox proportional hazards models were used to

assess the incidence of overweight/obesity (BMI�25 kg/m2). During a median follow-up of

10.3 years, 2320 incident cases were identified. The highest level of adherence to the

SENC FP score was modestly associated with a reduced risk of overweight/obesity (multi-

variable-adjusted HR for the fifth quintile vs. the first quintile = 0.78; 95% CI: 0.67–0.91; p-

trend: 0.007). No consistent trends were found for the SENC HP. In a large prospective

cohort of Spanish university graduates, we found an inverse linear association between

adherence to the SENC FP and overweight/obesity risk, whereas this was not the case for

the HP.
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Introduction

Chronic or non-communicable diseases (NCDs) account for 71% (41 million) of global deaths

[1]. Reducing NCD mortality by 2030 is one of the challenging targets of the Sustainable

Development Goals [2]. Dietary habits and nutritional status, including overweight and obe-

sity, constitute one of the leading modifiable risk factors for NCDs. In this context, dietary

guidelines are issued in order to promote overall health and delay the onset of these prevent-

able chronic diseases. Dietary guidelines provide evidence-based nutrition recommendations

that play an important role in setting nutritional public health policies and educating the popu-

lation about healthy food choices. Thus, it seems important to evaluate the actual health impact

of dietary guidelines in the long-term using prospective cohorts.

In contrast to other countries, neither the Spanish Ministry of Health nor the Spanish Min-

istry of Agriculture have developed national dietary guidelines. The first comprehensive die-

tary guidelines for the Spanish population were published in 1995 by experts in nutrition and

public health affiliated with the Spanish Society of Community Nutrition (“Sociedad Española

de Nutrición Comunitaria”, SENC, http://www.nutricioncomunitaria.org) [3]. They were

updated in 2002, 2004 and, more recently, in 2016 [4–6]. Additionally, in 2018, SENC and

other scientific societies of primary healthcare professionals developed a more practical ver-

sion of the guidelines, with an emphasis on food sustainability. This edition was published by

Editorial Planeta with the title “Healthy Dietary Guidelines for primary healthcare and citizen

groups”, and its rationale has been explained in a scientific publication [7].

The latest version of the guidelines highlight the importance of physical activity, emotional

status, energy balance, healthy cooking procedures and adequate hydration [6]. Beyond those

new elements, recommendations have always promoted a balanced, varied and moderate diet

[3–6]. However, guidelines do not provide any quantitative guidance for moderate or occa-

sional consumption, and contextual factors are poorly aligned with moderate eating [8]. In

addition, currently available evidence suggests that greater dietary diversity (i.e., eating “a var-

ied diet” or “everything in moderation”) is not necessarily beneficial in terms of promoting an

optimal body weight and healthy eating patterns [9,10].

The SENC dietary guidelines also include the possibility of a moderate and responsible con-

sumption of fermented alcoholic beverages [6], which is inconsistent with the positioning of

the Spanish Society of Epidemiology (Sociedad Española de Epidemiologı́a; SEE) [11] and

other scientific evidence in the Spanish population [12–14]. Furthermore, there is a global and

national concern regarding the potential presence of commercial bias in nutrition research

and an undue influence in the elaboration of dietary guidelines [15–23].

Some studies have previously examined the cross-sectional association between adherence

to the SENC recommendations and body mass index (BMI), suggesting that the Spanish die-

tary guidelines may be an effective tool for obesity prevention [24,25]. However, no study has

yet prospectively assessed the risk of developing overweight and obesity according to adher-

ence to the latest SENC guidelines, taking into account both the food and hydration pyramid

recommendations. Therefore, our aim was to evaluate this potential association in the Univer-

sity of Navarra Follow-up (“Seguimiento Universidad de Navarra”, SUN) Project, a large Med-

iterranean prospective cohort of Spanish university graduates.

Materials and methods

Study population

The SUN project is a dynamic (i.e., recruitment permanently open), multipurpose prospective

cohort study of Spanish university graduates focused on evaluating the effects of healthy

Spanish dietary guidelines and overweight/obesity
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dietary patterns on the incidence of major chronic diseases. The recruitment started in Decem-

ber 1999 at the University of Navarra, and graduates from this and other Spanish universities

are invited to participate on an annual basis. Once participants accept to enter the study, they

receive a detailed questionnaire by ordinary mail or an email with a personal code to answer

the questionnaire at the SUN website. Voluntary completion of the first self-administrated

questionnaire is considered to imply informed consent. Every two years, shorter follow-up

questionnaires are sent by ordinary mail or emailed to track changes in lifestyle habits, diagno-

sis of new diseases, and general well-being. The overall follow-up rate approaches 91%. Further

details of its design, methods, objectives and main results to date have been published else-

where [26]. The Institutional Review Board of the University of Navarra approved the study

protocol, which was in accordance with Declaration of Helsinki guidelines. This study was reg-

istered at clinicaltrials.gov as NCT02669602.

Up to July 2018, the data set of the SUN project included 22,791 participants. To ensure

that all participants had the opportunity to answer the 2-year follow-up questionnaire, 22,467

participants who had answered the baseline questionnaire before October 2015 were consid-

ered eligible (Fig 1)

For the present longitudinal analyses, we excluded participants with prevalent overweight

or obesity (BMI�25 kg/m2) at baseline (n = 6655) and those who reported implausible values

for total energy intake (n = 1628) according to predefined limits (>4000 kcal/d in men and

>3500 kcal/d in women or<800 kcal/d in men and<500 kcal/d in women) in order to reduce

information bias [27]. We also excluded women who were pregnant at baseline (n = 95), par-

ticipants with chronic disease at baseline (diabetes, cardiovascular disease and/or cancer)

(n = 714), and those with a weight change >10 kg in the previous 5 years before entering the

cohort to reduce potential sources of confounding by other causes of weight change (n = 393).

Among the remaining 12982 participants, 1160 were lost to follow-up, leaving a total of 11822

(retention rate = 91%) available for analysis. Additionally, we excluded 268 participants who

had missing values in the variables of interest. Finally, a sample of 11,554 participants was

available for the analysis.

Exposure assessment and the SENC FP/HP score

A 136-item semi-quantitative food frequency questionnaire (FFQ) repeatedly validated in

Spain [28,29] was completed at baseline and after 10 years of follow-up. The FFQ assessed par-

ticipants’ usual intake of foods and beverages consumed in the past year. A typical Spanish

portion size was specified for each item, and consumption frequencies were divided into 9 cat-

egories ranging from never/almost never to>6 servings/day. The nutrient databank was

updated using Spanish food composition tables [30].

Adherence to the Spanish dietary guidelines was assessed according to the latest version

published by the SENC committee of experts in 2016 [6,7], which included both a food pyra-

mid (FP) and a hydration pyramid (HP) with consumption recommendations for the follow-

ing food and beverage groups: grains and byproducts, fruits, vegetables, dairy, protein-rich

foods, olive oil, red and processed meat, sweets, salty snacks and spreadable fats, fermented

alcoholic beverages (wine and beer), water and other beverages (including coffee, tea, fruit and

vegetable juices, and diet and regular soda). Physical activity recommendations (60 minutes

per day) were used to estimate the daily recommended intake of grains and byproducts, as

advised by the guidelines.

Dietary intakes from the baseline FFQ were used to calculate both the SENC FP and HP

scores, which were updated with the use of the 10-year follow-up dietary assessment if the par-

ticipant was followed for longer than 10 years and had completed the 10-y follow-up FFQ. The

Spanish dietary guidelines and overweight/obesity
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Fig 1. Flow chart of the selection process among participants of the SUN cohort.

https://doi.org/10.1371/journal.pone.0226565.g001
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baseline score was used for participants that had not completed the 10-y FFQ (i.e., the last

observations were carried forward) to prevent participants being excluded from the analyses.

The percentage of participants who completed two FFQs was 38% (4407 out of 11,554 partici-

pants) due to the different recruiting times, according to the dynamic design (i.e., recruitment

is permanently open, and the subset of participants recruited less than 10 years ago did not

have the opportunity to complete the 10-y FFQ). The percentage of participants that were fol-

lowed for longer than 10 years but had not completed the 10-y follow-up FFQ was 37% (2564

out of 6971).

Adherence was assessed following the method that was proposed for the German Food Pyr-

amid Index [31], which was adapted to the components and recommendations of the SENC

dietary guidelines. The details on the components included in the scores and the scoring crite-

ria can be found in Tables 1 and 2. Briefly, the score for food groups recommended on a daily

basis was calculated according to the following criteria:

• Intakes below the recommended servings: points assigned were given by the following Eq

(1):

score ¼
servings consumed

recommended servings ðlower limitÞ
� 10

• Intakes within the recommended servings: 10 points were assigned.

• Intakes exceeding the recommended servings: points assigned were given by the following

Eq (2):

score ¼
recommended servings ðupper limitÞ

servings consumed
� 10

Points assigned were different in the case of fruits, vegetables and water because recom-

mended servings refer to a minimum intake, not maximum.

� Fruits and vegetables: 20 points were assigned (i.e., 10 extra points were assigned if rec-

ommendations were exceeded to account for potential health benefits of intakes above

the recommended).

� Water: 10 points were assigned.

In addition, 10 extra points were given if whole-grain bread was preferred (the SENC FP

recommends to eat all grains as whole grains, but information on other whole-grain products

was unavailable in our cohort) and protein food sources were varied (i.e., lean meat, fish and

shellfish, eggs, legumes and nuts).

The score for food groups that are limited to an “optional, occasional and moderate” con-

sumption was calculated using the same equations, but with different criteria. Due to their

nutritional composition, these foods are not recommended on a daily basis and is preferable to

eat as little as possible. Guidelines do not provide any quantitative guidance regarding these

food groups, so we defined the maximum recommended frequency of occasional consumption

as<1 serving per day based on previous research [25]

• Intakes below and within the recommended servings: 10 points were assigned.

Spanish dietary guidelines and overweight/obesity
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Table 1. Scoring criteria: SENC Food Pyramid (2016).

Food groups and FFQ items included RS Scoring

Criteria Value

(points)

Range

(points)

Recommendation: On a daily basis

Cereal grains and byproducts

Pasta, rice, cereals, bread, potato, green peas

4, 5 or

6c

S�RS Eq.(1)a 0–20

S>RS Eq.(2)b

Whole-grain

breadd

10

Fruits

Citrus, grapes, banana, apple, pear, strawberry, peach, apricot, nectarine, cherries, plums, figs, melon, watermelon, mango,

papaya, kiwi, fruit canned in its own juice, dried fruite, 100% fruit juicef

3–4 S<3 Eq.(1) 0–20

S�3 and S �4 10

S>4 20

Vegetables

Swiss chard, spinach, cabbage, cauliflower, broccoli, lettuce, chicory, carrot, tomatoes, green beans, eggplant, zucchini,

cucumber, pepper, asparagus, others

2–3 S<2 Eq.(1) 0–20

S�2 and S �3 10

S>3 20

Dairy

Milk, milk-based products, yogurt, fresh cheese

2–3 S<2 Eq.(1) 0–10

S�2 and S �3 10

S>3 Eq.(2)

Protein-rich foods

Lean meat (chicken, turkey, rabbit), fish & shellfish, eggs, legumes, nuts

1–3 S<1 Eq.(1) 0–20

S�1 and S �3 10

S>3 Eq.(2)

Varied sourcesg 10

Olive oil 4.5–5.5 S<4.5 Eq.(1) 0–10

S�4.5 and S
�5.5

10

S>5.5 Eq.(2)

Water 4–6 S <4 Eq.(1) 0–10

S�4 10

Recommendation: Optional, occasional and moderateh

Red and processed meats

Beef, veal, pork, lamb, liver, other viscera, serrano ham, cooked ham, spicy pork sausage, salami, mortadella, foie-gras, black

pudding, bacon, other cured or smoked meats, hamburger, hot dog

<1 S<1 10 0–10

S�1 Eq.(2)

Sweets, salty snacks and spreadable fats

Custard, pudding, ice-cream, potato chips, cookies, muffins, donuts, croissant, cakes, churros, chocolates, nougat, marzipan,

ready-to-consume pies and other formulations, instant soups, pizza, margarine, mayonnaise

<1 S<1 10 0–10

S�1 Eq.(2)

Fermented alcoholic beverages

Wine and beer

1 or 2f S�RS 10 0–10

S>RS 0

a Eq (1):

score ¼
servings consumed ðSÞ

recommended servings ðRSÞ lower limit
� 10

b Eq (2):

score ¼
recommended servings ðRSÞ upper limit

servings consumed ðSÞ
� 10

c According to daily physical activity (PA): RS = 4 if PA <30 min/day; RS = 5 if PA �30 and PA�60 min/d; RS = 6 if PA >60 min/d.
d 10 extra points were given if at least 0.5 S of whole-grain bread were consumed.
e Dried fruit (raisins, figs) were included within recommended fruit intake if fresh fruit intake �3 S.
f 100% fruit juices were included within recommended fruit intake if juice intake �1 S.
g 10 extra points were given if participants varied their protein sources (�3 different ones per day).
h “Optional, occasional or moderate” consumption was defined as <1 S based on previous research [25].
f According to sex: RS = 1 for women; RS = 2 for men.

https://doi.org/10.1371/journal.pone.0226565.t001
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• Intakes exceeding the recommended servings: points assigned were given by Eq (2), with

the exception of alcoholic beverages, for which 0 points were assigned to participants who

exceeded the maximum intake (i.e., 1 serving per day for women and 2 for men) to account

for potential health risks of intakes above the recommended.

In total, the score quantified the consumption of seven food groups recommended on a

daily basis and three food groups that should only be occasionally consumed. Each of the ten

components ranged from 0 (non-compliance) to 10 points (perfect compliance). Therefore,

the SENC FP score ranged from 0 (lowest adherence) to 100, plus 40 extra points (highest

adherence).

Likewise, the score for beverage groups recommended on a daily basis was calculated

according to the following criteria:

• Intakes below the recommended servings: points assigned were given by Eq (1).

Table 2. Scoring criteria: SENC Hydration Pyramid (2016).

Beverage groups and FFQ items included RS Scoring

Criteria Value (points) Range (points)

Recommendation: On a daily basis

Level

1

Water

Tap and bottled mineral water

10c S<10 Eq.(1)a 0–20

Level

2

Low/non-caloric beveragesd

Diet (artificially sweetened) carbonated beverages and

non-sugared coffee

S = 10 10

Level

3

Caloric beverages with some nutrientse

Vegetable juices (i.e., ‘gazpacho’), broths, fresh fruit juices, milk and milk-based products, sugared

coffeef

S>10 Eq.(2)b

Compliance with the hierarchy

levelsg

10

Recommendation: Optional, occasional and moderateh

Level

4

Calorically sweetened beverages without nutrients

Sugar-sweetened beverages and commercial fruit juices

1 S<1 10 0–10

S �1 Eq.(2)

a Eq (1):

score ¼
servings consumed ðSÞ

recommended servings ðRSÞ
� 10

b Eq (2):

score ¼
recommended servings ðRSÞ

servings consumed ðSÞ
� 10

c Guidelines recommend to consume a total of 10 servings per day of water, low/non-caloric beverages, caloric and nutritive

beverages, and water coming from foods.
d Information on tea consumption was unavailable as it was not included in the FFQ.
e Information on milk replacers, alcohol-free beer, and sports drinks consumption was not included in the FFQ. Sugar content of milk

and milk-based products was unavailable.
f Information on sugared coffee was unavailable, so we distinguished between consumption of coffee with or without added sugar

based on the question “Do you add sugar to some beverages?”.
g 10 extra points were assigned to those participants who complied with hierarchy levels of the beverage groups recommended on a

daily basis (consumption of water>low/non-caloric beverages>caloric beverages)
h “Optional, occasional or moderate” consumption was defined as <1 S based on previous research [25].

https://doi.org/10.1371/journal.pone.0226565.t002
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• Intakes within the recommended servings: 10 points were assigned.

• Intakes exceeding the recommended servings: points assigned were given by Eq (2).

In order to take into account the preference for water over other beverages and preference

for low/non-caloric beverages over caloric beverages, 10 extra points were assigned to those

participants who complied with the hierarchy levels of the HP (i.e., the first level of the HP

includes the most recommended beverages and the fourth level the least recommended

beverages).

The score for calorically sweetened beverages without nutrients limited to occasional intake

(defined as<1 serving per day) was given by the following criteria:

• Intakes below the recommended servings: 10 points were assigned.

• Intakes within and exceeding the recommended servings: points assigned were given by E
(2).

Thus, the total SENC HP score ranged from 0 (lowest adherence) to 20 plus 10 extra points

(highest adherence).

Outcome assessment

Weight and height were self-reported by participants at baseline and every 2 years of follow-

up. BMI was calculated as weight in kilograms divided by height in meters squared (kg/m2).

Self-reported weight and BMI have been previously validated in a representative subsample of

the SUN cohort finding highly correlated results [32]. The correlation coefficients between

measured and self-reported weight and BMI were 0.991 (95% CI: 0.986–0.994) and 0.944 (95%

CI: 0.986–0.965), respectively. Incident cases of overweight and obesity were defined as those

participants with BMI<25 kg/m2 at baseline and BMI�25 kg/m2 during follow-up.

Covariate assessment

Considering that risk of overweight/obesity is determined by multiple factors, several covari-

ates were used for multivariable adjustment. In addition to dietary data, the baseline question-

naire gathered information on anthropometric, sociodemographic, medical and lifestyle

variables (e.g., sex, age, marital status, smoking status, sleeping hours, television viewing, eat-

ing attitudes like snacking between meals and following a special diet, and family medical his-

tory). Physical activity was evaluated with the use of a previously validated questionnaire that

included information such as frequency and time spent in 17 sport activities [33]. Total min-

utes of physical activity per day were calculated by summing up time spent in each activity.

The daily physical activity of participants was quantified to estimate the recommended intake

of grains and byproducts according to dietary guidelines.

Statistical analysis

Participants were classified into quintiles (Q) of adherence to the SENC FP: Q1 (<68), Q2

(68–76), Q3 (76–83), Q4 (83–93), and Q5 (>93). Because the variability for the HP score range

was limited among participants in our cohort, adherence to the SENC HP was classified in ter-

tiles (T): T1 (<11), T2 (11–15) and T3 (>16). The use of quantiles is consistent with the fact

that dietary assessment has been done using FFQs, which are tools better suited to rank indi-

viduals rather than to accurately measure absolute intakes.

Inverse probability weighting was used to determine the age- and sex-adjusted baseline

characteristics of participants according to quintiles of the SENC FP and tertiles of the SENC
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HP in order to remove differences that were only explained by the different age and sex distri-

bution across baseline adherence to the SENC FP and HP.

To determine the contribution of each food group to the between-person variance in adher-

ence to the SENC FP, we constructed a series of nested least-squares linear regression models

after stepwise-selection regression analyses [27]. The additional contribution of a given food

group was reflected in the cumulative R2.

Cox proportional hazards models were used to evaluate whether conformity with the SENC

dietary guidelines was associated with the development of overweight/obesity over the follow-

up time. Hazard Ratios (HR) and their 95% Confidence Intervals (CI) were estimated consid-

ering the lowest quantile as the reference. To minimize the potential effect of diet variation

during follow-up and reduce measurement error, dietary data was updated after 10 year of fol-

low-up. The follow-up time was defined as the interval between the date of recruitment to the

date of the follow-up questionnaire in which the participant entered in the category of over-

weight/obesity for the first time, the date of death, or the date of the last questionnaire. The

Cox model included age as the underlying time variable for all analyses. After age- and sex

adjusted analyses, multivariable models were additionally adjusted for known risk factors of

weight gain and potential confounders (selection based on a priori subject-matter knowledge)

by using baseline values of the following covariates: BMI (kg/m2, continuous), physical activity

(METs-h/week, quartiles), hours of TV watching (quartiles), smoking status (never, current,

or former), marital status (single, married, other), highest level of education achieved (gradu-

ate, postgraduate), total energy intake (kcal/day, continuous), snacking between meals (yes,

no), following a special diet at baseline (yes, no), family history of obesity (yes, no) and hours

of siesta sleep (0, >0 –�0.5,>0.5). Analyses were stratified by age groups (10-y periods) and

year of recruitment (4-y periods). Robust standard errors (SEs) were used. Tests of linear trend

across increasing quantiles of adherence to the SENC FP and HP were conducted for risk of

overweight/obesity. The median values of adherence to the scores were assigned for each cate-

gory and were used as continuous variables in the Cox models to assess dose-response rela-

tionships. We checked the proportional-hazards assumption using Schoenfeld residuals. The

results for dummy variables for each quantile of the exposure were non-significant, suggesting

the effect was not time-varying.

Multiple linear regression models were used to evaluate the association between quintiles of

the SENC FP and average yearly weight change during follow-up. We estimated β regression

coefficients and their 95% CI, which should be interpreted as the difference in average yearly

weight change (g/y) for each of the upper four quintiles versus the lowest quintile.

Generalized estimating equations (GEE) were fitted to examine the association between

quintiles of the cumulative average SENC FP score and average BMI during follow-up, which

was biennially assessed. An exchangeable correlation structure was assumed, and the distribu-

tion was set to Gaussian and link function to identity. Absolute means were adjusted for all the

potential confounders previously described in the multivariable Cox models, and extreme and

median quintiles were graphically represented. In addition, to account for a potential non-lin-

ear relationship between the SENC FP score (as a continuous variable) and incident over-

weight/obesity, we used restricted cubic splines. The results were adjusted for the same

confounding factors as the main Cox regression analysis.

Furthermore, the influence of single food groups constituting the SENC FP on incidence of

overweight/obesity was examined by fitting the multivariable Cox models with each compo-

nent of the score individually and adjusting for the other components.

Given that the SENC FP provides no guidance on the maximum recommended frequency

of consumption of occasional food (i.e., red and processed meats, sweets, salty snacks and

spreadable fats) and inclusion of moderate alcohol consumption has been contested, the
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simultaneous effect of varying quantitative definitions regarding the consumption of occa-

sional food (<1 serving/day vs.<2 servings/week) and alcoholic beverages (�1–2 servings/

day vs. abstainers) was graphically represented as an ancillary analysis. The SENC FP score

was treated as a dichotomous variable using the median value as the cut-off in order to repre-

sent the entire sample in the figure.

Finally, multiplicative interactions (effect modification) between adherence to the SENC FP

and sex, age, physical activity (under/above the median [17 METS-h/week]) and baseline BMI

(under/above the median [22 kg/m2]) were evaluated using likelihood ratio tests that com-

pared the fully adjusted Cox regression model and the same model with the interaction prod-

uct-term.

Sensitivity analyses were conducted to explore the robustness of our findings by refitting

the multivariable-adjusted Cox regression model under several scenarios: excluding partici-

pants with energy limits between 5th and 95th percentiles, no answer in>12 items in the

136-item baseline FFQ, following a special diet at baseline, and early incident cases of over-

weight (participants who became overweight only after 2 years of follow-up); including partici-

pants with weight change>10kg over the past 5 years before entering the study; additionally

adjusting for weight gain�3kg over the past 5 years before entering the cohort; without adjust-

ing for snacking between meals and total energy intake, and considering outcome as obesity

(BMI� 30 kg/m2).

All P values were two-tailed, and P< 0.05 was considered significant. Statistical analyses

were performed with the use of STATA version 12.0 software (StataCorp LP).

Results

The study included 8419 women and 3135 men with a mean age of 35 years at baseline. We

identified 2320 cases of overweight/obesity during a median follow-up period of 10.3 y

(113,212 person-years). The median value of the SENC FP and HP score for the entire sample

was 80 (range: 25 to 137) and 11 (range: 2 to 30), respectively.

On average, adherence to the SENC FP was higher among those participants with a family

history of obesity, following a special diet, not snacking between meals, non-smokers and

more physically active. Regarding nutrient intake, subjects with a higher baseline adherence to

the SENC FP had a lower intake of fat (% energy) and higher intake of carbohydrates, fiber,

vitamins and minerals (Table 3). Participants in the third tertile, with higher SENC HP scores,

were more likely to have a lower SENC FP score and be less physically active than those in the

first tertile (Table 4).

The contributions of different food groups to the SENC FP score are shown in Table 5.

Fruits and vegetables, which together explained more than 50% of the variability, were the

major contributors to the SENC FP variability among participants from the SUN cohort.

HRs and 95% CIs for the association between the SENC FP and risk of overweight/obesity

during follow-up are shown in Table 6. Results suggested a beneficial effect in the highest quin-

tile of adherence to the SENC FP, which was associated with a modestly reduced risk of over-

weight/obesity (HR for the highest quintile compared with the lowest quintile: 0.78; 95% CI:

0.67–0.91; p-trend: 0.007), When we took advantage of repeated measurements by fitting Cox

models with updated dietary values after 10 y of follow-up, the protective association remained

significant (HR = 0.77; 95% CI: 0.67–0.89; p-trend: 0.003).

Absolute average yearly weight change (g/y) decreased across quintiles of the SENC FP. In

the multivariable adjusted model, participants in the highest quintile presented a yearly weight

change of 145 g (95% CI: 53–238) lower than those in the lowest quintile (Table 7).
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Table 3. Age- and sex-adjusted� baseline characteristics of participants according to quintiles (Q) of adherence to the SENC Food Pyramid (FP): The SUN Project,

1999–2015.

Variable Adherence to SENC Food Pyramid

Q1 Q2 Q3 Q4 Q5

N (frequency) 2311 2311 2311 2311 2310

SENC FP score 59.9 (7.1) 72.1 (2.3) 79.4 (2.1) 87.5 (2.8) 101.5 (7.4)

Age (years) 34.7 (10.7) 34.7 (10.7) 34.7 (10.7) 34.7 (10.8) 34.8 (11.0)

Female (%) 72.8 73.0 72.9 72.9 73.3

Body Mass Index (kg/m2) 21.6 (2.0) 21.7 (1.9) 21.7 (1.9) 21.8 (1.9) 21.7 (1.9)

Unemployed (%) 6.8 6.4 6.2 6.5 5.0

Married (%) 43.3 43.8 42.5 43.4 41.5

Living alone (%) 7.1 6.2 6.3 6.8 8.5

Special dieta (%) 4.6 5.4 5.2 6.3 8.6

Snacking (%) 34.5 36.1 32.1 32.7 28.6

Smoking status (%)

Never 45.9 52.7 53.4 54.5 58.3

Current 29.6 24.2 21.4 20.6 16.1

Years of education at university 5.0 (1.4) 5.0 (1.5) 5.0 (1.5) 5.0 (1.5) 5.0 (1.5)

Family history of obesity (%) 17.0 19.5 19.9 21.1 24.3

Physical activity (METs-h/week) 19.9 (20.9) 20.7 (20.2) 23.3 (21.5) 24.2 (21.8) 30.0 (28.7)

Television viewing (h/d) 1.6 (1.2) 1.6 (1.2) 1.6 (1.2) 1.5 (1.2) 1.5 (1.2)

Siesta >30 min (%) 16.9 14.9 15.0 15.6 15.0

Energy intake (kcal/d) 2070 (625) 2261 (577) 2377 (578) 2493 (563) 2609 (556)

Macronutrients (% E)

Carbohydrate 41.1 (8.0) 42.4 (6.9) 43.5 (6.8) 44.4 (6.8) 46.8 (6.6)

Protein 18.0 (4.1) 18.2 (3.1) 17.9 (2.9) 17.9 (2.9) 17.9 (2.8)

Fat 38.5 (7.0) 37.8 (6.3) 37.0 (6.3) 36.4 (6.3) 34.1 (6.3)

SFA 14.0 (3.6) 13.3 (2.9) 12.7 (2.8) 12.0 (2.8) 10.6 (2.7)

MUFA 16.1 (3.9) 15.9 (3.6) 15.9 (3.7) 15.9 (3.8) 15.1 (3.7)

PUFA 5.5 (1.9) 5.4 (1.6) 5.2 (1.5) 5.1 (1.4) 4.8 (1.3)

SENC FP components (servings/d)

Grains and byproducts 1.5 (1.1) 1.8 (1.2) 2.0 (1.3) 2.1 (1.3) 2.2 (1.3)

Whole-grain bread 0.05 (0.2) 0.1 (0.3) 0.2 (0.4) 0.3 (0.6) 0.5 (0.8)

Fruits 1.5 (1.2) 2.0 (1.2) 2.6 (1.5) 3.4 (2.0) 4.8 (2.3)

Vegetables 1.3 (0.9) 1.8 (0.9) 2.1 (1.0) 2.6 (1.5) 3.5 (1.7)

Dairy 2.0 (1.7) 2.3 (1.4) 2.4 (1.4) 2.5 (1.5) 2.7 (1.5)

Protein-rich foodsb 1.5 (0.7) 1.7 (0.6) 1.7 (0.6) 1.8 (0.6) 1.9 (0.6)

Olive oil 0.9 (1.0) 1.2 (1.1) 1.5 (1.3) 1.8 (1.4) 2.2 (1.5)

Red and processed meat 1.6 (0.8) 1.6 (0.8) 1.6 (0.8) 1.5 (0.8) 1.3 (0.7)

Sweets and salty snacks 4.4 (2.5) 4.3 (2.4) 4.2 (2.3) 4.0 (2.2) 3.4 (2.1)

Alcoholic beverages 0.5 (0.9) 0.4 (0.6) 0.4 (0.6) 03 (0.5) 0.3 (0.5)

Water 3.1 (2.6) 4.0 (2.6) 4.7 (2.4) 5.0 (2.4) 5.6 (2.3)

Micronutrients (mg/d)

Vitamin C 162 (90.3) 210 (88.0) 250 (104) 318 (138) 429 (174)

Vitamin D 2.9 (2.1) 3.4 (2.5) 3.6 (2.2) 3.9 (2.3) 4.5 (2.7)

Ca 1021 (505) 1151 (424) 1224 (408) 1324 (437) 1442 (433)

Na 3680 (2258) 3932 (2368) 3996 (2230) 4008 (2039) 3893 (1848)

K 3578 (1166) 4176 (1023) 4607 (1111) 5248 (1373) 6264 (1570)

Mg 322 (99.2) 370 (87.1) 405 (91.3) 454 (105) 528 (119)

(Continued)

Spanish dietary guidelines and overweight/obesity

PLOS ONE | https://doi.org/10.1371/journal.pone.0226565 December 31, 2019 11 / 25

https://doi.org/10.1371/journal.pone.0226565


Consistently, when generalized estimating equations were used to examine the relationship

between quintiles of the SENC FP and biennially updated average BMI over time, we also

observed modest differences in average BMI that were greater between extreme quintiles

(Fig 2).

Fig 3 represents the analysis using restricted cubic splines, which showed there was no devi-

ation from linearity for the inverse SENC FP- overweight/obesity association (P for non-lin-

earity = 0.171). Results suggest that moving from low/moderate to high (>80) adherence

could be responsible for a reduction in the risk of overweight/obesity. However, only highest

levels of adherence (>100) appear to be significantly protective.

In addition, we investigated the effect of a five-point increase in the individual SENC FP

components on the risk of overweight/obesity (Table 8). The only single component signifi-

cantly related to overweight/obesity risk was red and processed meat.

There were no significant interaction effects between quintiles of adherence to the SENC

FP score and sex, BMI, physical activity or age.

An ancillary analysis aimed at assessing if a different interpretation of the frequency of

occasional consumption and a different recommendation regarding alcohol consumption

could lead to substantially different results is depicted in Fig 4. Results suggested that more

explicit and restrictive guidance could lead to a greater protective effect. In fact, when SENC

FP was analyzed as a dichotomous variable, defining occasional consumption as<1 serving/

day and including a moderate consumption of alcoholic beverages (1–2 servings/day) resulted

in a non-statistically significant association.

For the SENC HP, no consistent trends were found (Table 9). The multivariable-adjusted

HR for participants in the highest tertile compared to those in the lowest tertile was 1.01 (95%

CI 0.90–1.13; p- trend: 0.908).

Finally, sensitivity analyses did not substantially change the main findings (Tables 10 and

11), reinforcing the robustness of our results.

Discussion

In the SUN cohort, better adherence to the SENC FP was modestly associated with a lower risk

of overweight/obesity (HR = 0.78; 95% CI: 0.67–0.91; p-trend: 0.007), whereas no association

was found for the SENC HP (HR = 1.01; 95% CI: 0.90–1.13; p-trend: 0.908).

Adherence to the SENC dietary guidelines and its association with obesity has been previ-

ously investigated in cross-sectional studies [24,25], which reported an inverse association

between a higher SENC FP score and the risk of overweight/obesity. To our knowledge, the

present study is the first prospective analysis to investigate this association and include the

evaluation of the hydration guidelines (SENC HP), which do not seem to be independently

Table 3. (Continued)

Variable Adherence to SENC Food Pyramid

Q1 Q2 Q3 Q4 Q5

Folate (μg/d) 278 (111) 340 (107) 389 (118) 466 (158) 581 (179)

Total dietary fiber (g/d) 18.2 (8.0) 22.6 (6.9) 26.6 (8.1) 31.9 (10.1) 41.1 (12.4)

Total alcohol intake (g/d) 7.1 (10.7) 5.2 (7.3) 5.1 (6.7) 4.8 (6.3) 4.4 (5.8)

Mean and standard deviation (SD), or %

�Adjusted through inverse probability weighting
a Special diets were mainly hypocaloric, lipid-lowering and low-sodium diets.
b Lean meat (chicken, turkey, rabbit), fish & shellfish, eggs, legumes, nuts.

https://doi.org/10.1371/journal.pone.0226565.t003
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Table 4. Age- and sex-adjusted� baseline characteristics of participants according to tertiles (T) of adherence to

SENC Hydration Pyramid (HP): The SUN Project, 1999–2015.

Variable Adherence to SENC Hydration Pyramid

T1 T2 T3

N (frequency) 3852 3851 3851

SENC HP score 10.3 (1.2) 11.0 (0.9) 19.8 (2.4)

SENC FP score 87.8 (14.2) 77.3 (12.6) 75.3 (14.8)

Age (years) 34.7 (11.0) 34.7 (11.0) 34.8 (10.4)

Female (%) 72.9 72.9 72.9

Body Mass Index (kg/m2) 21.8 (1.9) 21.7 (1.9) 21.7 (2.0)

Unemployed (%) 6.0 6.9 5.8

Married (%) 41.9 43.9 43.1

Living alone (%) 7.3 6.8 7.1

Special diet (%) 6.0 5.1 6.6

Snacking (%) 32.8 34.1 32.1

Smoking status (%)

Never 52.4 55.3 51.0

Current 22.3 21.3 23.9

Years of education at university 5.0 (1.5) 5.0 (1.5) 5.0 (1.5)

Family history of obesity (%) 21.7 18.9 20.3

Physical activity (METs-h/week) 26.9 (25.8) 21.8 (21.1) 21.4 (20.1)

Television viewing (h/d) 1.6 (1.2) 1.5 (1.1) 1.6 (1.2)

Siesta >30 min (%) 16.3 15.8 14.2

Energy intake (kcal/d) 2632 (558) 2288 (572) 2169 (576)

SENC HP components (servings/d)

Water 5.8 (2.4) 3.8 (2.1) 3.9 (2.7)

Low/non-caloric & non-nutritive 1.1 (1.5) 0.7 (1.0) 1.4 (1.3)

Caloric & nutritive 3.1 (1.8) 2.2 (1.3) 1.3 (0.9)

Calorically sweetened & non-nutritive 0.4 (0.7) 0.3 (0.4) 0.3 (0.4)

Water from foods 7.4 (2.7) 5.2 (1.7) 5.2 (2.3)

Macronutrients (% E)

Carbohydrate 45.1 (7.0) 43.1 (7.2) 42.7 (7.3)

Protein 18.2 (3.0) 17.9 (3.2) 17.9 (3.3)

Fat 35.4 (6.4) 37.4 (6.5) 37.5 (6.6)

SFA 11.9 (3.1) 13.0 (3.2) 12.7 (3.2)

MUFA 15.2 (3.6) 16.0 (3.7) 16.1 (3.8)

PUFA 4.9 (1.4) 5.3 (1.6) 5.4 (1.6)

SENC FP components (servings/d)

Grains and byproducts 2.1 (1.3) 1.9 (1.3) 1.7 (1.2)

Whole-grain bread 0.3 (0.6) 0.2 (0.5) 0.2 (0.5)

Fruits 3.8 (2.4) 2.4 (1.6) 2.4 (1.8)

Vegetables 2.9 (1.7) 1.9 (1.0) 2.0 (1.3)

Dairy 3.1 (1.7) 2.2 (1.2) 1.8 (1.2)

Protein sources 1.9 (0.7) 1.7 (0.6) 1.6 (0.6)

Olive oil 1.7 (1.4) 1.4 (1.3) 1.4 (1.3)

Red and processed meat 1.6 (0.8) 1.5 (0.8) 1.5 (0.8)

Sweets and salty snacks 4.4 (2.5) 4.1 (2.3) 3.8 (2.2)

Alcoholic beverages 0.4 (0.6) 0.4 (0.6) 0.4 (0.7)

Total dietary fiber (g/d) 33.9 (13.2) 25.3 (9.9) 25.0 (11.3)

(Continued)
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associated with lower incidence of overweight/obesity. Taken together, results from our study

suggest that recommendations from the SENC dietary guidelines are only partly effective in

preventing long-term weight gain.

We acknowledge that dietary guidelines must be seen as part of a larger, intersectoral effort,

involving improved public health policies and the promotion of healthy environments in

order to be effective at obesity prevention. Nevertheless, they play an influential role in setting

standards for nutrition and agricultural policies, and are the main reference for communities,

health professionals, and government for promoting healthy eating. Ultimately, they have an

influence on dietary choices, which represent a widely recognized target for preventing obesity

and its associated comorbidities [34].

Although recent evidence suggests that greater dietary diversity (encouraged by dietary

guidelines) is not necessarily beneficial to promote a healthy body weight [9,10], the inverse

association between adherence to the SENC FP score and risk of overweight/obesity could be

explained by the recommendations on physical activity and key food groups like fruits and

vegetables. However, results suggest that guidelines could be considerably improved, and, as

discussed subsequently, it could be argued that the lack of quantitative guidance and relevant

updates are among the main challenges.

Dietary guidelines have always elicited controversy over the influential role of the food

industry’s interests in their development, the focus on nutrients rather than foods, use of

euphemisms and ambiguous terms (e.g., ‘moderate’ instead of ‘avoid’), conflicts of interest

among committee members, and the process itself [22,23]. The 2015 Dietary Guidelines for

Americans resolved some of these issues by developing the 2015 Dietary Guidelines Advisory

Committee’s 571-page scientific report [35] and by focusing on healthy food patterns, which

are the current state of the art in nutritional epidemiology [36,37]. The latest version of these

guidelines was evaluated in relation to obesity risk obtaining favorable results [38].

Moreover, other countries like Australia have modified their dietary guidelines not only

according to new evidence, but also addressing public concerns of those who considered that

Table 4. (Continued)

Variable Adherence to SENC Hydration Pyramid

T1 T2 T3

Total alcohol intake (g/d) 5.2 (7.5) 5.0 (7.5) 5.8 (8.2)

�Adjusted through inverse probability weighting

https://doi.org/10.1371/journal.pone.0226565.t004

Table 5. Main sources of variability in the adherence to the SENC Food Pyramid (SFP) of participants from the

SUN cohort.

SFP Components R2 Change in R2

Vegetables 0.39

Fruits 0.61 0.22

Protein-rich foods 0.72 0.11

Grains and byproducts 0.81 0.09

Water 0.87 0.06

Red and processed meat 0.90 0.03

Alcohol 0.93 0.03

Olive oil 0.95 0.03

Dairy products 0.98 0.02

https://doi.org/10.1371/journal.pone.0226565.t005
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the message of the pyramid should not be to convey what not to eat. An updated version of

their food pyramid in which foods that should be eaten in small amounts (i.e., those high in

fats, sugar and salt) were replaced by healthy fats like olive oil was launched in 2013 [39], and

research has shown that following these guidelines is linked to 30% lower risk of obesity [40].

Likewise, most recent Canada’s 2019 plate-style Food Guide introduced some major changes:

dairy have lost their prominent position and minimally processed plant-based foods have been

prioritized. To ensure that the development of dietary guidance is free from conflict of interest,

industry-commissioned reports were excluded from the review process. Importantly, they also

acknowledged that healthy eating is a shared responsibility, encouraging governments to take

action [41].

European countries like Sweden and Denmark have chosen to simplify their dietary guide-

lines and mainly focus on key foods to eat more or less of, rather than providing a comprehen-

sive description of a daily diet [42]. This model has been recently adopted by the Public Health

Agency of Catalonia, an autonomous community in Spain, which has published a new food

guide seeking to clarify nutritional recommendations [43].

As a result of the nutrition transition and the increasing consumption and availability of

highly processed foods, the 2014 Brazilian dietary guidelines [44] adopted the NOVA food

classification, which is based on the nature, extent and purpose of food processing [45]. It has

Table 6. Hazard ratios (HR) and 95% confidence intervals (CI) for incident overweight/obesity according to quintiles (Q) of adherence to the SENC Food Pyramid

in the SUN Project.

Adherence to the SENC Food Pyramid

Q1 Q2 Q3 Q4 Q5 p trend

N 2311 2311 2311 2311 2310

Cases 545 484 468 453 370

Person-years 22,991 22,929 23,243 22,115 21,934

Age- and sex-adjusted 1 (ref.) 0.93 (0.82, 1.05) 0.94 (0.83, 1.06) 1.00 (0.88, 1.13) 0.84 (0.74, 0.97) 0.063

Repeated measures 1 (ref.) 0.91 (0.81, 1.03) 0.92 (0.81 1.04) 0.99 (0.87, 1.12) 0.82 (0.72, 0.93) 0.010

Multivariable adjusteda 1 (ref.) 0.88 (0.78, 1.00) 0.93 (0.82, 1.06) 0.93 (0.81, 1.07) 0.78 (0.67, 0.91) 0.007

Repeated measures 1 (ref.) 0.88 (0.78, 0.99) 0.92 (0.81, 1.04) 0.94 (0.83, 1.07) 0.77 (0.67, 0.89) 0.003

Age was used as the underlying time variable in all the models.

All the models were stratified by age groups and year of recruitment.
a Additionally adjusted for baseline BMI (kg/m2, continuous), physical activity (METs-h/week, quartiles), hours of TV watching (quartiles), smoking status (current,

never, former), marital status (single, married, other), highest level of education achieved (graduate, postgraduate), total energy intake (kcal/day, continuous), snacking

between meals (yes, no), following a special diet at baseline (yes, no), family history of obesity (yes, no), hours of siesta (0, >0 – �0.5, >0.5). Robust standard errors were

used.

https://doi.org/10.1371/journal.pone.0226565.t006

Table 7. Estimates (differences and 95% confidence intervals) for average yearly weight change (g/y) according to quintiles (Q) of adherence to the SENC Food Pyr-

amid in the SUN Project.

Adherence to the SENC Food Pyramid

Q1 Q2 Q3 Q4 Q5 p trend

Age- and sex-adjusted differences 0 (ref) -26 (-111 to 59) -84 (-169 to 1.80) -135 (-221 to -49) -158 (-244 to -72) <0.001

Multivariable-adjusted differencea 0 (ref) -20 (-105 to 65) -70 (-157 to 17) -122 (-211 to -34) -145 (-238 to -53) <0.001

Absolute yearly weight change (g), adjusted meana 449 (387 to 512) 429 (369 to 490) 379 (319 to 439) 327 (266 to 386) 304 (241 to 366)

a Additionally adjusted for baseline BMI (kg/m2, continuous), physical activity (METs-h/week, quartiles), hours of TV watching (quartiles), smoking status (current,

never, former), marital status (single, married, other), highest level of education achieved (graduate, postgraduate), total energy intake (kcal/day, continuous), snacking

between meals (yes, no), following a special diet at baseline (yes, no), family history of obesity (yes, no), hours of siesta (0, >0 – �0.5, >0.5) and year of recruitment.

https://doi.org/10.1371/journal.pone.0226565.t007
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been suggested that this classification could be more nutritionally relevant than current food

classifications based on botanical or animal origin, and could lead to improved and more

meaningful dietary guidelines [46]. In the last few years, many studies have reported the non-

salutary effects of ultra-processed food consumption [47], including a higher risk of over-

weight/obesity and mortality in the SUN cohort [48,49]. In addition, it is well documented

that the processed food and beverage industry also contributes to the burden of disease

through their aggressive marketing and attempts to shape government policy and public opin-

ion in their favor [50]. Hence, national dietary guidelines issued recently in Latin American

countries included explicit recommendations such as “avoid consumption of ultra-processed

foods” and “be wary of food advertising and marketing” [51,52].

By contrast, the most widely used dietary guidelines in Spain, which are developed and

authored by experts from the SENC, have changed very little over the last century. For

instance, despite being the major source of carbohydrate intake in the Spanish population

[53], grains and byproducts are still at the base of the FP. This situates other key carbohydrates

sources like fruits and vegetables at a secondary level, at a time when their consumption is

inadequate [54] and their role in prevention of chronic diseases is more than well-known. Fur-

thermore, according to the SENC FP, energy intake from grains and byproducts should be

adjusted based on the level of physical activity, which tends to be low in the general population

[55]. On the other hand, the main novelties in the last updated version were the inclusion of

factors like emotional status, energy balance, cooking methods, and nutritional supplements.
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Specific recommendations for physical activity and hydration were also added. Just like the

aforementioned countries made timely changes, in the case of Spain it is not clear whether the

updates were aligned with public health priorities. In fact, driving the attention to hydration,

physical activity and energy balance has been recognized as one of the main ways in which

some of the food industry biggest players reframe the debate about the causes of obesity and

skew the evidence towards solutions that protect their financial interests [56–59].

In terms of message framing, it is also important to highlight that the advice to eat certain

foods “in moderation” may lose its practical meaning in the absence of quantitative guidance

and in the presence of contextual factors that are poorly aligned with moderate and healthy

eating [8]. Nowadays, it is possible to choose from thousands of different discretionary or junk

foods and portion sizes are increasingly big. In addition, confusing and ambiguous terminol-

ogy is known to be further harnessed by some sections of the food industry who take advan-

tage of it by lobbying against sensible regulations (i.e., tax sugary beverages) and using

misleading marketing strategies [60]. It is also remarkable that, like other dietary guidelines,

Spanish dietary guidelines include the possibility of a “moderate and responsible” consump-

tion of alcoholic beverages. Although there are other relevant dimensions beyond the amount

of alcohol consumed [61], it should not be a generalized option as the possible heart-related

benefits of moderate alcohol consumption only outweigh increased risk of alcohol-related

accidents in older people (60+) for which cardiovascular disease are the main cause of death

[62]. On average, for the whole population, there is clear evidence that alcohol is a huge global

0.60

0.80

1.00

1.40

H
az

ar
d 

R
at

io
, 9

5%
 C

I

0 20 40 60 80 100 120 140
 

Adherence to the SENC Food Pyramid

0

500

1000

1500

2000

 

Fig 3. Restricted cubic splines of the association between the SENC (Spanish Society of Community Nutrition) Food

Pyramid score and risk of overweight/obesity in the SUN cohort. Multivariable model adjusted for sex, age, baseline BMI,

physical activity, hours of TV watching, smoking status, marital status, highest level of education achieved, total energy
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as the underlying time variable and model was stratified by age groups and year of recruitment.
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health hazard and its consumption should not be encouraged in any way [63]. Findings from

this study suggest that more restrictive recommendations regarding occasional food and alco-

hol consumption may be preferable in terms of obesity prevention. Similarly, a previous cross-

sectional study evaluating the 2004 SENC dietary guidelines in relation to obesity showed that

different definitions for the frequency of occasional consumption led to substantially different

results. Moreover, the terms “moderate and responsible” place responsibility on individuals

and ignore that individuals themselves have the least power over key factors driving consump-

tion, such as taste, cost, convenience, or promotions. Noteworthy, the focus on personal

responsibility can be used for policy inaction by favoring downstream interventions, which

place high agency on individuals, rather than more effective, upstream, regulatory or fiscal

strategies [64,65].

Another novelty of the latest SENC guidelines are the beverage recommendations repre-

sented in the HP. Nonetheless, our results regarding the SENC HP were not conclusive, as

there was not a consistent trend relating HP adherence and risk of overweight/obesity. As

highlighted in a review, there are other important aspects that warrant increased attention

globally, such as the ecological impacts of diets and sociocultural factors including economic

disparities and rapid dietary transitions toward ultraprocessed food consumption [66].

The present study has several limitations that should be taken into account. Dietary intake

was self-reported through a FFQ so potential measurement error of the exposure, inherent to

the methodology, could exist. However, the FFQ was previously validated [28,29] and this

approach to assess habitual food consumption in large cohorts is in line with best practice rec-

ommendations [27]. Another methodologic limitation is that the FFQ used in our cohort did

not gather information about consumption of whole-grain products (only bread), milk replac-

ers, alcohol-free beer, tea nor sports drinks, which were considered in the SENC dietary

Table 8. Influence of a five-point increase in the single SENC Food Pyramid (FP) components on the risk of over-

weight/obesity.

SENC FP Component Higher score reflects Adjusted HR (95%

CI)�

Vegetables Higher consumption 1.01 (0.96, 1.05)

Fruits Higher consumption 0.96 (0.92, 1.00)

Water Higher consumption 1.04 (0.97, 1.11)

Grains and byproducts Greater compliance with recommended

consumptiona
0.95 (0.89, 1.01)

Dairy Greater compliance with recommended

consumptiona
1.01 (0.93, 1.10)

Protein-rich foods Greater compliance with recommended

consumptiona
1.01 (0.97, 1.06)

Olive oil Greater compliance with recommended

consumptiona
0.95 (0.87, 1.05)

Red and processed meats Lower consumption 0.81 (0.73, 0.91)

Sweets, salty snacks and spreadable

fats

Lower consumption 0.96 (0.86, 1.08)

Fermented alcoholic beverages Lower consumption 0.99 (0.92, 1.07)

a Too low as well as too high intakes had a penalizing effect on the score.

�Each component of the SENC FP was added into the model (adjusting for the other components). Adjusted for sex,

baseline BMI, physical activity, hours of TV watching, smoking status, marital status, highest level of education

achieved, total energy intake, snacking between meals, following a special diet at baseline, family history of obesity,

hours of siesta. Stratified by age groups and year of recruitment.

https://doi.org/10.1371/journal.pone.0226565.t008
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guidelines. Other details like salt content of water and sugar content of milk, milk-based prod-

ucts, fruit juices and coffee were also unavailable. Moreover, we distinguished between coffee

with or without sugar based on answers to “Do you add sugar to some beverages?”, but this

question was not exclusive to coffee. Another potential limitation of our study is the self-

reported nature of the outcome, which implies a potential source of information bias. Never-

theless, self-reported weight and BMI were previously validated in our cohort obtaining good

correlation results [32]. In addition, our cohort is restricted to university graduates, so the

sample is not representative of the Spanish population. However, this restriction allows us to

Fig 4. Multivariable-adjusted HRs for overweight/obesity according to adherence to the SENC Food Pyramid

score (above vs. below the median [P50]) with different quantitative definitions for occasional food and alcohol

consumption. The SENC FP does not provide quantitative guidance for food groups limited to an occasional

consumption (red and processed meats, sweets, salty snacks and spreadable fats). We defined occasional consumption

as<1 serving/day in our main analyses based on previous research. The SENC FP also includes the possibility of a

moderate consumption of fermented alcoholic beverages (defined as 1–2 servings/day according to sex). Alternatively,

we assessed the effect of the SENC FP on overweight/obesity risk defining occasional consumption as<2 servings/

week and excluding the possibility of consuming alcohol.

https://doi.org/10.1371/journal.pone.0226565.g004
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Table 9. Hazard ratios (HR) and 95% confidence intervals (CI) for incident overweight/obesity according to tertiles (T) of adherence to the SENC Hydration Pyra-

mid in the SUN Project.

Adherence to the SENC Hydration Pyramid

T1 T2 T3 p trend

N 3852 3851 3851

Cases 730 759 831

Person-years 37,205 38,575 37,432

Age- and sex-adjusted 1 (ref.) 0.92 (0.83, 1.01) 1.00 (0.91, 1.11) 0.289

Repeated measures 1 (ref.) 0.93 (0.84, 1.02) 1.00 (0.91, 1.11) 0.406

Multivariable adjusted a 1 (ref.) 1.01 (0.90, 1.12) 1.01 (0.90, 1.13) 0.908

Repeated measures 1 (ref.) 1.00 (0.90, 1.11) 1.01 (0.90, 1.12) 0.899

Age was used as the underlying time variable in all the models.

All the models were stratified by age groups and year of recruitment.
a Additionally adjusted for baseline BMI (kg/m2, continuous), physical activity (METs-h/week, quartiles), hours of TV watching (quartiles), smoking status (current,

never, former), marital status (single, married, other), highest level of education achieved (graduate, postgraduate), total energy intake (kcal/day, continuous), snacking

between meals (yes, no), following a special diet at baseline (yes, no), family history of obesity (yes, no), hours of siesta (0, >0 – �0.5, >0.5) and SENC FP score minus

water (continuous).

Robust standard errors were used.

https://doi.org/10.1371/journal.pone.0226565.t009

Table 10. Sensitivity Analyses. Hazard Ratios (95% Confidence Intervals) of incident overweight/obesity for the fifth

quintile (Q5) compared with the first quintile (Q1) of adherence to the SENC Food Pyramid.

Cases N Q5 vs. Q1

(ref)

p trend

Overall 2320 11,554 0.78 (0.67,

0.91)

0.007

Energy limits: Percentiles 5–95 2301 11,637 0.81 (0.69,

0.94)

0.014

Excluding participants with no answer in >12 items out of 136 in the

baseline FFQ

2116 10,613 0.81 (0.70,

0.95)

0.029

Excluding participants following a special diet at baseline 2122 10,875 0.77 (0.66,

0.91)

0.004

Including participants with weight change >10kg over the past 5 years

before entering the study

2449 11,874 0.80 (0.60,

0.92)

0.015

Additionally adjusted for weight gain�3kg over the past 5 years before

entering the cohort

2320 11,554 0.78 (0.68,

0.91)

0.008

Without adjusting for snacking between meals 2320 11,554 0.78 (0.67,

0.90)

0.005

Without adjusting for total energy intake 2320 11,554 0.83 (0.72,

0.96)

0.059

Excluding early cases of overweight/obesity (first 2 y) 1547 10,780 0.78 (0.65,

0.93)

0.015

Considering outcome as obesity (BMI� 30 kg/m2) 759 15,489 0.75 (0.59,

0.96)

0.024

Truncating follow-up at 10 years 1884 5414 0.80 (0.69,

0.94)

0.049

Age was the underlying time variable in all models.

Adjusted for sex, baseline BMI, physical activity, hours of TV watching, smoking status, marital status, highest level

of education achieved, total energy intake, snacking between meals, following a special diet at baseline, family history

of obesity, hours of siesta. Stratified by age groups and year of recruitment.

https://doi.org/10.1371/journal.pone.0226565.t010
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control for socioeconomic status, and the homogeneity among participants reduces the likeli-

hood of misclassification bias, reducing potential confounding and increasing internal validity.

On the other hand, generalization should be based on biological plausibility rather than on sta-

tistical representativeness.

The strengths of our study include its prospective design, long follow-up period, relatively

large sample size, high retention rate and ability to control for many potential sources of con-

founding. We were also able to minimize the possibility of reverse causation bias through

exclusion of participants with baseline BMI� 25 kg/m2, and reduce potential measurement

errors with the use of repeated measurements of diet.

In conclusion, our results show that while adherence to the FP was associated with a lower

overweight/obesity risk, the HP was not. Given that dietary guidelines are designed for overall

well-being, further prospective studies examining other health outcomes are warranted. Ide-

ally, dietary guidelines could then be strengthened accordingly in order to support the most

appropriate nutritional education and food policies.
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1.10)

0.320

Considering outcome as obesity (BMI� 30 kg/m2) 759 15,489 0.94 (0.77,
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Validation: Miguel Ángel Martı́nez-González, Carmen Sayón-Orea, Maira Bes-Rastrollo.

Writing – original draft: Clara Gómez-Donoso.
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56. Barlow P, Serôdio P, Ruskin G, McKee M, Stuckler D. Science organisations and Coca-Cola’s ‘war’

with the public health community: insights from an internal industry document. Journal of Epidemiology

and Community Health. 2018; 72:761–763. https://doi.org/10.1136/jech-2017-210375 PMID: 29540465

57. Fabbri A, Holland T, Bero L. Food industry sponsorship of academic research: investigating commercial

bias in the research agenda. Public Health Nutr. 2018 Aug 30:1–9. [Epub ahead of print]. https://doi.

org/10.1017/S1368980018002100

58. Thacker P. Coca-Cola’s secret influence on medical and science journalists. BMJ. 2017; 357:j1638.

59. O’Connor A. Coca-Cola funds scientists who shift blame for obesity away from bad diets. The New

York Times, 2015 August [cited 16 November 2018]. Available from: https://well.blogs.nytimes.com/

2015/08/09/coca-cola-funds-scientists-who-shift-blame-for-obesity-away-from-bad-diets/

60. Nestle M. Soda politics: taking on big soda (and winning). Oxford University Press, 2015.

61. Gea A, Bes-Rastrollo M, Toledo E, Garcia-Lopez M, Beunza J, Estruch R et al. Mediterranean alcohol-

drinking pattern and mortality in the SUN (Seguimiento Universidad de Navarra) Project: a prospective

cohort study. British Journal of Nutrition. 2014; 111:1871–1880. https://doi.org/10.1017/

S0007114513004376 PMID: 24480368

62. National Vital Statistics System, National Center for Health Statistics, CDC. 10 Leading Causes of

Death by Age Group, United States– 2016. [cited 16 November 2018]. Available from: https://www.cdc.

gov/injury/wisqars/pdf/leading_causes_of_death_by_age_group_2016-508.pdf

63. Griswold M, Fullman N, Hawley C, Arian N, Zimsen S, Tymeson H et al. Alcohol use and burden for 195

countries and territories, 1990–2016: a systematic analysis for the Global Burden of Disease Study

2016. The Lancet. 2018; 392:1015–1035.

64. Savona N, Thompson C, Smith D, Cummins S. Proportional responsibility versus individual responsibil-

ity for healthy eating: A complex systems analysis. The Lancet. 2017; 390:S80.

65. Adams J, Mytton O, White M, Monsivais P. Why Are Some Population Interventions for Diet and Obe-

sity More Equitable and Effective Than Others? The Role of Individual Agency. PLoS Med. 2016; 13:

e1001990. https://doi.org/10.1371/journal.pmed.1001990 PMID: 27046234
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s u m m a r y

Background & aims: Given the enormous health, economic and societal consequences of the obesity
pandemic, identifying effective primary prevention strategies represents a global priority. The aim of this
study was to provide evidence on the association between adherence to a food-based score reflecting a
set of targeted, well-informed, simple dietary recommendations and the incidence of overweight/
obesity.
Methods: A total of 11,349 initially free of overweight/obesity young adults (mean [SD] age: 34.7 y
[10.7]), were followed up biennially during a median of 9.3 years. The Dietary Obesity-Prevention Score
(DOS) was created based on a priori evidence of foods associated with weight changes. The DOS posi-
tively weighted the consumption of vegetables, fruits, legumes, yogurt, nuts, fish, and a ratio of vegetable
to animal protein; whereas the consumption of red meat, processed meat, saturated animal fat, refined
grains, ultra-processed food, sugary beverages, beer and spirits were inversely weighted. Energy-
adjusted tertiles of each item were used to build the DOS, ranging from 14 (lowest adherence) to 42
points (highest adherence). Adherence to the DOS was calculated at baseline and after 10 years of follow-
up. We assessed both incident overweight/obesity (BMI �25 kg/m2) and average yearly weight changes
in grams per year (g/y).
Results: During 104,887 person-years, 2153 incident cases of overweight/obesity were identified. A
higher adherence to the DOS at baseline was significantly associated with lower risk of future devel-
opment of overweight/obesity [multivariable-adjusted HR (95% CI) for the highest vs. lowest
quintile ¼ 0.63 (0.54e0.74)], with a significant linear doseeresponse relationship (p for trend < 0.001).
When the analyses were updated with repeated measures, the results were similar and remained sta-
tistically significant. Consistently, increases in average yearly weight gain were significantly lower with
better adherence to the DOS.
Conclusions: In this Mediterranean cohort of university graduates, a higher adherence to a food-based
score was significantly associated with lower risk of overweight/obesity and lower average annual
weight gain. These findings may help counsel patients regarding dietary risks and raise awareness of
weight gain before the onset of overweight/obesity.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

The worldwide prevalence of obesity has tripled since 1975 [1].
According to WHO data, in 2016, more than 1.9 billion adults were
overweight and over 650 million were obese [2]. If recent trends
continue, by 2030, 3.3 billion adults (nearly 60% of theworld's adult
population) will suffer from obesity or overweight [3], which

Abbreviations: DOS, Dietary Obesity-Prevention Score; WHO, World Health
Organization; BMI, body mass index; NCDs, non-communicable diseases; SUN,
Seguimiento Universidad de Navarra/ Follow-up University of Navarra; FFQ, food
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standard deviation; SES, socioeconomic status; MET, metabolic equivalent index.
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means that, globally, excess body weight is not far from becoming
the norm.

A high body mass index (BMI) is well known to be associated
with increased risk of all cause mortality [4e6], and it is also a
major risk factor for non-communicable diseases (NCDs) including
type 2 diabetes, cardiovascular disease and certain types of cancer.
The growing rates of overweight/obesity place an extensive burden
on quality of life, morbidity, premature mortality and societal costs
[7e13].

In fact, high BMI and dietary risks have been identified as the
modifiable factors currently causing the greatest burden of disease
[14,15]. In this context, it is a global priority to find effective weight
gain prevention strategies through improvements in the diet
quality. In particular, sound evidence illustrates the need to focus
on the primary prevention of obesity and excessive weight gain
during young adulthood [16], which provides a new target that
could offer an effective transgenerational approach for obesity
prevention [17].

Evidence shows that multiple factors acting at different scales
may be contributing to obesity [18]. Among individual behaviors,
dietary habits represent a recognized target for addressing and
preventing obesity [19]. While individual macronutrients and cal-
orie counting were a key focus for weight status in the 1980s, at
present, growing evidence points to the importance of focusing on
overall high-quality diet and food pattern analysis rather than
looking at isolated foods or nutrients [20e24].

We aimed to prospectively evaluate the association between
adherence to a food-based Dietary Obesity-Prevention Score (DOS)
and the incidence of overweight/obesity in the SUN (“Seguimiento
Universidad de Navarra”) cohort.

2. Materials and methods

2.1. Study population

The SUN Project is a prospective, multipurpose, dynamic cohort
of Spanish university graduates that started in 1999. Enrolment is
permanently open and follow-up information is gathered by
mailed questionnaires every two years. A more detailed description
of the SUN methodology can be found elsewhere [25]. The study
was conducted according to Declaration of Helsinki guidelines, and
the protocol was approved by the Institutional Review Board of the
University of Navarra. This study was registered at clinicaltrials.gov
as NCT02669602.

We assessed 22,280 participants recruited before March 2014 to
ensure they completed at least the two-year follow-up question-
naire. We excluded 6624 participants because they had prevalent
overweight/obesity (BMI � 25 kg/m2) at baseline, 1615 participants
with total energy intake out of pre-defined limits [26], 128 women
who were pregnant at baseline, 779 participants who reported
cardiovascular disease, diabetes, or cancer at baseline and 375
participants with >10 kg weight change over the past 5 years at
baseline to reduce potential sources of confounding by other causes
of weight changes. Among the remaining participants, 1162 were
lost to follow-up (retention rate: 91%) and 248 participants had
missing values in �1 variables of interest, leading to a final sample
of 11,349 participants (Fig. 1).

2.2. The Dietary Obesity-Prevention Score (DOS)

Dietary intake at baseline and after 10 years of follow-up was
assessed using a self-administered semiquantitative food frequency
questionnaire (FFQ) previously validated in Spain [27,28] contain-
ing questions on the average consumption of 136 food items during
the year preceding enrollment. A trained dietitian updated the

nutrient databank using the latest available information included in
food composition tables for Spain [29].

Taking into account previous literature [19,30e39], we devel-
oped the Dietary Obesity-Prevention Score (DOS), a combined score
based on foods previously reported to be associated with weight
changes. The DOS positively weighted the consumption of vege-
tables, fruits, legumes, yogurt, nuts, fish, and vegetable-to-animal
protein ratio; while the consumption of red meat, processed
meat, saturated animal fat, refined grains, ultra-processed foods,
sugary beverages, beer and spirits were inversely weighted
(Supplemental Table 1).

To create the score, the consumption (g/d) of each of the 14 food
groups was adjusted for total energy intake by using the residual
method separately for men and women. The energy-adjusted es-
timates (residuals) were ranked according to their sex-specific
tertiles. The tertile values for food groups associated with
increased risks of weight gain or overweight/obesity in the litera-
ture were reversed (assigning a value of 3 for the first tertile and 1
to the third tertile).

To obtain the DOS, tertile values of positively weighted food
groups and reverse tertile values of those negatively weighted were
summed up. Thus, the final score could range from 14 (lowest
adherence) to 42 (highest adherence). Adherence to the DOS was
subsequently classified in quintiles (Q): Q1 (�24), Q2 (25e27), Q3
(28e29), Q4 (30e32), and Q5 (�33).

2.3. Outcome ascertainment

Weight was self-reported by participants at baseline and every 2
years of follow-up. BMI was calculated as weight in kilograms
divided by the square of height in meters, which was ascertained at
baseline. Self-reported weight and BMI have been previously vali-
dated in a subsample of this cohort finding good correlation results
[40]. The outcomes were: 1) incidence of overweight/obesity
(BMI<25 kg/m2 at baseline and �25 kg/m2 during follow-up); and
2) average yearly weight change (g/y).

2.4. Evaluation of covariates

In addition to anthropometric data, the baseline questionnaire
(554 items) gathered abundant information on sociodemographic
characteristics, medical history, lifestyle and health-related habits.
It also included a 17-item physical activity questionnaire that has
been validated in a subsample of the cohort [41]. Metabolic
equivalents (METs) were estimated for each participant to yield
METs-h/week scores.

2.5. Statistical analysis

Age- and sex-adjusted baseline characteristics of participants
according to quintiles of adherence to the DOS were evaluated with
ANCOVA.

To assess the risk of overweight/obesity across quintiles of
adherence to the DOS we used Cox proportional hazard models to
calculate hazard ratios (HRs) and their 95% confidence intervals
(CIs) considering the lowest quintile as the reference. Follow-up
time was defined as the interval between the date of return of
the baseline questionnaire to the date of a first report of a body
weight corresponding to overweight/obesity, the date of death, or
the date of the last questionnaire for non-cases. To minimize the
potential effect of diet variation during follow-up, dietary data was
updated after 10 years of follow-up and time-varying Cox propor-
tional hazard models were fitted with repeated measures of the
DOS.
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We also examined the relative influence of each of the food
groups within the score by subtracting one group at a time from the
original score (thus reducing the 42-point score to 39 points) and
estimating the 14 HRs associated with quintiles of baseline adher-
ence to the DOS (highest vs. lowest adherence) after alternate
subtraction of each of its components. To ensure proper compara-
bility, we multiplied the logarithm of the estimated HRs by 39/42
before exponentiating them.

Cox regression models included age as the underlying time
variable. All multivariable models were adjusted for sex, baseline
BMI (kg/m2, continuous), physical activity (METs-h/week, quar-
tiles), hours of TV watching (quartiles), smoking status (never,
current, or former), marital status (single, married, other), highest
level of education achieved (graduate, postgraduate), total energy
intake (kcal/day, continuous), snacking between meals (yes, no),
following a special diet at baseline (yes, no), parental family history

22,280 participants recruited before March 2014

6624 overweight/obese at baseline

15,656 participants

1615 with total energy intake out of the 
predefined values at baseline

14,041 participants

128 women pregnant at baseline

13,913 participants

779 with prevalent cancer, diabetes, or 
cardiovascular disease 

(CHD/stroke/revascularization)

13,134 participants

375 with >10kg weight change over
the past 5 years at baseline

12,759 participants

11,597 participants

248 without enough information

11,349 participants
2153 incident cases of overweight/obesity

1162 lost to follow-up
(91% Retention Rate)

Fig. 1. Flow-chart of participants. The SUN Project, 1999e2014.
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of obesity (yes, no) and hours of siesta sleep (0, >0 e �0.5, >0.5).
Analyses were stratified by age groups (10-y periods) and year of
recruitment (4-y periods). Robust standard errors (SEs) were used.

For missing values of TVwatching, datawere imputed according
to age, sex and BMI. Dummy variables were used to indicate
missing data for marital status and smoking. The mean missing
data rate for covariates was approximately 7%.

Nelson-Aalen survival curves were used to describe the inci-
dence of overweight/obesity over time across quintiles of the DOS.
Intermediate quintiles (Q2, Q3 and Q4) were merged to build the
medium category for graphical purposes. We used inverse proba-
bility weighting to adjust the Nelson-Aalen curves for potential
confounders (those mentioned above).

Multiple linear regression models were fitted to assess the
relationship between quintiles of adherence to the DOS and
average yearly weight change in grams during follow-up. In addi-
tion, to take into account repeated measures, generalized esti-
mating equations with an unstructured correlation matrix were
used to assess the relationship between updated DOS (after 10 y of
follow-up) and yearly weight change. Analyses were adjusted for
the same confounding factors as the main Cox regression analysis.
Linear trend tests across increasing quintiles of adherence to DOS
were conducted by assigning medians to each quintile and treating
it as a continuous variable.

The potential non-linear association between the adherence to
DOS and incident overweight/obesity was calculated with
restricted cubic splines [42].

To determine the contribution of each food group to the
between-person variance for DOS adherence, we constructed a
series of nested least-squares linear regression models after
stepwise-selection regression analyses. The additional contribution
of a given food group was reflected in the increase in cumulative R2.

Potential effect modification by age, sex, baseline BMI or phys-
ical activity was evaluated by significance tests of the
crosseproduct interaction terms using the Wald test.

Finally, to explore the robustness of the associations, we con-
ducted several sensitivity analyses by repeating the multivariable-
adjusted Cox regression model under different assumptions:
1) exclusion of participants with sex-specific total energy intake
under the 5th percentile and over the 95th percentile, 2) exclusion
of over-reporters according to Goldberg cut-offs [43], 3) exclusion
of participants with no answer in >12 items of the FFQ, 4) inclusion
of participants with baseline weight change >10 kg over the past 5
years before entering the cohort, 5) additional adjustment for
weight gain �3 kg in the 5 y before to entering the cohort,
6) exclusion of participants who were early incident cases (those
who became overweight/obese after 2 years of follow-up), 7)
restricting analyses to 10 years of follow-up, and 8) restricting
follow-up to young adulthood (excluding participants older than
41 years at end of follow-up).

All P values were 2-tailed, and P < 0.05 was considered signifi-
cant. Statistical analyses were performed with the use of STATA
version 14.0 software (StataCorp LP).

3. Results

A total of 3078 (27.1%) men and 8271 (72.9%) women were
included in the study. The mean ± SD baseline age of the par-
ticipants was 35 ± 11 y, the mean ± SD baseline BMI was
21.7 ± 1.9 kg/m2, and the median baseline DOS score was 28
(observed range: 16 to 41).

Table 1 shows the age- and sex-adjusted main baseline char-
acteristics of the study participants across quintiles of adherence to
the DOS. On average, participants with higher values of DOS tended
to be non-smokers, physically more active, watch less television,

avoid snacking between meals, consume less alcohol, consume
more carbohydrates with lower glycemic index, consume less
saturated fat, and have a higher intake of fiber and micronutrients.

3.1. Adherence to the DOS and risk of overweight/obesity

During a mean follow-up of 78,339 person-years among women
and 26,548 person-years among men, there were 2153 incident
cases of overweight/obesity (1047 in men and 1106 in women).

Participants with higher adherence to the DOS (>32 points;
highest quintile) presented 37% lower risk of developing over-
weight/obesity than those in the lowest quintile. The adjusted
HR was 0.63 (95% CI, 0.54e0.74) with a significant linear
doseeresponse relationship (p for trend <0.001), as shown in
Table 2. Updated DOS calculated with reported dietary data after 10
years of follow-up did not substantially change the reported
association.

The Nelson-Aalen cumulative hazard function (Fig. 2) represents
adjusted incidence of overweight/obesity across baseline quintiles
of the DOS. Consistently, these curves exhibited a lower incidence
of overweight/obesity across increasing baseline quintiles of the
DOS.

The analysis using cubic splines of adherence to the DOS with
new-onset overweight/obesity is shown in Fig. 3.

We also show the results of an alternative analysis that used
specific round cut-offs instead of quintiles of the DOS: low (�20),
lower middle (21e27), upper middle (28e34) and high (�35)
adherence. The HRs of overweight/obesity decreased mono-
tonically across successive categories of the DOS (Supplemental
Figure 1).

Figure 4 shows how the HRs (highest vs. lowest quintile of
adherence to the DOS) for developing overweight/obesity change
with alternate exclusion of each of the 14 components of the score.
We interpret these findings as suggesting that low intake of pro-
cessed meats and sugary beverages were the main factors driving
the association between a higher DOS and lower risk of overweight/
obesity.

The contribution to variability of different food groups is shown
in Supplemental Table 2. The main sources of variability were fruits
and red meat.

In linewith the alreadymentioned association, absolute average
yearly weight changes (g/y) decreased across quintiles of DOS.
Estimated annual weight change ranged from þ480.7 g in the
group with lowest adherence (Q1) to þ250.2 g in the group with
highest adherence (Q5), as shown in Table 3.

No significant interaction between sex, age, baseline BMI or
physical activity and adherence to the DOS was observed.

Results in the sensitivity analyses described previously were not
substantially changed in any of the scenarios. A stronger association
was found when tighter energy limits were used (HR ¼ 0.60; 95%
CI: 0.51e0.70), while there was a slight attenuation of the protec-
tive effect when the follow-up period was restricted to 10 years
(HR ¼ 0.74; 95% CI: 0.62e0.88). However, independent of adjust-
ments, the inverse association between adherence to the DOS and
the incidence of overweight/obesity remained significant
(Supplemental Figure 2).

4. Discussion

In this large prospective cohort we observed that a higher
adherence to the DOS was inversely monotonically associated with
average yearly weight gain and risk of developing overweight/
obesity.

Using an a priori approach, we found a strong inverse associa-
tion of an evidence-based dietary score and long-termweight gain.
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The main novelties of our results are that we developed a system to
integrate the combined effect of many foods and assess aggregate
dietary effects, that a vegetable to animal protein ratiowas included
suggesting that dietary protein derived from plant sources is not
only comparable to animal-based protein regarding weight main-
tenance but also more beneficial, that our cohort was young and
free of obesity or overweight at baseline, and that the inverse as-
sociation found between the DOS and long-term weight gain was
linear and robust. These findings can help to raise public awareness
of the fact that overweight and obesity are largely preventable
through diet optimization. Prevention of obesity through antici-
patory guidance is preferable as it is extremely difficult to reverse
weight gain once it is established.

Small increments in weight, such as 0.5 kg per year, which, over
a period of 20e30 years, will lead to major morbidity and mortality
[44], are of particular concern to public health and obesity epide-
miology. Generally, people gain small amounts of weight during
their middle-age and nobody warns them until they are older and
have already accumulated a considerable amount of weight gain,
which has drastic impacts on their health. Effective non-surgical
interventions for long-term weight loss are sparse, highlighting
the importance of preventing the yearly cumulative small amounts
of weight gain in the first place. As reported in Table 3, during a
median follow-up of 9.3 years, participants who had a higher
adherence to the DOS (>32) gained approximately 200 g less per
year compared with participants who had lower adherence (<24).

Table 1
Age- and sex-adjusted baseline characteristics of participants (expressed as mean (SD), unless otherwise stated) according to quintiles of the Dietary Obesity-Prevention Score
(DOS) in the SUN cohort, 1999e2014.

Variable Quintiles of adherence to the DOS

Q1 Q2 Q3 Q4 Q5

Range of DOS <24 25e27 28e29 30e32 >32
Mean DOS 22.6 (1.5) 26.0 (0.8) 28.5 (0.5) 30.9 (0.8) 34.7 (1.7)
N 2374 2992 2024 2279 1680
Sex (women), % 73.3 73.0 73.0 72.9 74.1
Age, years 34.8 (10.9) 34.6 (10.4) 34.7 (10.7) 34.7 (10.9) 34.5 (11.0)
Married, % 42.7 43.8 43.1 43.1 40.4
Years of university education 5.1 (1.5) 5.0 (1.5) 5.0 (1.5) 4.9 (1.4) 4.9 (1.5)
Baseline weight, kg 60.9 (9.1) 61.0 (9.2) 61.1 (9.1) 61.3 (8.9) 60.2 (8.8)
Baseline BMI, kg/m2 21.6 (1.9) 21.7 (1.9) 21.7 (1.9) 21.8 (1.9) 21.5 (1.9)
Parental family history of obesity, % 17.5 19.8 19.9 22.4 22.0
Between-meal snacking, % 38.0 32.9 32.8 30.2 27.3
Special diet at baseline, % 3.2 5.4 5.8 6.8 10.1
Smoking status, %
Never 45.0 48.7 52.5 54.9 60.8
Current 34.1 27.7 24.0 21.2 17.2
Former 18.8 20.5 20.8 21.4 19.9

Physical activity, METs-h/week 23.2 (21.1) 24.5 (20.3) 27.0 (22.7) 30.0 (25.1) 35.2 (31.3)
Television watching, h/d 1.7 (1.2) 1.6 (1.2) 1.5 (1.1) 1.6 (1.2) 1.4 (1.2)
Sleeping hours, h/d 7.4 (0.7) 7.4 (0.7) 7.4 (0.7) 7.4 (0.7) 7.3 (0.8)
Sleeping siesta, h/d 0.3 (0.6) 0.3 (0.6) 0.3 (0.6) 0.3 (0.6) 0.2 (0.5)
Total energy intake, kcal/d 2298 (641) 2286 (612) 2348 (595) 2410 (573) 2515 (543)
Food groups, g/d
Fruits 181 (131) 257 (185) 346 (253) 441 (299) 598 (367)
Vegetables 299 (168) 383 (218) 459 (245) 531 (283) 681 (358)
Legumes 16.1 (11.2) 20.0 (15.0) 23.0 (15.7) 25.8 (18.9) 31.6 (25.5)
Nuts 3.7 (5.2) 4.9 (7.1) 6.3 (9.3) 8.8 (13.0) 15.4 (19.3)
Yogurt 48.7 (58.4) 70.2 (75.9) 86.5 (87.6) 99.3 (97.8) 137 (120)
Fish 69.4 (40.4) 83.7 (50.5) 94.7 (51.9) 109.6 (64.0) 128.7 (66.9)
Vegetable to animal protein ratio 0.4 (0.5) 0.4 (0.3) 0.5 (1.6) 0.6 (1.1) 0.7 (1.4)
Red meat 95.9 (45.6) 82.2 (46.8) 73.7 (43.0) 66.8 (42.0) 52.3 (37.8)
Processed meat 64.3 (34.1) 55.1 (32.3) 51.0 (33.0) 45.0 (29.3) 35.6 (26.5)
Animal fat 5.7 (7.5) 4.3 (6.9) 3.5 (6.8) 2.6 (5.6) 1.6 (4.6)
Refined grains 87.9 (63.2) 83.7 (67.5) 84.9 (71.9) 80.5 (65.2) 67.9 (59.2)
Sugary beverages 95.3 (119) 70.8 (108) 58.9 (92.7) 47.7 (86.8) 31.3 (74.0)
Ultra-processed food 202 (132) 177 (124) 167 (130) 159 (113) 129 (89.3)
Beer and spirits 68.0 (103) 59.1 (106) 52.3 (97.7) 46.0 (96.5) 32.9 (71.5)

Macronutrients, % energy
Carbohydrate 40.5 (6.7) 42.3 (6.8) 43.9 (6.9) 45.5 (6.9) 47.6 (7.0)
Protein 17.8 (3.3) 18.0 (3.3) 18.0 (3.1) 18.1 (3.1) 18.3 (3.1)
Fat 39.6 (5.9) 38.0 (6.0) 36.4 (6.2) 35.0 (6.2) 33.0 (6.5)
SFAs 14.5 (3.0) 13.2 (2.7) 12.4 (2.8) 11.5 (2.8) 10.1 (2.8)
MUFAs 16.9 (3.5) 16.3 (3.6) 15.6 (3.7) 15.1 (3.6) 14.4 (3.7)
PUFAs 5.5 (1.6) 5.3 (1.7) 5.1 (1.5) 5.0 (1.6) 4.8 (1.5)

Glycemic index 53.4 (4.3) 52.5 (4.5) 52.0 (4.6) 51.8 (4.4) 51.0 (4.2)
Glycemic load 127 (47.5) 129 (48.6) 136 (48.8) 144 (41.1) 154 (46.7)
Total dietary fiber, g/d 19.1 (7.0) 23.4 (7.8) 27.8 (8.4) 32.8 (10.1) 42.7 (13.6)
Vitamin C, mg/d 182 (92.1) 234 (110) 286 (127) 336 (148) 440 (200)
Vitamin D, mg/d 2.8 (1.7) 3.3 (2.3) 3.6 (2.3) 4.1 (2.4) 4.9 (2.9)
Ca, mg/d 1074 (422) 1145 (426) 1236 (437) 1321 (470) 1495 (490)
Na, mg/d 4389 (2683) 3961 (2227) 3854 (2146) 3761 (1922) 3446 (1528)
K, mg/d 3819 (1134) 4270 (1197) 4753 (1278) 5306 (1448) 6409 (1704)
Mg, mg/d 341 (94.8) 375 (96.6) 412 (98.4) 456 (108) 540 (126)
Folate, mg/d 291 (106) 351 (119) 412 (133) 474 (158) 597 (200)
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The foods comprising the DOS were carefully selected from
previous solid scientific evidence [19,30e39]. Foods that were not
included, such as cheese and eggs, are surrounded by controversial
evidence in terms of obesity risk [19]. Whole grains were not
included because not all whole grain foods are what they claim to
be, as there is currently no standard for letting people know how
much of a product comes from actual whole grains. In any case,
refined grains (usually replacing whole grains, especially in Spain)
were included as one of the potential items associated with higher
weight gain.

The core foods that have been consistently associated with
weight loss in the literature include vegetables, fruit, nuts and le-
gumes, which are key components of well-known beneficial food
patterns such as theMediterranean [45e47]. This may be due to the
high amount of fiber content of a dietary pattern containing these
foods, which promote greater satiety [48].

On the other hand, foods associated with weight gain are high-
energy, low-nutrient density products that are engineered to be
hyper-palatable, like fast food and sugary beverages. Diet compo-
sition may also have an effect on reactivity in brain regions asso-
ciated with reward and on modifying the gut microbiota, which
may in turn influence dietary intake and energy regulation [49].

Table 2
Cox proportional hazard ratios (HR) and 95% confidence intervals (CI) for incident overweight/obesity according to quintiles of adherence to the Dietary Obesity-Prevention
Score (DOS) in the SUN Project.

Quintiles of adherence to the DOS p for trend

Q1 Q2 Q3 Q4 Q5

N 2374 2992 2024 2279 1680
Incident cases 464 588 386 447 268
Person-years 22,463 27,840 18,663 20,580 15,341
Age and sex-adjusted 1 (ref) 0.95 (0.84, 1.08) 0.90 (0.79, 1.04) 0.91 (0.80, 1.04) 0.69 (0.59, 0.80) <0.001
Repeated measures 1 (ref) 0.95 (0.84, 1.07) 0.89 (0.78, 1.02) 0.90 (0.79, 1.02) 0.69 (0.59, 0.81) <0.001
Multivariable-adjusteda 1 (ref) 0.84 (0.74, 0.95) 0.79 (0.68, 0.91) 0.78 (0.69, 0.90) 0.63 (0.54, 0.74) <0.001
Repeated measures 1 (ref) 0.85 (0.75, 0.96) 0.80 (0.70, 0.92) 0.81 (0.71, 0.93) 0.67 (0.58, 0.79) <0.001

Age was used as the underlying time variable in all the models.All the models were stratified by age groups and year of recruitment.
a Additionally adjusted for baseline BMI, physical activity, hours of TV watching, smoking status, marital status, highest level of education achieved, total energy intake,

snacking between meals, following a special diet at baseline, parental family history of obesity, and hours of siesta sleep. Robust standard errors were used.

Fig. 2. Nelson-Aalen curves showing the outcome of new-onset overweight/obesity
across baseline quintiles of the Dietary Obesity-Prevention Score (DOS). Adjusted for
sex, age, baseline BMI, physical activity, hours of TV watching, smoking status, marital
status, highest level of education achieved, total energy intake, snacking between
meals, following a special diet at baseline, parental family history of obesity, hours of
siesta sleep and year of recruitment with the use of inverse probability weighting.

Fig. 3. Restricted cubic splines for the hazard ratio (HR) and 95% confidence intervals
(CI) of adherence to the Dietary Obesity-Prevention Score (DOS) and incidence of
overweight/obesity. Adjusted for sex, baseline BMI, physical activity, hours of TV
watching, smoking status, marital status, highest level of education achieved, total
energy intake, snacking between meals, following a special diet at baseline, parental
family history of obesity, and hours of siesta sleep. Stratified by age groups and year of
recruitment.

Fig. 4. Hazard ratios (HR) and 95% confidence intervals (95% CI) associated with
baseline Dietary Obesity-Prevention Score (highest vs. lowest quintile) and after
alternate subtraction of each of its dietary components. Originally estimated loga-
rithms of hazard ratios were multiplied by 39/42 and then exponentiated to correct for
39 point scale. Adjusted for sex, baseline BMI, physical activity, hours of TV watching,
smoking status, marital status, highest level of education achieved, total energy intake,
snacking between meals, following a special diet at baseline, parental family history of
obesity, and hours of siesta sleep. Stratified by age groups and year of recruitment.
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Unlike individual nutrients or food groups, overall dietary pat-
terns better reflect the complexity of diets and enable appreciation
of the combined effects of a variety of foods. Moreover, from a
behavioral perspective, food-based dietary advice is simpler to
implement and avoids confusion among consumers as it discrimi-
nates between quality choices and prevents food corporations from
strategically exploiting the reductive focus on nutrients to market
highly processed foods using nutrient content claims [24].

The optimal macronutrient composition of diet for weight
management does not necessarily exist, as there are different ap-
proaches which seem to work [50]. However, dietary patterns
provide a form of consistency that may be enough to maintain the
equilibrium required for successful weight maintenance [51e53].
Other obesity risk scores have already been developed but most of
them had some limitations such as the use of a cross-sectional
design [54], relying on macronutrients rather than on food
groups [55], or including restricted dietary factors [56].

Furthermore, there is a need for unbiased primary evidence, free
from industry funding sources and consequent conflicts of interest,
as this independence will ultimately contribute to developing
reliable dietary guidelines [57].

In the absence of properly powered and conducted randomized
clinical trials, noneindustryesponsored prospective cohort studies
with repeated measurements and appropriate control for con-
founding provide the most adequate evidence to identify specific
dietary targets for the prevention of obesity and excessive weight
gain.

Nevertheless, our study has some potential limitations.
Although we performed multivariable analyses adjusting for the
main important known risk factors for weight gain, we cannot rule
out the existence of unmeasured confounders that may have
affected the estimated associations. Imprecise dietary measure-
ments could have also influenced our observed associations and left
room for residual confounding. Additionally, our cohort is restricted
to Spanish university graduates, so we should be cautious about the
generalizability of the results. However, this gives us confidence
that, given the homogeneity of the cohort, socioeconomic status
(SES) of participants was not a major confounder in our analyses as
educational level can be considered a proxy of SES [58] (i.e. we used
restriction to control for SES).

A potential inconvenience of this score is that quantiles used as
cut-offs in the main analyses are dependent on the sample

characteristics and can compromise between-study comparisons or
its generalizability. Nonetheless, using quantiles instead of a priori
defined cut-off points is more consistent with the fact that dietary
assessment has been done using food frequency questionnaire,
which are tools better suited to rank individuals rather than to
accurately measure absolute intakes. Moreover, the rationale for
adjusting for total energy intake before ranking the elements in
tertiles was our focus in the relative composition of the overall food
pattern and the importance of quality over quantity regarding long-
term weight gain prevention. In addition, adjustment for total en-
ergy intake usually leads to a reduction in the measurement error
always present in self-reported dietary information.

The strengths of our study include its prospective design, high
retention rate, the relatively large sample size, the sufficient
number of overweight/obesity cases, the previous validation of the
methods used for the measurement of the main variables and the
detailed and repeated lifestyle information, which allows us to
control for an important number of potential confounders.

In conclusion, a higher adherence to the DOS was significantly
associated with a reduced risk of developing overweight/obesity in
a Mediterranean cohort of initially normal-weight, middle-aged
adults. This simple dietary score exclusively based on food groups
may be applicable in clinical practice as a preventive and educa-
tional tool to help people improve their dietary habits and raise
awareness of diet susceptibility to weight gain before the onset of
overweight/obesity.
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Table 3
Multivariable-adjusted differences (95% confidence intervals) in average yearly weight change (g/y) according to quintiles of adherence to the Dietary Obesity-Prevention Score
(DOS) in the SUN Project.

Quintiles of adherence to the DOS p trend

Q1 Q2 Q3 Q4 Q5

N 2374 2992 2024 2279 1680
Absolute yearly weight change (g),

adjusted meana
480.7
(422.0, 539.3)

360.2
(309.0, 411.4)

399.2
(337.3, 461.0)

331.1
(272.3, 389.8)

250.2
(179.8, 320.5)

Age- and sex-adjusted 0 (ref) �139.1
(�216.2, �62.1)

�106.1
(�191.4, �20.8)

�184.9
(�268.1, �101.7)

�255.1
(�346.7, �163.5)

<0.001

Multivariable-adjustedb 0 (ref) �120.5
(�197.5, �43.5)

�81.5
(�167.0, 4.0)

�149.6
(�233.8, �65.5)

�230.5
(�324.6, �136.4)

<0.001

Updated quintiles of adherence to the DOSb p trend

Q1 Q2 Q3 Q4 Q5

Absolute yearly weight change (g),
adjusted meana

375.7
(322.2, 429.1)

311.2
(265.5, 356.9)

313.2
(260.2, 366.2)

267.4
(213.1, 321.6)

181.2
(121.7, 241.9)

Multivariable-adjusted GEEb 0 (ref) �64.4(�133.9, 5.1) �62.5(�138.4, 13.5) �108.2(�184.9, �31.7) �193.8(�276.7, �111.0) <0.001

a Adjusted for sex, age, baseline BMI, physical activity, hours of TVwatching, smoking status, marital status, highest level of education achieved, total energy intake, snacking
between meals, following a special diet at baseline, parental family history of obesity, hours of siesta sleep and year of recruitment.

b GEE, Generalized estimating equations for multivariable-adjusted differences (95% CIs) of yearly weight change (g/y) using repeated measures of dietary intake after 10
years of follow-up.
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Table 1 

Scoring criteria for the Dietary Obesity-Prevention Score (DOS). The SUN Project. 

COMPONENT INCLUDED FOODS 

Food groups preventing long-term weight gain, by tertilesa 

1. Fruits Citrus, grapes, banana, apple, pear, strawberry, peach, apricot, 
nectarine, cherries, plums, figs, melon, watermelon, grapes, 
mango, papaya, kiwi 

2. Vegetables Swiss chard, spinach, cabbage, cauliflower, broccoli, lettuce, 
chicory, tomatoes, green beans, eggplant, zucchini, cucumber, 
pepper, asparagus, others  

3. Legumes Lentils, chickpeas, beans, peas 

4. Nuts Almonds, peanuts, hazelnuts, walnuts 

5. Yogurt Regular and low fat yogurt 

6. Fish and seafood White fish, blue fish, salted or smoked fish, clams, mussels, 
shrimp, squid, octopus 

7. Vegetable: animal protein Ratio of vegetable to animal protein  

Food groups promoting long-term weight gain, by reverse tertilesb 

8. Red meat Beef, veal, pork, lamb, liver, other viscera 

9. Processed meat Serrano ham, cooked ham, spicy pork sausage, salami, 
mortadella, foie gras, black pudding, bacon, other cured or 
smoked meats, hamburger, hot dog 

10.  Saturated animal fat Butter, lard and cream 

11.  Refined grains White bread, white rice, noodles, spaghetti 

12.  Sugary beverages Sugar-sweetened beverages, bottled fruit juice 

13.  Ultra-processed food Petit suisse, breakfast cereals, milkshakes, custard, pudding, 
ice-cream, potato chips, cookies, muffins, donuts, croissant, 
cakes, churros, chocolates, nougat, marzipan, ready-to-consume 
pies and other formulations of several ingredients, instant soups, 
pizza, margarine, mayonnaise, diet soft drinks 

14.  Beer and spirits  Beer and distilled beverages like whisky, vodka, etc 

The overall DOS score was built by summing both components with a potential range of 14–42. 

a The consumption (g/d) of each food group was transformed into energy-adjusted tertiles by using the 

residuals method (1 = first tertile, 2 = second tertile, 3 = third tertile). The sum of tertile values across the 7 

food groups gave a potential range of 7–21. 

b Consumption (g/d) was transformed into energy-adjusted tertiles (residuals), and the tertile values were 

reversed (1 = third tertile, 2 = second tertile, 3 = first tertile). The sum of reverse tertile values across the 7 

food groups had a potential range of 7–21. 



Table 2 

Main sources of variability in the Dietary Obesity-Prevention Score (DOS). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 R2 Change in R2 

Fruits 0.25  

Red meat 0.40 0.15 

Legumes 0.48 0.08 

Processed meat 0.56 0.08 

Fish  0.63 0.07 

Ultra-processed food 0.69 0.06 

Vegetables 0.74 0.05 

Sugary beverages  0.79 0.05 

Yogurt  0.83 0.04 

Refined grains 0.87 0.04 

Animal fat  0.91 0.04 

Vegetable to animal protein ratio 0.94 0.03 

Beer and spirits 0.97 0.03 



Figure 1 

HRs (95% CIs) of overweight/obesity according to baseline categories (cut-offs) of the  

Dietary Obesity-Prevention Score (DOS). 

 

 

Adjusted for age, sex, baseline BMI, physical activity, hours of TV watching, smoking status, marital status, 

highest level of education achieved, total energy intake, snacking between meals, following a special diet at 

baseline, parental family history of obesity, hours of siesta sleep. Stratified by age and year of recruitment. 
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Figure 2 

Sensitivity analyses of the association between the DOS (fifth versus first quintile adjusted-HR  

and 95%CI) and the risk of incident overweight/obesity. Multivariable-adjusted model. 
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Abstract: Provegetarian diets (i.e., preference for plant-derived foods but not exclusion of animal foods)
have been associated with a reduced risk of long-term weight gain and could be more easily
embraced than strict vegetarian diets. However, not all plant-derived foods are equally healthy.
In the “Seguimiento Universidad de Navarra” (SUN) cohort, we prospectively evaluated the
association between different provegetarian food patterns and the incidence of overweight/obesity
in 11,554 participants with initial body mass index <25 kg/m2. A provegetarian food pattern (FP)
was built by assigning positive scores to plant foods and reverse scores to animal foods. A healthful
and an unhealthful provegetarian FP, which distinguished between healthy (fruits/vegetables/whole
grains/nuts/legumes/olive oil/coffee) and less-healthy plant foods (fruit juices/potatoes/refined
grains/pastries/sugary beverages), were also built. A total of 2320 new cases of overweight or
obesity were identified after a median follow-up of 10.3 years. Higher baseline conformity with the
overall provegetarian FP was inversely associated with overweight/obesity (HR comparing extreme
quintiles: 0.85; 95% CI: 0.75 to 0.96; p-trend: 0.014). This association was stronger for the healthful
FP (HR: 0.78; 95% CI: 0.67 to 0.90; p-trend: <0.001) and was not apparent for the unhealthful FP
(HR: 1.07; 95% CI: 0.92 to 1.23; p-trend: 0.551). In a large prospective cohort of relatively young adults,
better conformity with a healthy provegetarian diet was associated with a reduced long-term risk of
overweight/obesity, whereas no consistent trend was found for a FP that emphasized less-healthy
plant foods.

Keywords: overweight; obesity; dietary patterns; vegetarian; provegetarian; epidemiology; nutrition;
prospective cohort study
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1. Introduction

It is well-established that diets higher in plant-based foods and with fewer animal source foods
confer both health and environmental benefits [1–3]. Plant-based diets have been associated with
a lower risk of various diseases [4–11], including a lower risk of obesity [12–19], which is among the
greatest contributors to premature mortality [20–22]. Moreover, whereas strict vegan or vegetarian diets
might not be easily embraced within the general population, provegetarian diets (i.e., preferentially
but not exclusively consuming plant-derived foods) based on gradual dietary changes may be easier
to adopt. Although this type of plant-based diet is also commonly known as flexitarian, we used the
provegetarian operational score because it has been defined in a quantitative and easily reproducible
way [10]. However, with the exception of several recent studies [23–27], prior studies of plant-based
diets do not take into account the fact that not all plant-derived foods are equally healthy.

Since the potential mechanisms responsible for the beneficial effects of plant-based diets on body
weight [28–37] are mainly supported by dietary constituents like fiber and other biologically active
micronutrients which are characteristic of healthy plant foods (i.e., fruits and vegetables), it is warranted
to evaluate whether the healthfulness of plant-derived foods influences the risk of long-term weight
gain. Additionally, it is important to provide evidence towards the advantages and disadvantages
of strategies that consumers may put in practice when they adopt plant-based diets following the
societal trends, and to provide insights for tomorrow’s food innovation. Therefore, we aimed to
prospectively examine the association between different versions of a provegetarian food pattern and
the incidence of overweigh/obesity in the SUN (Seguimiento Universidad de Navarra/University of
Navarra Follow-up) cohort.

2. Materials and Methods

2.1. Study Population

The “Seguimiento Universidad de Navarra” (SUN) prospective cohort study started on December
1999 following the models of the Nurses’ Health Study and the Health Professionals Follow-Up Study.
It is a multipurpose and dynamic cohort (i.e., recruitment is permanently open) composed of young
middle-aged university graduates from different Spanish universities, including the University of
Navarra. Baseline assessment and follow-up information is gathered through postal or web-based
questionnaires completed by participants every 2 years. Self-administered questionnaires include
information on sociodemographic, lifestyle and dietary variables as well as the use of medication
and the prevalence or incidence of diseases during follow-up. For the main outcomes, medical
records are requested to participants or their next of kin in order to confirm the diagnoses by a panel
of medical doctors of the study, blinded to the dietary habits of participants and other exposures
of interest. For participants lost to follow-up, the National Death Index is periodically checked to
determine their vital status and cause of death. The overall retention in the cohort is higher than 90%.
All procedures were approved by the Institutional Review Board of the University of Navarra (2017.151)
according to Declaration of Helsinki guidelines. Voluntary completion of the baseline self-administrated
questionnaire was considered to imply informed consent, as participants received detailed information
about the study. Further details about the methodology and characteristics of participants have been
described in more detail elsewhere [38].

Up to July 2018, there were 22,791 participants who had completed the baseline questionnaire.
In order to ensure that all participants had completed at least one follow-up questionnaire, only those
who were recruited before October 2015 were considered eligible. Out of the 22,467 eligible participants,
we excluded 6655 with prevalent overweight or obesity (body mass index (BMI) ≥ 25 kg/m2) at
baseline, 1628 who reported implausible values for total energy intake according to predefined limits
(>4000 kcal/d in men and >3500 kcal/d in women or <800 kcal/d in men and <500 kcal/d in women),
95 women who were pregnant at baseline, 714 with prevalent chronic disease (diabetes, cardiovascular
disease and/or cancer), and 393 with a weight change > 10 kg in the 5 years before entering the study to
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reduce the potential source of confounding by other causes of weight changes. Among the remaining
12,982 participants, 1160 were lost to follow-up leaving a total of 11,822 (retention = 91%). Additionally,
we excluded 268 participants who had missing values in the variables of interest regarding the outcome.
After exclusions, a sample of 11,554 participants was included in this study (Figure 1).

Figure 1. Flow chart depicting the selection process among participants of the Seguimiento Universidad
de Navarra (SUN) cohort.

2.2. Dietary Assessment

A 136-item semi-quantitative food frequency questionnaire (FFQ) repeatedly validated in Spanish
participants [39,40] was completed at baseline. Frequencies of consumption were measured in
9 categories (ranging from never/almost never to >6 servings/day) for each food item, in order
to assess typical food intake over the previous year. Daily intake (grams/day) was calculated by
multiplying the specified portion size for each food item by the frequency of consumption. Nutrient
intake was updated by a trained dietician using the latest available information on Spanish food
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composition tables [41,42]. The scoring criteria for the overall, healthful and unhealthful provegetarian
food patterns (FPs) are showed in Table 1, as described in previous studies [10,23]. Information
on the food items from the FFQ included in each food group is shown in Table S1. Differences in
food consumption between the lowest and highest quintiles of the provegetarian FPs are graphically
represented in Figures S1–S3, showing differences (in percentage) between medians of extreme quintiles
(quintile 1 and 5) and the median of the whole sample.

Table 1. Scoring criteria for the provegetarian food patterns.

Provegetarian Food Pattern (Potential Range of 12–60) Healthful/Unhealthful Provegetarian Food Patterns (Potential Range of 18–90)

Component Criteria Component Criteria

Plant food Groups Energy-Adjusted Quintiles Plant Food Groups Energy-Adjusted Quintiles

Healthy Healthful Unhealthful

1. Vegetables Positive 1. Vegetables Positive Reverse
2. Fruits Positive 2. Fruits Positive Reverse
3. Legumes Positive 3. Legumes Positive Reverse
4. Cereal grains Positive 4. Whole grains Positive Reverse
5. Potatoes Positive 5. Nuts Positive Reverse
6. Nuts Positive 6. Olive oil Positive Reverse
7. Olive oil Positive 7. Coffee Positive Reverse

Less-healthy

Animal Food Groups 8. Fruit juices Reverse Positive

8. Dairy Reverse 9. Potatoes Reverse Positive
9. Eggs Reverse 10. Refined grains Reverse Positive
10. Meat Reverse 11. Sugary beverages Reverse Positive
11. Fish & seafood Reverse 12. Pastries Reverse Positive
12. Animal fat Reverse Animal Food Groups

13. Dairy Reverse Reverse
14. Eggs Reverse Reverse
15. Meat Reverse Reverse
16. Fish & seafood Reverse Reverse
17. Miscellaneous food Reverse Reverse
18. Animal fat Reverse Reverse

Adherence to an overall provegetarian FP was calculated according to the score proposed by
Martínez-González et al. [10], which quantifies the habit of preferentially consuming plant-derived
foods instead of animal-derived foods without the need to follow a strict vegetarian diet. This score
quantifies the energy-adjusted consumption (g/d) of seven plant food groups (fruits, vegetables,
potatoes, nuts, legumes, cereal grains and olive oil) and five animal food groups (dairy, eggs, meat,
fish and seafood and animal fat). The residual method was used separately for men and women to
adjust for total energy intake and the energy-adjusted estimates (residuals) were ranked according to
their sex-specific quintiles. The quintile values for animal food groups were reversed (a value of 5
was assigned for the first quintile, 4 for the second quintile, and successively until the value of 1 was
assigned to the fifth quintile). To obtain the overall provegetarian FP score, quintile values of plant
foods and reverse quintile values of animal foods were summed. Thus, the final scores assigned to
participants could range from 12 (lowest adherence) to 60 (highest adherence).

Likewise, adherence to a healthful and unhealthful provegetarian FP was calculated according
to the scoring criteria suggested by Satija et al. [23]. Healthy (fruits, vegetables, whole grains, nuts,
legumes, olive oil, coffee) and less-healthy plant foods (fruit juices, potatoes, refined grains, pastries,
sugary beverages) were distinguished. As shown in Table 1, to build the healthful provegetarian
FP, positive scores were assigned to healthy plant foods and reverse scores to less-healthy plant
foods as well as to animal foods. For the unhealthful provegetarian FP, positive scores were assigned
to less-healthy plant foods and reverse scores to healthy plant foods and animal foods. Quintiles
and reverse quintiles were summed to obtain scores of the healthful and unhealthful versions of
a provegetarian FP. Participants were categorized into energy-adjusted quintiles of the healthful and
unhealthful provegetarian FPs. Thus, their final scores could range from 18 (lowest adherence) to
90 (highest adherence).
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Adherence to the Mediterranean diet was assessed using the a priori 9-item Mediterranean diet
score (MDS) proposed by Trichopoulou et al. [43].

2.3. Other Covariates Assessment

The baseline questionnaire gathered information about sociodemographic and anthropometric
characteristics, health-related habits, and clinical data including personal and family history of disease.
Physical activity was assessed using a previously validated questionnaire, which included 17 different
activities during leisure time [44]. Metabolic equivalents (METs) were calculated to yield MET-hours
per week scores for each participant.

Baseline dietary intake data derived from food composition tables for Spain [41,42] were used to
identify the fat quality index (FQI) and the carbohydrate quality index (CQI). The FQI was calculated
using the ratio (monounsaturated + polyunsaturated fatty acids)/(saturated + trans fatty acids) as
a continuous variable, ranging from 1.01 to 4.93. The CQI was determined by summing up quintiles of
the following four criteria: Dietary fiber intake (g/day), glycemic index, the ratio whole grains/total
grains and the ratio solid carbohydrates/solid + liquid carbohydrates. All criteria had the same
weighting, and the CQI ranged from 4 to 20. The FQI and CQI have been previously used in this
cohort [45] and also in the Prevención con Dieta Mediterránea (PREDIMED) study [46].

2.4. Outcome Ascertainment

Weight of participants was self-reported at baseline and every 2 years in the follow-up
questionnaires. BMI was calculated as the self-reported weight in kilograms divided by the square of
height in meters. Weight was self-reported by participants at baseline and every 2 years of follow-up.
BMI was calculated as weight in kilograms divided by the square of height in meters, which was
ascertained at baseline. Anthropometric data (i.e., self-reported weight and BMI) have been previously
validated in a subsample of this cohort finding strong correlation results [47]. The outcomes were:
(1) Incidence of overweight/obesity (BMI ≥ 25 kg/m2); and (2) average change in body weight (grams)
per year (g/y).

2.5. Statistical Analysis

Inverse probability weighting was used to determine the age- and sex-adjusted baseline
characteristics of participants according to quintiles of adherence to the different provegetarian
FPs in order to remove differences that were only explained by the different age and sex distribution
across baseline quintiles of provegetarian FPs.

Cox proportional hazards analyses were conducted to assess the relationship between
provegetarian FPs with varying degree of healthfulness and the incidence of overweight/obesity.
All models included age as underlying time variable and were stratified by age groups and year
of recruitment. After crude analyses, a model adjusted for sex and age was fitted. Multivariable
models were additionally adjusted for known risk factors of weight gain and potential confounders
by using baseline values of the following covariates: Baseline BMI (kg/m2, continuous), physical
activity (METs-h/week, quartiles), hours of TV watching (quartiles), smoking status (never, current,
or former), marital status (single, married, other), years of university education (continuous), total
energy intake (kcal/day, continuous), snacking between meals (yes, no), following a special diet at
baseline (yes, no), parental family history of obesity (yes, no) and hours of siesta sleep (0, >0 to ≤0.5,
>0.5). Robust standard errors were used. In order to reduce the effects of potential measurement
errors due to diet variation during follow-up, dietary data were updated after 10 years of follow-up if
the participant was followed for longer than 10 years and had completed the 10-year follow-up FFQ.
Tests of linear trends were conducted using the medians of each provegetarian score for each quintile
and treating the variable as continuous in Cox models. Moreover, to minimize the potential distortions
produced by different measurement units in each provegetarian score, z scores were used. Each z score
was calculated for each participant as the score value of the participant minus the mean value for the
overall sample divided by the standard deviation of the score in the overall sample.
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Multiple linear regression models were used to assess the association between the provegetarian
FPs and the average yearly weight change during follow-up, considering the first quintile of adherence
as the reference group. We estimated β regression coefficients (and their 95% confidence interval (CI))
for the other four quintiles, which should be interpreted as the difference in average yearly weight
change (g/y) for each of the upper four quintiles versus the lowest quintile. To take into account
repeated measurements of diet, generalized estimating equations with an unstructured correlation
matrix were used to assess the relationship between updated scores of the provegetarian FPs and
average yearly weight change. Analyses were adjusted for the same confounding factors as the main
Cox regression analysis.

Additional analyses were conducted after excluding participants with a baseline BMI ≥ 30 kg/m2

instead of BMI ≥ 25 kg/m2 (as in the main analyses, which only included normal weight participants)
in order to assess the incidence of obesity among overweight participants (i.e., change of BMI category
from overweight to obese).

Sensitivity analyses were conducted to explore the robustness of our findings by rerunning the
analyses under the following scenarios: Excluding participants with energy intake between the 5th
and 95th percentiles; excluding participants with no answer in > 12 items in the 136-item baseline
FFQ; including participants with weight change > 10 kg over the previous 5 years before entering the
study; excluding participants with BMI > 24.5 kg/m2 at baseline (even though self-reported BMI has
been previously validated finding good correlation results, some degree of misclassification might still
exist); excluding early incident cases of overweight (participants who became overweight or obese
only during the first 2 y of follow-up); additionally adjusting for weight gain ≥ 3 kg over the previous
5 years before entering the cohort; considering as the outcome only obesity (BMI ≥ 30 kg/m2) instead
of overweight (BMI ≥ 25 kg/m2) and truncating follow-up at 10 years.

All analyses were performed using STATA/SE version 12.0 (StataCorp, College Station, TX, USA).

3. Results

A total of 11,554 participants (8419 women and 3135 men; 34.7 ± 10.8 years [mean age ± SD])
were followed for a median of 10.3 years. Age-and sex-adjusted baseline characteristics of participants
according to quintiles of adherence to the different provegetarian FPs are presented in Tables S2–S4.
Compared with participants in the first quintile, those in the fifth quintile with higher scores on
the overall and healthful provegetarian FPs were more likely to live alone, follow a special diet,
be non-smokers, be more physically active, have a family history of obesity, and have a higher total
energy and dietary fiber intake. Conversely, those with high scores on the unhealthful provegetarian
FP were less physically active, less likely to live alone, more likely to smoke, have snacks, have a higher
total energy intake and lower total fiber intake than those with low scores.

Over 113,213 person-years of follow-up, a total of 2320 new cases of overweight/obesity
(BMI ≥ 25 kg/m2) were identified. Hazard ratios (HR) and their 95% confidence intervals (CI) for the
risk of overweight/obesity in the age-and sex-adjusted and multivariable-adjusted models are shown
in Table 2. In the fully adjusted models, the overall provegetarian FP was inversely associated with
overweight/obesity incidence (HR comparing extreme quintiles: 0.85; 95% CI: 0.75 to 0.96; HR for each
additional 2 z-score units: 0.89; 95% CI: 0.82 to 0.97; p-trend = 0.014). When we distinguished among
healthful and unhealthful provegetarian FPs, we found a stronger inverse association between the
healthful provegetarian FP and overweight/obesity incidence (HR comparing extreme quintiles: 0.78;
95% CI: 0.67 to 0.90; HR for each additional 2 z-score units: 0.84; 95% CI: 0.77 to 0.92; p-trend < 0.001),
whereas null findings were observed for the unhealthful provegetarian FP (HR comparing extreme
quintiles: 1.07; 95% CI: 0.92 to 1.23; HR for each additional 2 z-score units: 1.00; 95% CI: 0.91 to 1.10;
p-trend = 0.551). Results from the multivariable-adjusted models are also graphically represented
in Figure 2, showing HRs and 95% CIs of overweight/obesity according to baseline quintiles of the
3 provegetarian FPs.
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Figure 2. Hazard ratios (HR) and 95% confidence intervals (CI) of overweight/obesity according to
baseline quintiles of the provegetarian food patterns.

Consistently, absolute average yearly weight change (g/y) modestly decreased across quintiles
of overall and healthful provegetarian FPs (i.e., higher adherence to both overall and healthful
provegetarian FPs was associated with less weight gain over time) and remained fairly constant across
quintiles of the unhealthful provegetarian FP (Table 3). The average difference in yearly weight gain
between extreme quintiles of adherence to the overall provegetarian FP was −167 g (95% CI: −249 to
−84) and for the healthful provegetarian FP it was −202 g (95% CI: −294 to −110).

In an additional analysis conducted to assess the effect of several provegetarian FPs on incidence
of obesity among overweight participants, a total of 669 new cases of obesity (BMI ≥ 30 kg/m2)
were identified. HRs and their 95% CIs for the risk of obesity in the age-and sex-adjusted and
multivariable-adjusted models are shown in Table 4. Fully adjusted estimates suggested that the inverse
association between the overall and healthful provegetarian food patterns and overweight/obesity
among normal weight participants is not as evident among initially overweight subjects (HR comparing
extreme quintiles of the overall provegetarian food pattern: 0.79; 95% CI: 0.61 to 1.02; p-trend = 0.056.
HR comparing extreme quintiles of the healthful provegetarian food pattern: 0.79; 95% CI: 0.59 to 1.05;
p-trend = 0.066).

In ancillary analyses (data not shown), we investigated the association between adherence to
an unhealthful provegetarian FP exclusively composed of plant-based foods (less-healthy plant foods
positively weighted and healthy plant foods negatively weighted) and risk of overweight/obesity.
We also explored the association between an unhealthful provegetarian FP composed of less-healthy
plant foods (positively weighted) and animal foods (negatively weighted) and risk of overweight/obesity.
The purpose of running these ancillary analyses was to study the independent effects of consuming
more less-healthy plant foods compared to healthier plant foods (HR comparing extreme quintiles:
1.21; 95% CI: 1.05 to 1.40; p-trend: (0.021) and compared to more animal foods (HR comparing extreme
quintiles: 0.91; 95% CI: 0.80 to 1.05; p-trend: (0.130).

Sensitivity analyses were conducted to assess the robustness of our results under a variety of
scenarios (Figure 3 and Table S5). The associations of overall and healthful provegetarian FPs with
the risk of overweight/obesity were attenuated when participants with no answer in >12 out of the
136 items included in the baseline FFQ were excluded and when obesity (BMI ≥ 30 kg/m2) was the
main outcome considered. Slightly stronger associations were found when participants with baseline
BMI > 24.5 kg/m2 were excluded. The adverse association with the unhealthful provegetarian FP
became stronger when the follow-up period was truncated at 10 years.
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Table 2. Risk of overweight/obesity (HR and 95% CI) 1 according to quintiles (Q) of different provegetarian food patterns (FP).

Provegetarian FP Q1 Q2 Q3 Q4 Q5 p-Trend z-Continuous 2

Cases/Person-years 622/29,366 494/24,015 358/17,697 429/20,395 417/21,740 2320/113,213
Age-and sex-adjusted 1 (ref) 0.97 (0.86 to 1.10) 0.93 (0.82 to 1.06) 0.94 (0.83 to 1.06) 0.77 (0.68 to 0.88) <0.001 0.83 (0.77 to 0.90)

Repeated measures 1 (ref) 0.98 (0.87 to 1.10) 0.92 (0.81 to 1.05) 0.94 (0.83 to 1.07) 0.76 (0.67 to 0.86) <0.001 0.82 (0.75 to 0.88)
Multivariable-adjusted 1 1 (ref) 0.97 (0.85 to 1.09) 0.95 (0.83 to 1.09) 0.93 (0. 82 to1.06) 0.85 (0.75 to 0.96) 0.014 0.89 (0.82 to 0.97)

Repeated measures 1 (ref) 0.98 (0.87 to 1.11) 0.94 (0.83 to 1.08) 0.94 (0. 83 to1.06) 0.83 (0.73 to 0.95) 0.005 0.88 (0.81 to 0.95)

Healthful Provegetarian
FP

Cases/Person-years 490/24,576 52
8/24,878 413/19,903 516/25,293 373/18,563 2320/113,213

Age-and sex-adjusted 1 (ref) 0.99 (0.87 to 1.12) 0.95 (0.84 to 1.09) 0.89 (0.79 to 1.01) 0.81 (0.71 to 0.93) 0.001 0.87 (0.80 to 0.94)
Repeated measures 1 (ref) 0.99 (0.88 to 1.12) 0.94 (0.82 to 1.07) 0.92 (0.81 to 1.04) 0.80 (0.70 to 0.92) 0.001 0.87 (0.80 to 0.94)

Multivariable-adjusted 1 1 (ref) 0.98 (0.86 to 1.12) 0.87 (0.76 to 1.00) 0.87 (0.76 to 0.99) 0.78 (0.67 to 0.90) <0.001 0.84 (0.77 to 0.92)
Repeated measures 1 (ref) 0.98 (0.86 to 1.11) 0.85 (0.74 to 0.97) 0.89 (0.78 to 1.01) 0.76 (0.66 to 0.88) <0.001 0.84 (0.77 to 0.92)

Unhealthful
Provegetarian FP

Cases/Person-years 544/23,243 516/24,135 514/25,004 388/20,549 358/20,282 2320/113,213
Age-and sex-adjusted 1 (ref) 0.94 (0.83 to 1.06) 0.93 (0.82 to 1.05) 0.88 (0.77 to 1.00) 0.84 (0.73 to 0.96) 0.006 0.88 (0.81 to 0.96)

Repeated measures 1 (ref) 0.95 (0.85 to 1.08) 0.92 (0.81 to 1.04) 0.87 (0.76 to 0.99) 0.86 (0.75 to 0.99) 0.012 0.88 (0.81 to 0.96)
Multivariable-adjusted 1 1 (ref) 1.03 (0.91 to 1.17) 1.04 (0.92 to 1.18) 1.00 (0.87 to 1.15) 1.07 (0.92 to 1.23) 0.551 1.00 (0.91 to 1.10)

Repeated measures 1 (ref) 1.04 (0.92 to 1.17) 1.03 (0.91 to 1.16) 0.99 (0.86 to 1.13) 1.09 (0.94 to 1.26) 0.416 1.01 (0.92 to 1.10)

Age was used as the underlying time variable in all the models. All the models were stratified by age groups (10-year periods) and year of recruitment (4-year periods). 1 Additionally
adjusted for baseline body mass index (BMI, kg/m2, continuous), physical activity (metabolic equivalents (METs)-h/week, quartiles), hours of TV watching (quartiles), smoking status
(current, never, former), marital status (single, married, other), years of university education (years, continuous), total energy intake (kcal/day, continuous), snacking between meals (yes,
no), following a special diet at baseline (yes, no), parental family history of obesity (yes, no), hours of siesta (0, >0 to ≤0.5, >0.5). Robust standard errors were used. 2 Standardized z-scores
divided by 2 (i.e., HR and 95% CI for each additional 2 z-score units).
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Table 3. Estimates (differences and 95% confidence intervals) for average yearly weight change (g/y) according to updated quintiles (Q) of adherence to a Provegetarian
Food Pattern (FP), a Healthful Provegetarian FP and an Unhealthful Provegetarian FP in the SUN Project.

Provegetarian FP

Q1 Q2 Q3 Q4 Q5 p-Trend

Absolute Yearly Weight Change (g), Adjusted Mean 1 401 (343 to 460) 413 (344 to 481) 343 (280 to 405) 274 (212 to 336)
Age-and Sex-Adjusted Differences Versus Q1 0 (ref) −52 (−132 to 27) -43 (-131 to 44) −112 (−195 to −30) −164 (−246 to −81) <0.001

Multivariable-Adjusted Differences Versus Q1 1 0 (ref) −39 (−118 to 39) −28 (−115 to 58) −98 (−181 to −16) −167 (−249 to −84) <0.001

Updated Provegetarian FP (repeated measures)

Absolute Yearly Weight Change (g), Adjusted Mean 1 367 (321 to 413) 361 (310 to 411) 342 (282 to 402) 302 (251 to 352) 221 (168 to 274)
Multivariable-Adjusted Differences Versus Q1 (GEE) 2 0 (ref) −6 (−70 to 57) −26 (−96 to 45) −65 (−133 to 2) −146 (−214 to -78) <0.001

Healthful Provegetarian FP

Absolute Yearly Weight Change (g), Adjusted Mean 1 472 (413 to 531) 416 (359 to 473) 347 (283 to 411) 355 (297 to 411) 270 (203 to 338)
Age-and Sex-Adjusted Differences Versus Q1 0 (ref) −69 (−151 to 13) −134 (−221 to −46) −123 (−206 to −40) −198 (−289 to −107) <0.001

Multivariable-adjusted differences versus Q1 1 0 (ref) −56 (−138 to 26) −125 (−212 to −38) −117 (−200 to −35) −202 (−294 to −110) <0.001

Updated Healthful Provegetarian FP (repeated measures)

Absolute Yearly Weight Change (g), Adjusted Mean 1 416 (367 to 465) 342 (295 to 390) 285 (233 to 337) 321 (273 to 370) 216 (160 to 271)
Multivariable-Adjusted Differences versus Q1 (GEE) 2 0 (ref) −73 (−139 to−7) −130 (−201 to−61) −94 (−163 to −26) −200 (−275 to −125) <0.001

Unhealthful Provegetarian FP

Absolute Yearly Weight Change (g), Adjusted Mean 1 365 (306 to 425) 346 (288 to 404) 401 (343 to 458) 393 (330 to 457) 387 (320 to 455)
Age-and Sex-Adjusted Differences Versus Q1 0 (ref) −11 (−93 to 71) 50 (−32 to 133) 38 (−49 to 124) 51 (−37 to 139) 0.149

Multivariable-Adjusted Differences Versus Q1 1 0 (ref) −19 (−101 to 62) 35 (−47 to 118) 28 (−60 to 116) 22 (−70 to 114) 0.434

Updated Unhealthful Provegetarian FP (repeated measures)

Absolute Yearly Weight Change (g), Adjusted Mean 1 306 (256 to 355) 303 (254 to 351) 334 (287 to 381) 330 (278 to 382) 338 (283 to 393)
Multivariable-Adjusted Differences Versus Q1 (GEE) 2 0 (ref) −3 (−70 to 64) 28 (−39 to 96) 24 (−47 to 96) 32 (−43 to 108) 0.324

1 Adjusted for sex, age, baseline BMI, physical activity, hours of TV watching, smoking status, marital status, years of university education, total energy intake, snacking between meals,
following a special diet at baseline, parental family history of obesity, hours of siesta sleep and year of recruitment. 2 GEE, generalized estimating equations for multivariable-adjusted
differences (95% CIs) of yearly weight change (g/y) using repeated measures of diet after 10 years of follow-up.
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Table 4. Risk of obesity (HR and 95% CI) 1 in overweight participants (n = 3935) according to quintiles of different provegetarian food patterns (FP).

Provegetarian FP Q1 Q2 Q3 Q4 Q5 p-Trend z-Continuous 2

Cases/Person-years 178/9650 162/8178 96/5655 126/7693 107/8288 2320/113,213
Age-and sex-adjusted 1 (ref) 1.06 (0.86 to 1.32) 0.93 (0.72 to 1.20) 0.90 (0.72 to 1.14) 0.71 (0.55 to 0.90) 0.003 0.78 (0.67 to 0.91)

Repeated measures 1 (ref) 1.06 (0.86 to 1.32) 0.86 (0.67 to 1.12) 0.92 (0.73 to 1.16) 0.74 (0.58 to 0.94) 0.007 0.80 (0.68 to 0.93)
Multivariable-adjusted 1 1 (ref) 1.09 (0.87 to 1.36) 0.91 (0.70 to 1.18) 0.96 (0.75 to 1.23) 0.79 (0.61 to 1.02) 0.056 0.82 (0.69 to 0.98)

Repeated measures 1 (ref) 1.03 (0.83 to 1.29) 0.83 (0.64 to 1.08) 0.97 (0.77 to 1.24) 0.83 (0.65 to 1.07) 0.123 0.85 (0.72 to 1.01)
Healthful Provegetarian FP

Cases/Person-years 141/7423 139/7876 135/6808 149/9846 105/7510 2320/113,213
Age-and sex-adjusted 1 (ref) 0.95 (0.75 to 1.20) 1.04 (0.82 to 1.32) 0.80 (0.63 to 1.01) 0.73 (0.56 to 0.95) 0.006 0.79 (0.68 to 0.93)

Repeated measures 1 (ref) 0.98 (0.77 to 1.23) 1.05 (0.83 to 1.33) 0.78 (0.62 to 0.99) 0.74 (0.57 to 0.96) 0.004 0.79 (0.68 to 0.92)
Multivariable-adjusted 1 1 (ref) 0.93 (0.73 to 1.20) 1.03 (0.80 to 1.33) 0.86 (0.67 to 1.10) 0.79 (0.59 to 1.05) 0.066 0.87 (0.73 to 1.04)

Repeated measures 1 (ref) 0.94 (0.74 to 1.21) 1.04 (0.81 to 1.34) 0.82 (0.64 to 1.05) 0.79 (0.60 to 1.03) 0.036 0.86 (0.73 to 1.02)
Unhealthful Provegetarian FP

Cases/Person-years 179/9930 143/8761 144/8338 108/6443 95/5991 2320/113,213
Age-and sex-adjusted 1 (ref) 0.93 (0.74 to 1.16) 0.99 (0.79 to 1.24) 0.93 (0.73 to 1.19) 0.87 (0.68 to 1.11) 0.305 0.92 (0.78 to 1.07)

Repeated measures 1 (ref) 0.92 (0.74 to 1.14) 0.97 (0.78 to 1.21) 0.90 (0.70 to 1.15) 0.86 (0.67 to 1.11) 0.256 0.92 (0.78 to 1.08)
Multivariable-adjusted 1 1 (ref) 1.12 (0.90 to 1.40) 1.05 (0.83 to 1.32) 1.03 (0.80 to 1.33) 0.96 (0.73 to 1.26) 0.763 0.96 (0.81 to 1.14)

Repeated measures 1 (ref) 1.12 (0.90 to 1.39) 1.04 (0.83 to 1.31) 1.02 (0.79 to 1.30) 0.95 (0.73 to 1.25) 0.698 0.97 (0.82 to 1.15)

Age was used as the underlying time variable in all the models. All the models were stratified by age groups (10-year periods) and year of recruitment (4-year periods). 1 Additionally
adjusted for baseline BMI (kg/m2, continuous), physical activity (METs-h/week, quartiles), hours of TV watching (quartiles), smoking status (current, never, former), marital status (single,
married, other), years of university education (years, continuous), total energy intake (kcal/day, continuous), snacking between meals (yes, no), following a special diet at baseline (yes, no),
parental family history of obesity (yes, no), hours of siesta (0, >0 to ≤0.5, >0.5). Robust standard errors were used. 2 Standardized z-scores divided by 2 (i.e., HR and 95% CI for each
additional 2 z-score units).
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Figure 3. Sensitivity Analyses (results under different scenarios). Hazard Ratios (95% CI) of incident
overweight/obesity for extreme quintiles (Q5 vs. Q1) of adherence to the overall, healthful and
unhealthful provegetarian food patterns.
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4. Discussion

In a Mediterranean dynamic prospective cohort study composed of university graduates with
an initial BMI < 25 kg/m2 (normal weight), we found that a general preference for plant-derived
foods (provegetarian FP) was modestly associated with lower risk of subsequently developing
overweight/obesity during follow-up. This inverse association was considerably stronger when we
specifically evaluated the preference for healthy plant-derived foods (healthful provegetarian FP),
whereas no such association was found for the preference for less healthy plant-derived foods
(unhealthful provegetarian FP). Our findings were robust in sensitivity analyses and remained
consistent and significant when updating diet measurements with the use of repeated nutritional data
obtained from the FFQ administered after 10 years of follow-up. Additional analyses including normal
weight and overweight participants with an initial BMI < 30 kg/m2 revealed that we cannot be equally
certain about the inverse association between these provegetarian food patterns and obesity among
overweight subjects. These results are in line with recent findings from three ongoing prospective
cohort studies in the United States, which were published while our paper was under review [25].

A-priori defined provegetarian indices were used to assess the effect of preference for plant-derived
foods compared with preferential selection of foods from animal sources on the risk of new-onset
overweight/obesity. This approach builds on previous research and includes well-defined food groups
with varying nutritional content. Thus, results are in close agreement with previous findings, which
could be expected, as most healthy plant foods positively weighed in the healthful provegetarian FP
(vegetables, fruits, legumes, whole grains, nuts, olive oil, coffee) have been consistently associated
with lower risk of weight gain. Likewise, less-healthy plant foods positively weighed in the
unhealthful provegetarian FP (fruit juices, potatoes, refined grains, sugary beverages, pastries)
have been consistently associated with higher risk of weight gain [48]. Noteworthy, most of the
cereal grains consumed by our participants were refined, especially white bread, which accounted
for 49% of the cereal group. In addition, according to the NOVA (a name, not an acronym) food
classification system that categorizes foods based on the extent and purpose of food processing,
plant-based foods such as sugary beverages and pastries can be considered ultra-processed foods. Their
convenience (imperishable, ready-to-consume), hyper-palatability, branding and aggressive marketing
give ultra-processed foods enormous market advantages over minimally processed healthy food, and
their consumption has been systematically associated with the deterioration of overall nutritional
quality of diets and with several chronic non-communicable diseases including obesity [49]. Therefore,
from a public health perspective, focusing solely on plant or animal origin of foods may not be the
most effective message in terms of obesity prevention.

The associations observed between a general preference for plant-derived foods and lower
risk of overweight/obesity are consistent with previous research [12–20]. In particular, preference
for less-healthy plant foods was associated with an increased risk of overweight/obesity compared
with preferential selection of healthier plant foods, as could be expected. However, preference for
less-healthy plant foods did not affect the risk of overweight/obesity compared with preference for
foods from animal sources. These results suggest that plant-based foods should be prioritized over
animal foods, and reinforce the importance of a preference for healthier plant foods in terms of weight
gain prevention. Similarly, a recent study found that exclusion of less healthy plant-based foods
from a plant-based diet index did not substantially change its beneficial effect, while exclusion of the
healthy plant-based foods combined from the plant-based diet index moderately attenuated the inverse
association. Therefore, it seems that healthy plant foods could apparently be driving the observed
beneficial effect. The associations were also moderately attenuated by giving healthier animal foods
positive scores [12]. Additionally, another study found that a greater consumption of sugar-sweetened
beverages and ultra-processed food was associated with a higher risk of being overweight among
vegetarians [50], which further supports our results. Hence, an additional implication of this study
is to call for evidence regarding the effects on health and sustainability of innovatively processed
plant-based products that are becoming increasingly common among consumers.
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The potential mechanisms underlying our findings may be related to the preventive effect against
overweight/obesity of a high intake of foods containing dietary fiber and bioactive compounds, which
are naturally found in fruits and vegetables. Minimally processed plant-based foods are typically low in
energy density and contain high concentrations of micronutrients and phytochemicals like flavonoids
that may have a beneficial influence on energy homeostatic pathways [51]. Other components like fiber
may also increase satiation and positively modulate gut microbiota composition [30]. In fact, we found
evidence that fiber may mediate the beneficial effect of a provegetarian diet on overweight/obesity
(i.e., the inverse association was attenuated after additionally adjusting for total fiber intake [g/day]).
Another study in the SUN cohort found a significant inverse association between the CQI and
the incidence of overweight/obesity, which highlights the importance of preferentially consuming
high-quality carbohydrates in terms of obesity prevention [52]. Moreover, vegetable-and fruit-based
dietary patterns have been suggested to modulate inflammation status [53], and a previous study in
our cohort found that a higher proinflammatory diet was associated with a higher risk of overweight
and obesity [54].

Beyond the health of individuals, and taking into consideration the health of our planet, it is also
known that the adoption of provegetarian food patterns could significantly reduce greenhouse gas
emissions [1] as well as other environmental impacts, and it is not as expensive as adopting other
healthy and environmentally friendly dietary patterns such as the Mediterranean Diet (MedDiet) [55].
This focus may be a useful strategy to change dietary behaviors in the general public towards
a healthier diet, as it is a way to connect with deeper needs and desires of people while improving
their health as a side effect [56]. Although the MedDiet is also associated with a significantly lower
risk of overweight/obesity in our cohort (HR [95% CI] for the highest category of adherence to the
MDS [range 6–9] vs the lowest [range 0–3]: 0.78 [0.69 to 0.87]) and represents a food pattern rich in
plant-derived foods, there are some important differences between the provegetarian food pattern and
the MedDiet in relation to the scoring criteria for fish, potatoes and alcohol. In fact, the provegetarian
FP and its healthful version were only moderately correlated (Pearson correlation coefficient: 0.54) with
the traditional MedDiet (as defined by the MDS score proposed by Trichopoulou et al. [43]), reflecting
that these are novel diet indices that capture unique aspects of a pro-vegetarian diet. Importantly,
linking obesity with other major global challenges like climate change and health of the planet focuses
attention on the scale and urgency of addressing these challenges and may increase demand for
policy action by the public [57]. Our study reinforces current evidence and recommendations that
suggest a shift towards diets rich in plant foods with lower intake of animal foods, and emphasizes the
importance of prioritizing healthy plant foods. Finally, the present study also provides insights for the
development of innovative foods of plant origin by food scientists and the food industry. The design
of new foods should be performed within boundaries of key nutrients (e.g., added sugar and salt),
but also boundaries in the number of ingredients and their level of processing.

The strengths of the present study include the prospective longitudinal design with a long
follow-up period and a relatively large sample size; the restriction to participants with baseline
BMI < 25 kg/m2, which minimized the possibility of reverse causation bias; and the use of repeated
measurements of the diet, which reduced potential measurement errors and increase validity of
well-validated self-reported comprehensive food-frequency methods such as the SUN cohort FFQ that
has been repeatedly validated in Spanish participants [36,37].

The present study also has some limitations. Although we adjusted for a wide array of potential
confounders, we cannot exclude the possibility of residual confounding given the observational nature
of the study design and the fact that adherence to the overall and healthful provegetarian was higher
among participants with healthier characteristics (non-smokers, higher levels of physical activity).
However, the restriction to highly educated participants was applied to control for confounding by
socioeconomic status, which is an approach considered in epidemiology as an excellent technique to
reduce confounding [58]. This also implies that our sample from the SUN cohort is not representative of
the general Spanish population. However, most cohorts are usually non-representative, and “it is not
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representativeness of the study subjects that enhances the generalization, it is knowledge of specific
conditions and an understanding of mechanism that makes for a proper generalization” [59]. Therefore,
the dose-response trend found in our results, as well as the consistency with previous studies and the
existence of biological plausibility confer high potential of causality for the benefits of a plant-based
dietary pattern, particularly a healthy provegetarian pattern, in the prevention of long-term weight gain.
Another potential limitation is that weight and dietary information were self-reported so, although
they were validated as previously mentioned, we cannot rule out some degree of nondifferential
misclassification. Moreover, whole grain consumption has only recently started to be more common in
Spain, so the only whole grain product included in the FFQ was brown bread. Therefore, we could
not fully consider the effect of a higher consumption of other whole grains on the risk of incident
overweight and obesity.

In conclusion, higher adherence to a provegetarian FP emphasizing preference for healthy
plant-derived foods was associated with a lower risk of developing overweight and obesity in a cohort
of Spanish university graduates with initial low body mass index. Given that excess weight is also
a critical risk factor for developing other increasingly frequent non-communicable chronic diseases,
a generalized adoption of healthful provegetarian diets is an important target that should be considered
in future public health policies.
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Table S1. Food groups included in the provegetarian food patterns and food items from the SUN cohort FFQ . 
Plant Food Groups Food items from the SUN Project FFQ 

Vegetables Swiss chard, spinach, cabbage, cauliflower, broccoli, lettuce, chicory, tomatoes, carrot, pumpkin, green beans, eggplant, zucchini, 
cucumber, pepper, asparagus, others 

Fruits Citrus, grapes, banana, apple, pear, strawberry, peach, apricot, nectarine, cherries, plums, figs, melon, watermelon, grapes, 
mango, papaya, kiwi 

Legumes Lentils, chickpeas, beans, peas 

Nuts Almonds, peanuts, hazelnuts, walnuts 

Olive oil Olive oil 

Cereal grains Breakfast cereals, white bread, white rice, pasta, whole-grain bread 

Whole grains Whole-grain bread  

Refined grains Breakfast cereals, white bread, white rice, pasta 

Potatoes Potato chips, baked potatoes 

Coffee Coffee, decaffeinated coffee 

Fruit juices Fresh orange juice, other natural fruit juices 

Pastries cookies, home-baked and ready-made cakes, muffins, donuts, croissant, cakes, churros, chocolates, nougat, marzipan 

Sugary beverages Sugar-sweetened beverages, bottled fruit or vegetable juices 

Animal Food Groups  

Dairy Whole milk, skim or low-fat milk, condensed milk, cream, milk shake, yogurt, custard, cheese, ice cream  

Eggs Eggs 

Meat Beef, veal, pork, lamb, liver, other viscera, chicken, turkey,  serrano ham, cooked ham, spicy pork sausage, salami, mortadella, 
foie gras, black pudding, bacon, other cured or smoked meats, hamburger, hot dog 

Fish and seafood White fish, blue fish, salted or smoked fish, clams, mussels, shrimp, squid, octopus 

Animal fat Butter, lard 

Miscellaneous food Pizza, instant soups, mayonnaise 



Table S2. Age- and sex-adjusted baseline characteristics (means [SDs] for continuous variables and percentages 

for dichotomous variables) by quintiles (Q) of the provegetarian food pattern in the SUN cohort.  
 Provegetarian Food Pattern (n=11,554) 

 Q1  Q2 Q3 Q4 Q5 

N (frequency) 2,939 2,458 1,781 2,131 2,245 

Provegetarian FP range 13 – 32 33 – 35 36 – 37 38 – 40 41 – 55 

Provegetarian FP score 29 (2.5) 34 (0.8) 37 (0.5) 39 (0.8) 44 (2.5) 

Age (years) 35 (11) 35 (11) 35 (11) 35 (11) 35 (11) 

Female (%) 73 73 73 73 74 

Unemployed (%) 6.1 6.7 6.3 5.4 6.1 

Married (%) 44 44 43 41 41 

Living alone (%) 6.8 7.4 6.7 7.0 7.0 

Special diet (%) 5.3 5.4 4.0 6.3 8.6 

Between meal snacking (%) 35 34 33 32 31 

Smoking status (%)      

Never 50 52 54 55 55 

Current  25 23 23 21 20 

Former 24 25 23 23 24 

Years of university education  5.0 (1.5) 5.0 (1.4) 5.0 (1.5) 5.0 (1.5) 5.0 (1.5) 

BMI (kg/m2) 22 (1.9) 22 (1.9) 22 (1.9) 22 (1.9) 22 (2.0) 

Family history of obesity (%) 19 19 20 22 22 

Physical activity (METs-h/wk) 21 (21) 22 (22) 23 (22) 24 (22) 26 (25) 

Television viewing (h/d) 1.6 (1.2) 1.6 (1.2) 1.6 (1.2) 1.6 (1.2) 1.5 (1.2) 

Sleeping siesta (min/d) 18 (51) 18 (48) 18 (52) 17 (44) 16 (41) 

Energy intake (kcal/d) 2399 (577) 2317 (579) 2334 (597) 2332 (616) 2408 (631) 

Macronutrients (% E)      

Carbohydrates 40 (7.0) 42 (6.5) 44 (6.6) 45 (6.6) 48 (6.7) 

CQI 10 (2.9) 10.8 (3.1) 11 (3.1) 12 (3.1) 13 (3.1) 

Protein 19 (3.4) 18 (3.2) 18 (2.9) 18 (2.9) 16 (2.7) 

Fat 39 (6.2) 37 (6.0) 36 (6.3) 36 (6.5) 34 (6.5) 

SFA 15 (3.3) 13 (2.7) 12 (2.6) 12 (2.6) 10 (2.6) 

MUFA 16 (3.4) 16 (3.6) 16 (3.7) 16 (4.0) 15 (3.9) 

PUFA 5.2 (1.5) 5.2 (1.6) 5.2 (1.5) 5.2 (1.6) 5.2 (1.6) 

FQI 1.5 (0.3) 1.6 (0.3) 1.7 (0.4) 1.8 (0.4) 2.0 (0.6) 

Plant food groups1, g/d      

Vegetables 418 (272) 486 (288) 519 (312) 589 (343) 678 (355) 

Potatoes 44 (38) 50 (40) 55 (39) 57 (41) 65 (46) 

Fruits 258 (209) 326 (227) 371 (271) 426 (308) 487 (314) 

Fruit juices 59 (94) 64 (94) 63 (91) 71 (95) 72 (113) 

Nuts 4.0 (7.3) 5.8 (8.6) 7.3 (12) 8.2 (11.8) 12.3 (15) 

Legumes 18 (15) 22 (16) 23 (20) 25 (19) 27 (18) 



Cereal grains 79 (57) 97.6 (61.6) 106 (64) 111 (61) 129 (65) 

Whole grains 7.1 (21) 11 (28) 13 (31) 17 (34) 22 (40) 

Refined grains 72 (55) 87 (59) 93 (62) 95 (61) 106 (65) 

Olive oil 14 (12) 17 (13) 19 (14) 21 (14) 24 (15) 

Pastries/sweets 58 (44) 55 (41.7) 52 (39) 47 (36) 43 (36) 

Sugary beverages 73 (111) 68 (99) 66 (114) 59.(88) 50 (86) 

Coffee 65 (64) 59 (60) 61 (61) 57 (60) 54 (59) 

Animal food groups1, g/d      

Dairy 529 (264) 457 (240) 423 (222) 386 (210) 316 (202) 

Eggs  29 (18) 25 (14) 23 (14) 21 (13) 17 (11) 

Meat 208 (73) 184 (65) 171 (61) 160 (61) 133 (61) 

Fish and seafood 101 (57) 96 (55) 93 (53) 94 (54) 86 (60) 

Animal fat 1.8 (3.4) 1.3 (2.6) 1.1 (2.9) 0.8 (2.1) 0.5 (1.7) 

Miscellaneous food* 24 (36) 22 (35) 21 (36) 22 (35) 18 (32) 

Micronutrients, mg/d      

Vitamin C 218 (121) 249 (139) 269 (147) 303 (160) 346 (172) 

Vitamin D 4.0 (2.7) 3.6 (2.2) 3.6 (2.3) 3.6 (2.3) 3.4 (2.3) 

Ca 1347 (501) 1227 (457) 1207 (443) 1188 (448) 1155 (423) 

Na 4135 (2191) 3899 (2175) 3823 (2174) 3844 (2165) 3741 (2024) 

K 4413 (1349) 4537 (1400) 4706 (1515) 4962 (1649) 5363 (1699) 

Mg 388 (107) 397 (109) 411 (119) 428 (127) 463 (134) 

Folate, μg/d 354 (151) 382 (151) 404 (167) 439 (176) 492 (189) 

Total dietary fiber (g/d) 22 (9.4) 25 (9.5) 28 (11) 31 (12) 36 (13) 

Total alcohol intake (g/d) 5.6 (8.7) 5.4 (7.8) 5.4 (8.3) 5.0 (6.9) 5.3 (7.5) 
1 Adjusted for energy intake using the residuals method 
*Miscellaneous food: pizza, instant soups, mayonnaise.  
CQI Carbohydrate Quality Index (4 – 20 index range): based on dietary fibre intake, glycemic index, whole 
grains:total grains ratio, solid carbohydrates: total carbohydrates ratio.  
FQI Fat Quality Index (0.62 – 5.92 index range): [Monounsaturated fatty acids (MFA) + Polyunsaturated 
fatty acids (PUFA)] / [Saturated fatty acids (SFA) + Trans fatty acids (TFA)] 



Table S3. Age- and sex-adjusted baseline characteristics (means [SDs] for continuous variables and percentages 

for dichotomous variables) by quintiles (Q) of the healthful provegetarian food pattern (PFP) in the SUN cohort. 

 Healthful Provegetarian Food Pattern (n=11,554) 

 Q1  Q2 Q3 Q4 Q5 

N (frequency) 2,460 2,543 2,022 2,582 1,947 

Healthful PFP range 32 – 48 49 – 52 53 – 55 56 – 60 61 – 81 

Healthful PFP score 45 (2.6) 51 (1.1) 54 (0.8) 58 (1.4) 65 (3.5) 

Age (years) 35 (12) 35 (11) 35 (11) 35 (11) 35 (11) 

Female (%) 72 73 73 73 73 

Unemployed (%) 5.9 5.9 6.3 6.7 5.7 

Married (%) 42 43 43 44 41 

Living alone (%) 5.5 6.8 6.9 7.0 8.7 

Special diet (%) 3.8 4.5 5.2 6.6 10.7 

Between meal snacking (%) 37 33 32 31 30 

Smoking status (%)      

Never 54 54 52 52 53 

Current  24 23 24 23 19 

Former 21 23 23 25 28 

Years of university education  5.1 (1.6) 5.0 (1.5) 5.0 (1.5) 5.0 (1.5) 4.9 (1.4) 

BMI (kg/m2) 22 (1.9) 22 (1.9) 22 (1.9) 22 (1.9) 22 (1.9) 

Family history of obesity (%) 19 17 21 21 25 

Physical activity (METs-h/wk) 20 (19) 22 (21) 23 (22) 25 (24) 28 (27) 

Television viewing (h/d) 1.6 (1.2) 1.6 (1.2) 1.6 (1.1) 1.6 (1.2) 1.5 (1.2) 

Sleeping siesta (min/d) 20 (56) 17 (45) 17 (49) 17 (44) 16 (43) 

Energy intake (kcal/d) 2366 (609) 2268 (595) 2304 (612) 2379 (605) 2525 (554) 

Macronutrients (% E)      

Carbohydrates 43 (6.9) 43 (6.8) 44 (7.2) 44 (7.4) 46 (7.8) 

CQI 9.0 (2.3) 10 (2.6) 11 (2.7) 12 (2.8) 15 (2.6) 

Protein 18 (3.2) 18 (3.2) 18 (3.2) 18 (3.1) 18 (3.2) 

Fat 38 (5.9) 37 (6.1) 37 (6.5) 37 (7.0) 35 (7.2) 

SFA 14 (3.1) 13 (3.0) 13 (3.0) 12 (3.0) 11 (3.0) 

MUFA 15 (3.1) 16 (3.3) 16 (3.8) 16 (4.1) 16 (4.2) 

PUFA 5.4 (1.5) 5.2 (1.6) 5.1 (1.6) 5.1 (1.6) 5.0 (1.5) 

FQI 1.5 (0.3) 1.6 (0.3) 1.7 (0.4) 1.8 (0.5) 2.0 (0.6) 

Plant food groups1, g/d      

Vegetables 361 (191) 461 (241) 524 (270) 601 (305) 759 (454) 

Potatoes 65 (41) 59 (40) 54 (42) 48 (41) 39 (39) 

Fruits 229 (155) 309 (206) 350 (230) 411 (269) 578 (395) 

Fruit juices 64 (85) 65 (96) 65 (91) 65 (93) 66 (122) 

Nuts 3.8 (5.6) 5.5 (7.3) 6.3 (8.5) 8.3 (12.1) 14 (18) 

Legumes 17 (12) 21 (14) 23 (16) 25 (21) 28 (23) 



Cereal grains 101 (63) 101 (58) 102 (62) 106 (68) 108 (72) 

Whole grains 3.2 (13) 6.8 (17) 11 (25) 17 (35) 35 (50) 

Refined grains 98 (62) 94 (57) 91 (60) 89 (66) 73 (63) 

Olive oil 13 (11) 16 (11) 19 (13) 22 (15) 25 (16) 

Pastries/sweets 61 (36) 55 (37) 53 (39) 48 (44) 37 (42) 

Sugary beverages 86 (102) 75 (109) 67 (107) 50 (89) 33 (85) 

Coffee 44 (54) 54 (56) 61 (61) 68 (64) 74 (65) 

Animal food groups1, g/d      

Dairy 453 (227) 442 (229) 434 (246) 415 (241) 404 (278) 

Eggs  29 (17) 25 (15) 23 (14) 21 (13) 18 (14) 

Meat 195 (64) 186 (66) 175 (67) 163 (67) 143 (74) 

Fish and seafood 93 (53) 93 (50) 94 (57) 95 (55) 100 (71) 

Animal fat 1.9 (3.3) 1.4 (2.9) 1.1 (2.6) 0.9 (2.4) 0.4 (2.0) 

Miscellaneous food* 34 (43) 24 (33) 23 (37) 17 (33) 10 (24) 

Micronutrients, mg/d      

Vitamin C 196 (100) 233 (117) 266 (133) 304 (147) 395 (199) 

Vitamin D 3.7 (2.4) 3.5 (2.1) 3.6 (2.4) 3.7 (2.6) 3.9 (2.7) 

Ca 1173 (425) 1178 (425) 1209 (457) 1261 (481) 1384 (508) 

Na 4555 (2614) 3884 (2065) 3874 (2225) 3703 (2109) 3508 (1627) 

K 4164 (1203) 4384 (1292) 4630 (1406) 4997 (1479) 5961 (1851) 

Mg 369 (99) 381 (101) 402 (110) 434 (116) 513 (135) 

Folate, μg/d 322 (120) 363 (133) 399 (152) 448 (163) 552 (207) 

Total dietary fiber (g/d) 21 (7.7) 24 (8.3) 27 (9.3) 31 (11) 41 (14) 

Total alcohol intake (g/d) 4.8 (7.1) 5.1 (7.8) 5.6 (7.6) 5.7 (8.1) 5.7 (8.3) 
1 Adjusted for energy intake using the residuals method 
*Miscellaneous food: pizza, instant soups, mayonnaise.  
CQI Carbohydrate Quality Index (4 – 20 index range): based on dietary fibre intake, glycemic index, whole 
grains:total grains ratio, solid carbohydrates: total carbohydrates ratio.  
FQI Fat Quality Index (0.62 – 5.92 index range): [Monounsaturated fatty acids (MFA) + Polyunsaturated fatty 
acids (PUFA)] / [Saturated fatty acids (SFA) + Trans fatty acids (TFA)] 



Table S4. Age- and sex-adjusted baseline characteristics (means [SDs] for continuous variables and percentages 

for dichotomous variables) by quintiles (Q) of the unhealthful provegetarian food pattern (PFP) in the SUN cohort.  

 Unhealthful Provegetarian Food Pattern (n=11,554) 

 Q1  Q2 Q3 Q4 Q5 

N (frequency) 2,492 2,508 2,525 2,053 1,976 

Unhealthful PFP range 28 – 48 49 – 52 53 – 56 57 – 60 61 – 80 

Unhealthful PFP score 45 (2.8) 51 (1.1) 55 (1.1) 58 (1.1) 64 (3.2) 

Age (years) 35 (11) 35 (11) 35 (11) 35 (11) 35 (11) 

Female (%) 73 73 73 73 73 

Unemployed (%) 7.2 5.7 5.9 6.6 5.7 

Married (%) 44 43 42 43 42 

Living alone (%) 7.9 7.1 8.1 6. 5.2 

Special diet (%) 9.6 7.1 5.0 3.6 3.3 

Between meal snacking (%) 27 31 33 34 40 

Smoking status (%)      

Never 51 52 53 55 55 

Current  20 24 23 22 24 

Former 28 23 23 22 21 

Years of university education  5.0 (1.4) 5.0 (1.5) 5.0 (1.5) 5.0 (1.5) 5.0 (1.5) 

BMI (kg/m2) 22 (1.9) 22 (1.9) 22 (1.9) 22 (1.9) 22 (1.9) 

Family history of obesity (%) 23 20 21 19 18 

Physical activity (METs-h/wk) 27 (25) 24 (23) 23 (23) 22 (20) 21 (20) 

Television viewing (h/d) 1.5 (1.1) 1.6 (1.2) 1.6 (1.2) 1.6 (1.2) 1.6 (1.3) 

Sleeping siesta (min/d) 16 (40) 18 (51) 18 (50) 17 (44) 19 (54) 

Energy intake (kcal/d) 2195 (545) 2220 (589) 2331 (582) 2469 (586) 2706 (549) 

Macronutrients (% E)      

Carbohydrates 41 (7.0) 43 (7.2) 44 (7.1) 45 (6.8) 47 (7.1) 

CQI 13 (3.1) 12 (3.1) 11 (3.0) 11 (3.0) 9.5 (2.6) 

Protein 20 (2.9) 19 (2.9) 18 (2.8) 17 (2.4) 15  (2.7) 

Fat 37 (6.5) 37 (6.8) 37 (6.5) 36 (6.3) 36 (6.8) 

SFA 12 (3.3) 13 (3.3) 13 (3.2) 13 (3.1) 13 (3.0) 

MUFA 16 (3.7) 16 (3.8) 16 (3.7) 16 (3.5) 15 (3.9) 

PUFA 4.9 (1.2) 5.0 (1.4) 5.2 (1.6) 5.3 (1.6) 5.6 (2.0) 

FQI 1.8 (0.5) 1.7 (0.5) 1.7 (0.5) 1.7 (0.4) 1.7 (0.5) 

Plant food groups1, g/d      

Vegetables 692 (329) 586 (342) 517 (291) 450 (290) 358 (284) 

Potatoes 39 (29) 49 (35) 54 (39) 61 (44) 70 (55) 

Fruits 458 (271) 396 (266) 358 (279) 333 (273) 265 (277) 

Fruit juices 59 (84) 62 (88) 70 (101) 69 (104) 69 (113) 

Nuts 9.6 (13) 8.2 (12) 7.6 (12) 5.9 (10) 4.6 (10) 

Legumes 27 (18) 24 (16) 23 (17) 21 (18) 18 (18) 



Cereal grains 89 (48) 99 (57) 102 (60) 108 (69) 123 (84) 

Whole grains 23 (36) 17 (35) 13 (30) 7.9 (25) 3.4 (21) 

Refined grains 65 (40) 17 (14) 89 (57) 100 (66) 120 (82) 

Olive oil 22 (13) 20 (14) 19 (14) 17 (14) 15 (16) 

Pastries/sweets 36 (24) 43 (28) 50 (34) 59 (43) 75 (58) 

Sugary beverages 37 (60) 54 (82) 63 (90) 74 (106) 99 (149) 

Coffee 75 (63) 64 (59) 58 (60) 51 (58) 45 (56) 

Animal food groups1, g/d      

Dairy 496 (250) 451 (243) 433 (240) 392 (228) 346 (225) 

Eggs  26 (13) 24 (15) 23 (15) 22 (15) 20 (16) 

Meat 186 (66) 177 (68) 175 (71) 169 (69) 154 (71) 

Fish and seafood 118 (53) 103 (54) 92 (56) 83 (55) 67 (45) 

Animal fat 1.2 (2.4) 1.3 (3.0) 1.1 (2.6) 1.2 (2.8) 0.9 ( 2.9) 

Miscellaneous food* 23 (30) 23 (34) 22 (36) 22 (39) 18 (38) 

Micronutrients, mg/d      

Vitamin C 322 (158) 281 (157) 266 (149) 256 (144) 233 (150) 

Vitamin D 4.2 (2.6) 3.7 (2.4) 3.6 (2.6) 3.4 (2.2) 3.1 (2.0) 

Ca 1330 (463) 1231 (485) 1225 (462) 1188 (443) 1174 (435) 

Na 3662 (1891) 3745 (2136) 3887 (2166) 4076 (2365) 4301 (2222) 

K 5190 (1562) 4761 (1627) 4685 (1535) 4630 (1499) 4578 (1493) 

Mg 440 (124) 410 (130) 408 (121) 408 (117) 414 (113) 

Folate, μg/d 473 (170) 421 (183) 402 (166) 384 (157) 360 (167) 

Total dietary fiber (g/d) 32 (12) 29 (13) 27 (12) 27 (11) 26 (12) 

Total alcohol intake (g/d) 5.2 (7.1) 5.1 (7.1) 5.5 (8.4) 5.6 (8.0) 5.5 (8.5) 
1 Adjusted for energy intake using the residuals method 
*Miscellaneous food: pizza, instant soups, mayonnaise.  
CQI Carbohydrate Quality Index (4 – 20 index range): based on dietary fibre intake, glycemic index, whole 
grains:total grains ratio, solid carbohydrates: total carbohydrates ratio.  
FQI Fat Quality Index (0.62 – 5.92 index range): [Monounsaturated fatty acids (MFA) + Polyunsaturated fatty acids 
(PUFA)] / [Saturated fatty acids (SFA) + Trans fatty acids (TFA)] 



Table S5. Sensitivity Analyses. Hazard Ratios (95% confidence intervals) of incident overweight/obesity for extreme quintiles (Q5 vs. Q1) of adherence to the different 

provegetarian food patterns.  

   Provegetarian Healthful Unhealthful 

 
Cases N Q5 vs. Q1 (ref) 

p 
trend 

Q5 vs. Q1 (ref) 
p 

trend 
Q5 vs. Q1 (ref) 

p 
trend 

Overall 2320 11,554 0.85 (0.75, 0.96) 0.014 0.78 (0.67, 0.90) <0.001 1.07 (0.92, 1.23) 0.551 

Energy limits: Percentiles 5-95 2301 11,637 0.82 (0.72, 0.94) 0.005 0.76 (0.66, 0.89) <0.001 1.04 (0.89, 1.21) 0.633 

Excluding participants with no answer in 
 >12 items out of 136 in the baseline FFQ  

2116 10,613 0.90 (0.79, 1.04) 0.094 0.82 (0.70, 0.95) 0.002 1.02 (0.87, 1.19) 0.910 

Including participants with weight change >10kg  
over the past 5 years before entering the study 

2449 11,874 0.87 (0.76, 0.98) 0.023 0.79 (0.69, 0.91) 0.001 1.02 (0.88, 1.18) 0.824 

Additionally adjusted for weight gain ≥3kg  
over the past 5 years before entering the cohort 

2320 11,554 0.85 (0.75, 0.97) 0.014 0.78 (0.67, 0.90) <0.001 1.06 (0.92, 1.23) 0.565 

Excluding  participants with BMI>24.5 kg/m2 at baseline 1739 10,754 0.79 (0.68, 0.92) 0.002 0.74 (0.62, 0.87) <0.001 0.99 (0.83, 1.17) 0.915 

Excluding early cases of overweight/obesity (first 2 y) 1547 10,780 0.81 (0.69, 0.95) 0.005 0.75 (0.63, 0.90) 0.001 0.96 (0.80, 1.15) 0.901 

Considering obesity as outcome (BMI ≥ 30 kg/m2) 759 15,489 0.79 (0.62, 1.01) 0.051 0.78 (0.60, 1.02) 0.037 0.97 (0.75, 1.25) 0.800 

Truncating follow-up at 10 years 1884 11,554 0.85 (0.74, 0.98) 0.030 0.74 (0.63, 0.86) <0.001 1.15 (0.98, 1.35) 0.227 

Age was the underlying time variable in all models.  
Adjusted for sex, baseline BMI, physical activity, hours of TV watching, smoking status, marital status, years of university education, total energy intake, snacking between 
meals, following a special diet at baseline, parental family history of obesity, hours of siesta. Stratified by age groups and year of recruitment. 



Figure S1. Percentage differences1 between extreme quintiles (quintile 1 and 5) and median scores (quintile 3) for the consumption of each food category of 
the provegetarian food pattern: overall study population (The SUN Project, 1999-2015).  
 

 
 
1 For example, the median vegetable intake (g/day) in the provegetarian score was 467 in the overall study population. The vegetable intake in the lowest 
provegetarian quintile was 358 (77% of median intake), whereas the vegetable intake in the highest provegetarian quintile was 622 (133% of median intake). 
We conceptualized the median as 100% and plotted the percent differences from the median.  
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Figure S2. Percentage differences between extreme quintiles (quintile 1 and 5) and median scores (quintile 3) for the consumption of each food category of the 
healthful provegetarian food pattern: overall study population (The SUN Project, 1999-2015). 
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Figure S3. Percentage differences between extreme quintiles (quintile 1 and 5) and median scores (quintile 3) for the consumption of each food category of the 
unhealthful provegetarian food pattern: overall study population (The SUN Project, 1999-2015). 
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s u m m a r y

Background & aims: Front-of-pack nutrition labelling is a key public health policy that can be adopted as
part of a comprehensive set of measures to promote healthy diets. The Nutri-Score, a five-colour sum-
mary label based on a modified version of the British Food Standards Agency Nutrient Profiling System
(FSAm-NPS), is being considered for implementation in several European countries including Spain. This
study aimed to prospectively assess the association between the FSAm-NPS and mortality rate in a
Spanish cohort of university graduates.
Methods: Analyses included 20 503 participants (mean [SD] age: 38 [12] years) from the SUN cohort.
Dietary intake was assessed at baseline and after 10-years of follow-up with a validated semi-
quantitative food-frequency questionnaire. The FSAm-NPS was calculated for each food/beverage
based on their amount of energy, saturated fat, sugar, sodium, fibre, protein, fruits, vegetables, legumes,
nuts, rapeseed, walnut and olive oils per 100 g of product. The FSAm-NPS Dietary Index (DI) was
computed as an energy-weighted mean of the FSAm-NPS scores of all foods and beverages consumed by
each participant. Multivariable-adjusted Cox proportional hazards models were used to estimate hazard
ratios (HRs) and 95% confidence intervals (CIs) for all-cause and cause-specific mortality according to
baseline and updated FSAm-NPS DI scores.
Results: Over a median follow-up of 10.9 years, 407 participants died. A higher baseline FSAm-NPS DI
score, reflecting consumption of foods with lower nutritional quality and hence less favourable Nutri-
Score rating, was directly associated with all-cause mortality (HR Q4 versus Q1 ¼ 1.82; 95% CI: 1.34 to
2.47; p-trend<0.001) and cancer mortality (HR: 2.44; 95% CI: 1.54 to 3.85; p-trend<0.001). No association
was found for cardiovascular mortality.
Conclusions: The consumption of food products with a higher FSAm-NPS score (lower nutritional quality)
was associated with a higher rate of all-cause and cancer mortality in a large prospective cohort of
Spanish, middle-aged university graduates. These findings further support the implementation of Nutri-
Score in Euro-Mediterranean countries.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Globally, dietary risk factors are responsible for approximately
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adjusted life-years), which are attributable to preventable chronic
diseases such as cardiovascular disease, cancer, and type 2 diabetes
[1]. The continuously increasing availability and consumption of
highly processed foods and beverages with low nutritional and
high caloric content are key drivers of diet-related conditions [2].

Front-of-pack (FOP) nutrition labelling is one of the “best buy”
policy measures that can be implemented in conjunction with
educational campaigns to promote healthy eating and prevent diet-
related chronic diseases [3e5]. FOP nutrition labels use nutrient
profiling models to assess the nutritional quality of food products
and display their healthiness in a simplified, visual form. Their
purpose is to clarify nutritional information presented on-pack to
help consumers make healthier food choices, and to encourage the
industry to improve the nutritional composition of their products
through reformulation [6].

The Nutri-Score FOP labelling scheme is a scientifically validated
five-colour labelling system developed by independent French re-
searchers [9]. It relies on a modified version of the British Food
Standards Agency Nutrient Profiling System (FSAm-NPS) that was
originally developed for the UK regulator for broadcast media to
regulate television advertising to children [10,11]. The algorithm
allocates an overall score to a given food/beverage according to its
nutrient composition. Based on this overall score, Nutri-Score cat-
egorizes food products into five colours reflecting their nutritional
quality [9]. Each colour is also associated with a letter from A (dark
green) to E (dark orange) to make the labelling more accessible and
understandable to consumers.

Several studies have shown that the underlying algorithm of the
Nutri-Score is able to discriminate the nutritional quality of foods in
a way that is mostly consistent with current nutritional recom-
mendations [12e14]. Furthermore, the Nutri-Score format (i.e.
interpretive, colour-coded summary nutrition rating system) has
been found to be well perceived and better understood than other
FOP nutrition labels such as the industry-preferred Reference In-
takes label [15,16]. It has also been shown to be relatively useful in
helping consumers to be aware of the nutritional quality of foods
and improving the nutritional quality of both intentional and actual
purchases [17e20]. In addition, it has been suggested that FOP la-
bels such as Nutri-Score have the potential to help decrease mor-
tality from non-communicable diseases [21].

Previous prospective studies in the UK and France have reported
that diets with a lower nutritional quality (based on the FSA-NPS)
are associated with a higher risk of developing chronic diseases
such as obesity, cardiovascular disease and cancer [22e32]. How-
ever, there have been no studies evaluating prospective associa-
tions between potential adoption of the Nutri-Score and mortality
rate in the Spanish population. In this context, where olive oil is the
major culinary fat, and particularly given the strong evidence
supporting the beneficial effects of olive oil regardless of its energy
and fat content [33e35], it also seems important to assess the effect
of assigning olive oil the highest nutritional quality. Therefore, this
study aims to evaluate the association between adherence to the
FSAm-NPS Dietary Index (DI) and all-cause and cause-specific
mortality in the Seguimiento Universidad de Navarra (SUN) pro-
spective cohort study.

2. Methods

2.1. Study population: the SUN study

The SUN Study is a prospective, dynamic, multipurpose and
permanently open cohort of Spanish university graduates investi-
gating the impact of diet and lifestyle on non-communicable dis-
eases. The design, objectives, and methods have been described
elsewhere [36]. Briefly, since December 1999 graduates from the

University of Navarra and other Spanish universities and profes-
sional are invited to participate. Information of participants is
gathered through postal or web-based self-reported questionnaires
at baseline and every 2 years. By July 2018, the cohort included
22 790 participants.

To ensure a minimum follow-up of two years, we only consid-
ered participants recruited before October 2015. Out of 22 467
eligible participants, we excluded 446 with a total daily energy
intake below and above the 1st and 99th centiles. Among the
remaining participants, 1518 were lost to follow-up (retention rate:
93%). For the present analyses, we used data from 20 503 partici-
pants of the SUN cohort.

2.2. Dietary intake assessment

Dietary intake was assessed at baseline using a semi-
quantitative 136-item food-frequency questionnaire (FFQ) previ-
ously validated and repeatedly re-evaluated in Spain [37,38]. The
FFQ classifies 136 food items into general food groups: dairy, eggs,
meat and fish, vegetables, fruits, legumes and cereals, oils and fats,
pastries, beverages and miscellaneous. A commonly used portion
size was specified (slices, glass, teaspoons, etc.) for each of the food
items, and participants were asked how often they had consumed
that unit on average over the previous year. There were nine op-
tions offered to indicate frequency of consumption, ranging from
never or hardly ever to more than six times a day. To estimate daily
consumption for each food item, the portion size was multiplied by
the frequency of consumption. Nutrient intakes were computed as
the sum of the frequency of consumption (converted to daily
intake) of each item multiplied by nutrient composition of a
specified portion size, according to the Spanish food composition
tables [39].

Adherence to the Mediterranean Diet was evaluated using the a
priori 9-item Mediterranean Diet Score proposed by Trichopoulou
et al. [40]. Additionally, adherence to the Spanish food pyramid was
assessed according to the Spanish Society of Community Nutrition
(“Sociedad Espa~nola de Nutrici�on Comunitaria”, SENC) food pyra-
mid score [41] to examine the consistency of Nutri-Score with na-
tional dietary guidelines. The frequency of consumption (servings/
day) of ultra-processed food, as defined by the NOVA food classi-
fication system [42], was also assessed.

2.3. FSAm-NPD DI computation

The FSAm-NPS score is a modified version of the original FSA-
NPS, which was developed in the UK by the Office of Communi-
cation (Ofcom) to categorize foods and drinks as ‘healthier’ and ‘less
healthy’ in order to regulate television food advertising to children
[10,11]. The FSAm-NPS score included adaptations in the estab-
lished cut-offs to allow for more than two categories reflecting
nutritional quality. Additional modifications included the scoring
criteria for cheese, added fats and beverages, according to recom-
mendations from the French National Nutrition and Health Pro-
gram and the French High Council for Public Health [43,44].

The FSAm-NPS score, which punctuates the amount of nutrients
per 100 g of product, was calculated for all foods and beverages in
the SUN FFQ as follows (full details shown in Supplemental File 1
and previous publications [23e30]): 0 to 40 points were allocated
for the content of critical nutrients that should be limited (0e10
points for each: sugars [g], saturated fats [g], sodium [mg], and
energy [kJ]), and 0 to 15 points were allocated for the content of
beneficial nutrients that should be encouraged (0e5 points for
each: fibres [g], proteins [g], and the percentage of fruits, vegeta-
bles, legumes, nuts, rapeseed, walnut and olive oils that compose
the total product [%]). The total score of the product was calculated
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by subtracting the “negative” (nutrients to limit) points from the
“positive” (nutrients to encourage) points. Thus, the final FSAm-
NPS score for each food/beverage was based on a discrete contin-
uous scale that could theoretically range from �15 (most healthy)
to þ40 (least healthy). To obtain a dietary score at the individual
level, the FSAm-NPS Dietary Index (DI) was computed as an energy-
weighted mean of the FSAm-NPS scores of all foods and beverages
consumed by a participant using the following equation:

FSAm�NPS DI¼
Pn

i¼1ðFSiEiÞPn
i¼1Ei

FSi represents the score of food/beverage i, Ei the energy intake
from food/beverage i, and n the total number of food/beverage
consumed. Therefore, higher FSAm-NPS-DI scores reflected lower
nutritional quality in the total foods consumed.

2.4. Mortality assessment

Information on mortality and its cause was identified through
an active follow-up. Three postal addresses, email addresses and
phone numbers were requested for each participant. Up to five
mailings were sent to complete the biennial follow-up question-
naires and, if an answer was not received, participants were con-
tacted by email or phone. In most cases, vital status was ascertained
by reports from next of kin, work associates, or authority postal
service. Additionally, both the National Statistics Institute and the
Spanish National Death Index were checked on a yearly basis,
which allowed us to confirm the deaths and their causes. The
specific cause of death was only unknown for 16 out of 407 deaths
(3.9%).

2.5. Assessment of covariates

An extensive questionnaire was completed by all participants
upon enrollment. This baseline questionnaire collects self-reported
data on participants’ sociodemographics, anthropometrics, per-
sonal and family medical history, and lifestyle habits. Many self-
reported measures have been previously validated: anthropo-
metric data including body mass index (BMI) [45], physical activity
[46], hypertension [47], and depression [48], and have been found
to be sufficiently valid as to be used in epidemiological studies.

Taking advantage of the information on physical activity and
sedentary behaviours collected in the SUN cohort, a 0e8-point
active lifestyle score was calculated according to previously pub-
lished criteria [50]. This score takes into account the volume, in-
tensity and frequency of physical activity, as well as the average
hours spent in sedentary activities like watching television and
sitting per day.

2.6. Statistical analyses

Inverse probability weighting was used to adjust the means or
proportions of baseline characteristics of participants for age and
sex according to FSAm-NPS-DI quartiles.

Associations between FSAm-NPS DI (quartiles and per 2-point
increment) and all-cause mortality, cardiovascular mortality and
cancer mortality were characterized fitting multivariable Cox pro-
portional hazards models with age as the underlying time variable
(birth date as origin). Participants contributed person-years to the
model until their date of death, loss to follow-up, or when the last
follow-up questionnaire was completed, whichever occurred first.
For cause-specific mortality analyses (cancer and cardiovascular
mortality), deaths due to other causes were excluded. Hazard ratios
(HR) and 95% confidence intervals (CI) were estimated for the

second to fourth quartile, considering the first quartile as the
reference.

Cox regression models were adjusted for several potential
confounders defined a priori based on the existing literature [51].
Multivariable models were stratified for age and recruitment
period, and adjusted for other known risk factors: Model 1 was
adjusted for sex, marital status (married), 8-item active lifestyle
score (continuous), smoking status (never, current, former,
missing), between-meal snacking (yes/no), following a special diet
at baseline (yes/no), BMI (linear and quadratic terms), total energy
intake (continuous), and years of university education (contin-
uous); Model 2 was additionally adjusted for pack-years of cigarette
smoking (continuous), family history of cardiovascular disease
(CVD, yes/no), family history of cancer (yes/no), and baseline CVD,
diabetes, hypertension, high blood cholesterol, cancer and
depression (yes/no). When participants’ data on between-meal
snacking or following a special diet were missing, we assigned
them a value of 0 (no). For continuous covariates, missing datawere
imputed using predictor variables like age, sex, years of university
education, BMI and physical activity.

To minimize potential measurement errors and account for
long-term variations in diet, Cox models were also fitted with
repeated measures of diet by using updated data on food intake
after 10 years of follow-up. The last observations were carried
forward to prevent participants being excluded from the analyses
(i.e. dietary intake data collected in the 10-y follow-up FFQ was
used when available [excluding mortality cases that occurred
before] and baseline data was used in the case of participants that
had been followed for longer than 10 years but had not completed
10-y follow-up FFQ).

Linear trend tests were performed by assigning quartile-specific
medians to each category and treating the FSAm-NPS-DI as a
continuous variable. We verified the proportionality of hazards
through examination of the interaction of the FSAm-NPS-DI with
time.

To determine the contribution of different food groups to the
between-person variance in the FSAm-NPS-DI score, a series of
nested least-squares linear regression models were constructed
after stepwise-selection regression analyses. The additional
contribution of a given food group was reflected in the cumulative
R2. The FFQ items included in each food group are shown in
Supplemental Table 2.

To assess consistency of the algorithm underpinning the Nutri-
Score with the Spanish dietary recommendations, Pearson's cor-
relation coefficients were calculated between the FSAm-NPS-DI,
the Mediterranean Diet score and the Spanish food pyramid score.

Nelson-Aalen estimators were plotted to show all-cause mor-
tality rates during follow-up (cumulative hazard curves) according
to baseline FSAm-NPS-DI quartiles. Inverse probability weighting
was used to adjust the Nelson-Aalen curves for the previously
mentioned confounders. For simplification purposes, we merged
the first and second quartiles into one group (i.e. participants with
FSAm-NPS-DI scores below the median) and the third and fourth
quartiles into another group (scores above the median). This
grouping lowers random variability and provides more robust
estimates.

A priori stratified analyses were conducted according to sex
(men/women), age at recruitment (>55/�55 years), baseline BMI
(�25/<25 kg/m2), smoking status (ever/never smoker) and ultra-
processed food intake (�3/<3 serving/day). To assess effect modi-
fication, we calculated the P value for interaction between FSAm-
NPS-DI quartiles and the abovementioned prespecified variables
through likelihood-ratio tests that compared the fully adjusted Cox
regression model and the same model with interaction product-
terms (three degrees of freedom).
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We also reran our analyses under different scenarios: using
different cut-offs for plausible energy intakes (predefined limits
proposed by Willett [<800 or >4000 kcal/d for men and <500 or
>3500 kcal/d for women] [51] and 5th and 95th centiles);
excluding participants with prevalent conditions at baseline (CVD
and/or cancer, hypertension, depression and following a special
diet); excluding deaths from injuries, cancer, and CVD; excluding
early deaths (follow up <2 years); modifying adjustments (addi-
tionally adjusting for a ratio of monounsaturated fatty acids [MUFA]
to saturated fatty acids [SFA] and excluding BMI); and modifying
the FSAm-NPS score for olive oil from “C-yellow” (original score
according to Nutri-Score algorithm) to “A-dark green” (FSAm-NPS
value �11 was assigned to olive oil, which corresponds to the
lowest (i.e. more favourable) score among food items in the SUN
FFQ).

All P values were two-tailed, and statistical significance was set
at the conventional 0.05 level. Analyses were performed using
STATA version 14.0 (StataCorp, College Station, TX).

3. Results

Among 20 503 participants (8016 men and 12 487 women;
38 ± 12 years [mean ± SD age at enrollment]), a total of 407 deaths
during 223 574 persons-years of follow-up (median follow-up
time: 10.9 years) were identified. Among 407 all-cause deaths,
208 deaths were attributed to cancer and 83 to CVD. Themean ± SD
age at death among deceased participants was 66 ± 16 years, and
the main cause of death was cancer (n ¼ 208).

Age-and sex-adjusted baseline characteristics of participants
according to FSAm-NPS-DI quartiles are shown in Table 1.

Participants with a higher FSAm-NPS DI score, reflecting a diet
of lower nutritional quality, were more likely to consume higher
amounts of unhealthy foods and beverages (e.g. processed meat,
fast food, pastries, sugary drinks and alcohol) and lower amounts of
healthy foods (e.g. fruits, vegetables, nuts, legumes, fish and poultry
meat). Consequently, they presented lower adherence to the
Spanish dietary guidelines and to the Mediterranean Diet Score.
They also reported higher total energy intake and lower levels of
physical activity, and were more likely to snack between meals, be
current smokers and have a family history of CVD and cancer
(Table 1).

Associations between the FSAm-NPS DI and all-cause mortality
are shown in Table 2. A higher FSAm-NPS DI score was directly
associated with a higher rate of all-cause and cancer mortality in all
models. The HR for all-cause mortality in the highest versus the
lowest FSAm-NPS DI quartile was 1.82 (95% CI: 1.34e2.47; P-
trend < 0.001) in the fully adjusted model. For cancer mortality, the
fully-adjusted HR in the highest versus the lowest FSAm-NPS DI
quartile was 2.44 (95% CI: 1.54e3.85; P-trend < 0.001). Every 2
additional points in the FSAm-NPS DI score were associated with a
19% relatively higher rate of all-cause mortality and 24% relatively
higher rate of cancer mortality. Consistently, 1-point increment in
the FSAm-NPS DI score was associated with higher rates of all-
cause mortality (multivariable-adjusted [model b] HR, 95%
CI ¼ 1.09, 1.04e1.15) and cancer mortality (multivariable-adjusted
[model b] HR, 95% CI ¼ 1.11, 1.04e1.19). No significant associations
were observed for cardiovascular mortality.

Accordingly, multivariable-adjusted Nelson-Aalen curves (Fig.1)
exhibited a progressively higher cumulative hazard rate of all-cause
mortality across increasing baseline FSAm-NPS DI quartiles.

The main sources of variability in the FSAm-NPS DI score are
shown in Table 3. Pastries and processed meats were the major
contributors to the FSAm-NPS DI score variability among partici-
pants from the SUN cohort. The contribution made by each food
group is reflected in the change in cumulative R2.

The classification of foods according to the nutrient profiling
system underlying the Nutri-Score was consistent with Mediter-
ranean and national dietary recommendations. The higher the
FSAm-NPS DI score, the lower the adherence to the Spanish dietary
guidelines (Pearson's correlation coefficient [r] ¼ �0.51) and the
Mediterranean Diet Score (r ¼ �0.45). Analyses at the food level
revealed that foods which consumption is recommended on a daily
basis according to Spanish dietary guidelines (cereals, fruits, veg-
etables, dairy, legumes, nuts, olive oil, poultry meat and fish) were
more favorably classified (e.g. 88.1% were classified as A or B) than
foods which consumption should be limited (processed and red
meats, pastries, and added fats) (e.g. 76.9%were classified as D or E).

None of the tests for interaction were significant (P for all>0.1)
and similar results were observed in subgroup analyses (Fig. 2). In
addition, results remained substantially unchanged in the alter-
native scenarios assessed in sensitivity analyses, suggesting that
the direct linear association between FSAm-NPS DI and mortality
was robust. Remarkably, assigning an A score (i.e. the highest
nutritional quality) instead of a C score to olive oil strengthened the
association between FSAm-NPS and all-cause mortality.

4. Discussion

In this prospective cohort study of Spanish middle-aged uni-
versity graduates, a higher FSAm-NPS DI score (i.e. consuming food
products with a lower nutritional quality) was associated with a
higher rate of all-cause and cancer mortality. Every 2 additional
points in the FSAm-NPS DI score were associated with a significant
19% higher rate of all-cause mortality and 24% higher rate of cancer
mortality. There was no association with CVD mortality.

To our knowledge, this study represents the first effort to eval-
uate the association between the potential implementation of the
Nutri-Score and all-cause mortality in the Spanish population, as
assessed using the FSAm-NPS underpinning the Nutri-Score
labelling system. Previous studies investigated prospective associ-
ations between FSAm-NPS DI and chronic diseases in two large
French cohorts, the SU.VI.MAX (SUpplementation en VItamines et
Min�erauxAntioXydants) [26e29] and the NutriNet-Sant�e [24,30],
and in the European Prospective Investigation into Cancer and
Nutrition (EPIC) cohort study [25]. Less-healthy food choices, as
reflected by a higher FSAm-NPS DI, were associated with a higher
risk of developing cancer [24e26], metabolic syndrome [27],
overweight and obesity [28], and cardiovascular disease [29,30].

Similar results were observed in a UK population-based cohort,
the Whitehall II study, using the original FSA-NPS (UK Ofcom
nutrient profile model) as indicator of the nutritional quality of the
diet [31]. Likewise, another study of UK adults from the EPIC-
Norfolk cohort found no associations between consumption of
less-healthy food, defined using the FSA-NPS, and incident car-
diovascular disease or cardiovascular mortality, but did found an
association between the quantity of less-healthy food consumed
and all-cause mortality [32]. Our study found a particularly strong
association for cancer mortality across successive quartiles of the
FSAm-NPS DI score. The FSAm-NPS score relies on nutritional
components that are known to be involved in both cancer and
cardiometabolic disease development, such as CVD and diabetes
[52], and it is in line with the World Cancer Research Fund's rec-
ommendations related to diet [53]. Furthermore, the FSAm-NPS
also takes into account the energy content of food products, so a
higher FASm-NPS DI score implies a higher consumption of foods
with a higher energy density andmay contribute to overweight and
obesity, which is an established preventable risk factor for many
types of cancer [54]. The fact that no associationwas found for CVD
mortality could be due to a lack of statistical power, as the number
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Table 1
Age and sex adjustedh baseline characteristics of participants across FSAm-NPS DI quartiles, SUN cohort, 1999e2015. Values are means (±standard deviations) unless stated
otherwise.

Quartiles of the FSAm-NPS DI score

Q1 (n ¼ 5126) Q2 (n ¼ 5126) Q3 (n ¼ 5126) Q4 (n ¼ 5125)

FSAm-NPS DI range �4.2 to 3.4 3.5 to 4.8 4.9 to 6.1 6.2 to 16.4
FSAm-NPS DI mean 2.2 (1.1) 4.2 (0.4) 5.5 (0.4) 7.4 (1.1)
Married (N (%)) 2406 (46.8) 2609 (51.1) 2651 (51.8) 2557 (49.9)
Years of university education 5.0 (1.5) 5.0 (1.5) 5.1 (1.5) 5.1 (1.5)
Smoking status (N (%))
Never 2775 (53.9) 2468 (48.3) 2386 (46.6) 2296 (44.8)
Current 835 (16.2) 1084 (21.2) 1224 (23.9) 1339 (26.1)
Former 1491 (29.0) 1513 (29.6) 1474 (29.0) 1443 (28.1)

Body mass index (kg/m2) 23.5 (3.5) 23.6 (3.5) 23.5 (3.6) 23.5 (3.6)
Chronic conditions at baseline (N (%)):
Cancer 175 (3.4) 168 (3.3) 181 (3.5) 164 (3.2)
Diabetes 123 (2.4) 107 (2.1) 76 (1.5) 58 (1.1)
Hypertension 1016 (19.8) 1005 (19.7) 994 (19.4) 1020 (19.9)
Hypercholesterolaemia 967 (18.8) 890 (17.4) 826 (16.1) 803 (15.7)
Cardiovascular disease 98 (1.9) 71 (1.4) 70 (1.4) 86 (1.7)
Depression 610 (11.9) 582 (11.4) 582 (11.4) 605 (11.8)

Family history of CVD (N (%)) 714 (13.9) 725 (14.2) 668 (13.1) 743 (14.5)
Family history of cancer (N (%)) 754 (14.7) 756 (14.8) 802 (15.7) 840 (16.4)
Physical activity (MET hours/week) 27.5 (27.4) 23.6 (21.7) 21.5 (20.7) 20.6 (20.6)
Sedentary activities:
Television viewing (h/day) 1.5 (1.1) 1.6 (1.1) 1.7 (1.2) 1.7 (1.2)
Sitting time (h/day) 5.1 (2.1) 5.2 (2.1) 5.3 (2.0) 5.5 (2.1)

Active lifestyle score (0e8 points)a 4.6 (1.8) 4.3 (1.8) 4.1 (1.8) 3.9 (1.8)
Following special diets (N (%)) 735 (14.3) 407 (8.0) 277 (5.4) 236 (4.6)
Between-meal snacking (N (%)) 1320 (25.7) 1646 (32.2) 1831 (35.8) 2220 (43.3)
Adherence to MedDiet (0e9 points)b 5.3 (1.6) 4.5 (1.7) 4.0 (1.6) 3.3 (1.6)
Adherence to Spanish Dietary Guidelines SENC food pyramid score (0e140 points)c 90.3 (14.6) 82.7 (13.2) 77.6 (12.5) 70.8 (13.1)
Total energy intake (kcal/day) 2296 (744) 2432 (718) 2536 (730) 2737 (863)
Macronutrient intake (% energy):
Carbohydrate 46.8 (7.7) 43.7 (6.9) 42.4 (6.6) 40.7 (7.4)
Protein 19.5 (3.7) 18.5 (2.9) 17.6 (2.7) 16.5 (3.1)
Fat: 32.3 (6.3) 36.0 (5.7) 37.8 (5.6) 40.2 (6.2)
SFAs 10.1 (2.7) 12.1 (2.5) 13.1 (2.6) 14.7 (3.3)
MUFAs 14.0 (3.6) 15.6 (3.6) 16.2 (3.4) 17.0 (3.6)
PUFAs 4.6 (1.4) 5.0 (1.4) 5.4 (1.5) 5.7 (1.7)

Total dietary fibre intake (g/day) 37.7 (17.4) 30.0 (12.4) 26.8 (10.6) 24.2 (10.7)
Alcohol intake (g/day) 4.2 (6.3) 6.1 (8.2) 7.5 (10.4) 9.6 (15.5)
Ultra-processed food intake (servings/day)d 2.2 (1.2) 3.1 (1.4) 3.8 (1.6) 5.3 (2.5)
Food consumption (servings/day):
Vegetables 3.2 (2.2) 2.5 (1.5) 2.1 (1.2) 1.8 (1.1)
Fruits 3.8 (3.1) 2.6 (1.9) 2.1 (1.5) 1.7 (1.4)
Nuts 0.2 (0.4) 0.2 (0.3) 0.1 (0.2) 0.1 (0.2)
Vegetable fat 1.8 (1.4) 2.0 (1.6) 1.9 (1.6) 1.9 (1.8)
Olive oil 1.6 (1.4) 1.7 (1.5) 1.6 (1.4) 1.5 (1.5)
Animal fat 0.1 (0.2) 0.1 (0.3) 0.2 (0.3) 0.2 (0.4)
Legumes 0.5 (0.4) 0.4 (0.3) 0.4 (0.3) 0.3 (0.3)
Whole-grain breade 0.4 (0.8) 0.3 (0.6) 0.2 (0.5) 0.1 (0.4)
Dairy products 1.3 (1.4) 1.7 (1.4) 1.9 (1.4) 2.1 (1.7)
Reduced-fat dairy products 1.8 (1.8) 1.5 (1.5) 1.2 (1.3) 1.1 (1.4)
Fish and shellfish 0.9 (0.7) 0.8 (0.5) 0.7 (0.4) 0.6 (0.4)
Red meat 0.5 (0.3) 0.5 (0.3) 0.6 (0.3) 0.6 (0.3)
Poultry meat 0.4 (0.4) 0.3 (0.2) 0.3 (0.2) 0.3 (0.2)
Processed meat 0.6 (0.5) 0.9 (0.5) 1.0 (0.6) 1.3 (1.0)
Fast foodf 0.1 (0.1) 0.2 (0.2) 0.2 (0.2) 0.3 (0.2)
Miscellaneous foodg 0.5 (0.7) 0.7 (0.8) 0.8 (0.8) 0.9 (1.2)
Pastries 0.5 (0.5) 0.9 (0.7) 1.2 (0.9) 2.0 (1.7)
Sugary drinks 0.2 (0.3) 0.3 (0.4) 0.4 (0.5) 0.5 (0.8)
Fermented alcoholic beverages 0.3 (0.5) 0.4 (0.7) 0.5 (0.9) 0.6 (1.0)

FSAm-NPS DI ¼ Food Standards Agency Nutrient Profiling System (modified version) Dietary Index; CVD ¼ cardiovascular disease; MET ¼ metabolic equivalent of task;
SFAs ¼ saturated fatty acids; MUFAs ¼ monounsaturated fatty acids; PUFAs ¼ polyunsaturated fatty acids.

a Active lifestyle score based on both physical activity and sedentary behaviours [49].
b 9-item Mediterranean Diet Score proposed by Trichopoulou et al. [40].
c Spanish Society of Community Nutrition (“Sociedad Espa~nola de Nutrici�on Comunitaria”, SENC) food pyramid score [41].
d NOVA food classification system [42].
e Information on other whole-grain products was unavailable in the SUN cohort FFQ.
f Hamburgers, sausages, and pizza.
g Croquettes, instant soups, and commercial sauces (ketchup, mayonnaise).
h Adjusted through inverse probability weighting.
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of observed CVD deaths in this young and highly-educated Medi-
terranean cohort was small.

There is currently a global societal debate concerning the need
to introduce a simplified nutritional label on foods as part of a
broader policy approach to improve population diets , which led to
the announcement of the implementation of the Nutri-Score
labelling scheme in November 2018 by Spanish authorities. The
findings of the present study are consistent with those based on
French and other European settings and show a positive association

with mortality. Additionally, this study provides new evidence on
the consistency between the nutrient profiling system underlying
the Nutri-Score and both Mediterranean and Spanish dietary rec-
ommendations, thereby supporting the suitability of the adoption
of Nutri-Score in Europe and specifically in Spain. Importantly,
reclassifying olive oil score from “C-yellow” into “A-dark green”
strengthened the association between Nutri-Score and all-cause
mortality in the Spanish context, which supports the case for
reassessing the way in which olive oil is integrated in the Nutri-
Score computation. Such reconsideration could improve consis-
tency with strong scientific evidence obtained from the PREDIMED
(Prevention with Mediterranean Diet) trial that showed that a
Mediterranean Diet supplemented with extra-virgin olive oil was
associated with a reduced risk of breast cancer, cardiovascular
disease and type 2 diabetes [33e35]. Many other epidemiological

Table 2
Cox proportional hazard ratios (95% confidence intervals) for mortality according to quartiles of the FSAm-NPS DI (Food Standards Agency Nutrient Profiling System (modified
version) Dietary Index).

All-cause mortality Quartiles (Q) of the FSAm-NPS DI score P-trend Per 2-point increment

Q1 Q2 Q3 Q4

N 5126 5126 5126 5125
Person years 53 399 55 446 57 255 57 474
Deaths 104 107 93 103
Age- and sex-adjusted 1.00 (ref) 1.53 (1.16e2.03) 1.56 (1.18e2.08) 2.11 (1.58e2.82) <0.001 1.26 (1.15e1.38)
Multivariable adjusteda 1.00 (ref) 1.41 (1.06e1.88) 1.40 (1.05e1.88) 1.85 (1.37e2.50) <0.001 1.19 (1.08e1.32)
Multivariable adjustedb 1.00 (ref) 1.37 (1.03e1.83) 1.43 (1.06e1.94) 1.82 (1.34e2.47) <0.001 1.19 (1.08e1.32)
Repeated measurements of dieta 1.00 (ref) 1.30 (0.98e1.73) 1.30 (0.97e1.74) 1.73 (1.29e2.34) <0.001 1.18 (1.07e1.31)
Repeated measurements of dietb 1.00 (ref) 1.28 (0.96e1.70) 1.33 (0.99e1.79) 1.71 (1.26e2.31) <0.001 1.18 (1.06e1.31)
Cancer deaths
N 5065 5081 5085 5073
Person-years 52 958 55 073 56 920 57 079
Cancer deaths 43 62 52 51
Age- and sex-adjusted 1.00 (ref) 2.23 (1.50e3.32) 2.18 (1.44e3.32) 2.64 (1.73e4.05) <0.001 1.32 (1.16e1.49)
Multivariable adjusteda 1.00 (ref) 2.11 (1.41e3.16) 1.95 (1.29e2.95) 2.49 (1.59e3.89) <0.001 1.26 (1.11e1.43)
Multivariable adjustedb 1.00 (ref) 2.08 (1.37e3.15) 1.99 (1.30e3.06) 2.44 (1.54e3.85) <0.001 1.24 (1.09e1.41)
Repeated measurements of dieta 1.00 (ref) 1.94 (1.30e2.88) 1.75 (1.16e2.64) 2.32 (1.50e3.58) <0.001 1.25 (1.09e1.44)
Repeated measurements of dietb 1.00 (ref) 1.90 (1.27e2.84) 1.78 (1.16e2.71) 2.26 (1.45e3.52) <0.001 1.24 (1.08e1.43)
Cardiovascular deaths
N 5057 5034 5048 5040
Person-years 52 913 54 715 56 605 56 760
CVD deaths 35 15 15 18
Age- and sex-adjusted 1.00 (ref) 0.69 (0.37e1.29) 0.90 (0.49e1.65) 1.40 (0.76e2.58) 0.457 1.14 (0.90e1.46)
Multivariable adjusteda 1.00 (ref) 0.50 (0.24e1.00) 0.65 (0.35e1.21) 0.98 (0.52e1.84) 0.745 1.09 (0.85e1.39)
Multivariable adjustedb 1.00 (ref) 0.57 (0.27e1.17) 0.78 (0.41e1.49) 1.02 (0.52e1.98) 0.953 1.12 (0.88e1.42)
Repeated measurements of dieta 1.00 (ref) 0.43 (0.21e0.89) 0.64 (0.35e1.18) 0.93 (0.50e1.75) 0.968 1.02 (0.79e1.31)
Repeated measurements of dietb 1.00 (ref) 0.49 (0.23e1.04) 0.76 (0.39e1.45) 0.96 (0.50e1.86) 0.801 1.03 (0.81e1.31)

a Adjusted for age (underlying time variable), sex, marital status (married), 8-item physical activity score (continuous), smoking status (never, current, former), snacking
(dichotomous), special diet at baseline (dichotomous), body mass index (linear and quadratic terms), total energy intake (continuous), and years of university education
(continuous). Stratified by age and recruitment period.

b Additionally adjusted for family history of cardiovascular disease (CVD) and cancer, baseline CVD, diabetes, hypertension, cancer and depression, self-reported hyper-
cholesterolaemia at baseline, and lifelong smoking (pack-years of smoking, continuous).

Fig. 1. Nelson-Aalen estimates of all-cause mortality according to FSAm-NPS DI
(Food Standards Agency Nutrient Profiling System (modified version) Dietary In-
dex) quartiles. Adjusted (using inverse probability weighting) for age, sex, marital
status, 8-item physical activity score, smoking status, pack-years of smoking, snacking,
special diet at baseline, body mass index, years of university education, total energy
intake, family history of CVD, family history of cancer, baseline CVD, diabetes, hyper-
tension, hypercholesterolaemia, cancer and depression, and recruitment period.

Table 3
Main sources of variability in the Food Standards Agency modified Nutrient Profiling
System Dietary Index (FSAm-NPS DI) and Pearson correlation coefficients (R), SUN
cohort, 1999e2015.

Pearson's r R2 Change in R2

Pastries 0.63 0.39
Processed meats 0.55 0.62 0.22
Whole-fat dairy products 0.44 0.70 0.08
Miscellaneous foodsa 0.34 0.77 0.07
Fermented alcoholic beverages 0.19 0.80 0.03
Fruits 0.17 0.82 0.02
Vegetable fats 0.22 0.84 0.02
Sugary drinks 0.27 0.86 0.02
Vegetables 0.16 0.87 0.01
Animal fats 0.24 0.88 0.01

a Croquettes, instant soups, and commercial sauces (ketchup, mayonnaise).

C. G�omez-Donoso et al. / Clinical Nutrition xxx (xxxx) xxx6

Please cite this article as: G�omez-Donoso C et al., Association between the nutrient profile system underpinning the Nutri-Score front-of-pack
nutrition label and mortality in the SUN project: A prospective cohort study, Clinical Nutrition, https://doi.org/10.1016/j.clnu.2020.07.008



Sensitivity analyses
 Energy limits

5th−95th centiles
Willett’s (kcal/day)

<500 / >3500 for women
<800 / >4000 for men

Exclusion of prevalent conditions
CVD and/or cancer
Hypertension
Depression
Following a special diet

Exclusion of deaths from
Injuries
Cancer
CVD

Exclusion of early deaths
Follow−up <2 years

Other adjustments
Not adjusted for BMI (kg/m2)
Adjusted for ratio of MUFA:SFA

Score modification for olive oil (from C to A)

1.95 (1.40 to 2.70)
1.70 (1.24 to 2.33)

2.25 (1.57 to 3.24)
1.54 (0.96 to 2.47)
1.70 (1.21 to 2.39)
1.95 (1.41 to 2.71)

1.87 (1.37 to 2.56)
1.63 (1.05 to 2.53)
2.27 (1.59 to 3.26)

1.87 (1.33 to 2.61)

1.76 (1.29 to 2.39)
1.74 (1.27 to 2.37)

1.99 (1.43 to 2.77)

368/18,835
385/18,935

296/19,527
193/16,475
341/18,119
348/18,849

392/20,488
199/20,295
324/20,420

352/20,388

407/20,503
407/20,503

407/20,503

0.6 1 2 3 4

Hazard Ratio (95% CI)

Overall (main result)

Subgroup analyses
Sex

 Men
 Women

Age at recruitment (years)
<55
≥55

Age at death (years)
<60
≥60

Body mass index (kg/m2)
<25
≥25

Smoking status
Current or former
Never

Ultra−processed food intake (servings/day)
<3
≥3

HR (95%CI)

1.82 (1.34 to 2.47)

1.79 (1.27 to 2.53)
1.92 (0.95 to 3.91)

1.85 (1.14 to 3.00)
1.90 (1.30 to 2.78)

1.66 (0.95 to 2.89)
2.04 (1.38 to 3.02)

1.74 (1.03 to 2.95)
1.71 (1.14 to 2.54)

1.84 (1.28 to 2.63)
2.43 (1.25 to 4.73)

1.77 (1.05 to 2.98)
2.47 (1.23 to 4.95)

Deaths/N

407/20,503

312/8,016
95/12,487

175/18,382
232/2,121

145/16,210
262/4,293

182/14,398
225/6,105

305/10,628
102/9,875

228/9,138
179/11,365

p_interaction

0.245

0.562

0.092

0.343

0.390

0.100

Fig. 2. Subgroup and sensitivity analyses for association between FSAm-NPS DI (Food Standards Agency Nutrient Profiling System (modified version) Dietary Index) and all-
cause mortality (multivariable-adjustedb HR and 95% CI for the highest vs. lowest quartile). See Table 2 footnoteb for adjustment factors.
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and experimental studies have also thoroughly supported the
beneficial health effects of olive oil, which are not comparable to
the effects of any other added fat [55]. Therefore, and considering
that Nutri-Score aims to facilitate comparison of foods within the
same category, it seems that olive oil should score higher than any
other oil [56]. This could be achieved by introducing a modification
to the Nutri-Score algorithm (FSAm-NPS) that better accounts for
unsaturated fat content and bioactive molecules like polyphenolic
compounds that may contribute to beneficial health properties
[55].

Nutri-Score is among the designs that appear to be most suc-
cessful in improving nutrition literacy, guiding consumer choice
and reducing portion size [57e59]. Nonetheless, there is also evi-
dence suggesting that the Nutri-Score system may require more
public education than other more intuitive symbols such as the
‘high in’ warning labels [60]. On the other hand, there is limited
evidence on the impact of FOP nutrition labelling on food refor-
mulation [61]. This is also among the main purposes of FOP nutri-
tion labelling and warrants further attention, given that a focus on
nutritional reformulation of critical nutrients may not necessarily
be effective [62]. In this sense, it is noteworthy that the association
between a higher FSAm-NPS DI score and all-cause mortality was
particularly strong among participants with a high intake of ultra-
processed foods (�3 servings/day). In addition, in a previous study
from the SUN cohort, we found that a high consumption of ultra-
processed foods was independently associated with a 62% rela-
tively increased hazard for all-cause mortality [63]. These findings
suggest that educational campaigns and broader food system pol-
icies should be implemented on top of the Nutri-Score to primarily
encourage the consumption of whole, unprocessed foods [64].

Moreover, there are important policy decisions to be made
regarding the legal framework used for implementation (i.e.
voluntary or mandatory). Evidence to date suggests that the uptake
of voluntary FOP nutrition labelling is slow and insufficient [6]. A
review of the voluntary Health Star Rating system reported that,
after four years, stars were still on less than one third of eligible
products in Australia, with scores skewed towards the upper end of
the five-star scale [65]. European countries currently can only
implement voluntary labelling policies according to INCO (EU
regulation on the provision of food information to consumers). For
this reason, there is an ongoing European Citizen Initiative
named «PRO-NUTRISCORE» to impose a single official labelling
system. This is a crucial point given that previous experiences with
voluntary measures to self-regulate advertising have been of
doubtful effectiveness. In Spain, the PAOS code (self-regulation
code for food advertising aimed at children in order to prevent
obesity and encourage healthy habits) was implemented in 2005,
but evidence showed that compliance was very low in 2008, and
even lower in 2012 [66]. This and other experiences have led some
scholars to characterize corporate self-regulation as a political
strategy to deliberately delay or pre-empt more effective public
health actions [67]. Other than the legal framework, there are other
essential features of regulation that deserve attention and recog-
nition to ensure an effective implementation of FOP nutrition
labelling [68].

Finally, it must be clearly pointed out that Nutri-Score, like any
FOP label, is only one element to consider within a comprehensive
set of nutrition policies. Its implementation should be accompanied
by educational and communication strategies regarding its use,
meaning and limitations. Additionally, it should be complementary
to other public health measures that go beyond the individual level
and aim to create an environment that helps consumers make the
‘healthy choice’ favoring the availability and affordability of healthy,
minimally processed foods. However, this should not divert the
attention of the need to take a critical step towards the

improvement of diet quality by effectively adopting FOP labelling
policies. Complexity arguments, in line with the notion of ‘nothing
can be done until everything is done’, have been identified as one of
the main framings used by food, beverage, alcohol and gambling
industries to undermine effective regulation of those activities that
are harmful to the public's health [69].

Strengths of this study include its prospective and dynamic
design, long follow-up, high retention rate (90% overall), relatively
large sample size, and the use of repeated measures of diet. How-
ever, limitations should also be acknowledged. Firstly, the FFQ was
not specifically designed to collect data about pre-packaged food
products that qualify for a Nutri-Score label, and it only covers a
small sample of the food products available for consumption. Par-
ticipants from the SUN cohort, as university graduates collaborating
with a study focused on lifestyle and health, tend to be more
health-conscious compared to the general population. Conse-
quently, unhealthy dietary behaviours may have been underrep-
resented in this study. On the other hand, although the findings
were based on self-reported data, the fact that participants were
highly motivated university graduates adds validity to the infor-
mation derived from their questionnaires and reduces the potential
misclassification bias. Moreover, inherent to the observational na-
ture of this study, residual confounding cannot be entirely ruled out
even though our models included a large range of potential con-
founding variables. Finally, the number of observed deaths was
relatively small, and we acknowledge that some analyses may be
underpowered, especially in analyses considering only smaller
subgroups of cause-specific mortality.

In conclusion, the results of this Mediterranean prospective
cohort suggest that the consumption of foods with higher FSAm-
NPS scores (reflecting a lower nutritional quality) is associated
with a higher rate of all-cause mortality and, specifically, cancer
mortality. These findings further support the FSAm-NPS as under-
lying nutrient profiling system of the Nutri-Score label in the
Spanish context.
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S1 File. FSAm-NPS score computation at food/beverage and individual level, 

FSAm-NPS DI, and link to the Nutri-Score (Santé Publique France). DI, Dietary 

Index; FSAm-NPS, Nutrient Profiling System of the British Food Standards Agency 
 

Points are allocated according to the nutrient content for 100g of food or beverages. 

The nutritional score for food/beverages relies on ‘negative’ nutrients (N component) 

and can be balanced according to ‘positive’ nutrients (P component).  

 The N component based on the food product’s nutritional composition in terms 

of ‘nutrients to limit’: energy, saturated fats, sugars and sodium. Points are 

assigned (from 1 to 10) for the content in each of the nutrients. Thus, N 

component can range from 0 to 40. 

Points attributed to each of the elements of the negative N component 

Points  Energy (kJ)  Saturated Fat (g)  Total Sugar (g)  Sodium (mg)  

0 ≤335 ≤1 ≤4.5 ≤90 

1 >335 >1 >4.5 >90 

2 >670 >2 >9 >180 

3 >1005 >3 >13.5 >270 

4 >1340 >4 >18 >360 

5 >1675 >5 >22.5 >450 

6 >2010 >6 >27 >540 

7 >2345 >7 >31 >630 

8 >2680 >8 >36 >720 

9 >3015 >9 >40 >810 

10 >3350 >10 >45 >900 

 

 The P component is calculated based on the amount of fibres, proteins, and 

fruits/ vegetables/ legumes/ nuts / rapeseed, walnut and olive oils. For each, 

points from 1 to 5 are assigned. Thus, P component can range from 0 to 15. 

Points attributed to each of the elements of the positive P component 

Points 
Fruits, vegetables, legumes, nuts & 

rapeseed, walnut, olive oils (%) 
Fibre (g) * Protein (g) 

0  ≤40 ≤0.9 ≤1.6 

1  >40 >0.9 >1.6 

2  >60 >1.9 >3.2 

3  - >2.8 >4.8 

4  - >3.7 >6.4 

5  >80 >4.7 >8.0 

*FSA score allocates different thresholds for fibre, depending on the measurement 

method used. We used the AOAC method according to the latest published version of 

the “Nutri-Score” Logo usage regulation (Santé Publique France). 

Calculation of the total nutritional score 

The final score is calculated by subtracting the positive P component from the negative 

N component, according to the following criteria:



Overall score calculation 

• If total N component <11 points, then FSAm-NPS score = N points – P points 

• If total N component ≥11, 

o If points for “Fruits, vegetables, legumes, nuts & rapeseed, walnut, olive 

oils”=5, then FSAm-NPS score = N points – P points 

o If points for “Fruits, vegetables, legumes, nuts & rapeseed, walnut, olive 

oils”<5, then FSAm-NPS score = N points – (points for fibre + points for 

fruits, vegetables, legumes, nuts & rapeseed, walnut, olive oils). In this 

case, the protein content is not taken into account. 

The calculation is performed the same for all food products except cheeses, vegetable 

and animal fats, and drinks.  

 

Score calculation for cheese 

To account for the nutritional references from the French National Programme for 

Nutrition and Health, some adaptations were necessary. They were established in 

compliance with the opinion of the French Agency for Food, Environmental and 

Occupational Health & Safety and the French High Council for Public Health. 

 

For cheese, the score takes in account the protein content, whether the N component 

reaches 11 or not, i.e.: FSAm-NPS score = N points – P points 

 

Score calculation for added fats  

For added fats (vegetable oils, margarines, butter), the criteria for point attribution is 

based on the percentage of saturated fat among total lipids instead of content of 

saturated fat, as shown below: 

 

Points  Saturated Fat/ Total lipids (g)  

0  <10 

1  <16 

2  <22 

3  <28 

4  <34 

5  <40 

6  <46 

7  <52 

8  <58 

9  <64 

10  ≥64 

 

The table for attributing points for added fats substitutes the “saturated fat” column. 

Other columns (energy density, sugar, sodium, fruits, vegetables, pulses, nuts and 

rapeseed, walnut and olive oils, fibre and protein) are the same and are also taken into 

account. 

 

 



Score calculation for beverages 

For drinks, the criteria for point attribution regarding energy, sugar and 

fruits/vegetables/legumes/nuts/rapeseed, walnut, olive oils (%) are the following: 

 

Points Energy (kJ) Sugar (g) 
Fruits, vegetables, legumes, nuts 

& rapeseed, walnut, olive oils (%) 

0 ≤0 ≤0 ≤40 

1 ≤30 ≤1.5  

2 ≤60 ≤3 >40 

3 ≤90 ≤4.5  

4 ≤120 ≤6 >60 

5 ≤150 ≤7.5  

6 ≤180 ≤9  

7 ≤210 ≤10.5  

8 ≤240 ≤12  

9 ≤270 ≤13.5  

10 >270 >13.5 >80 

 

Other columns (saturated fat, sodium, fibre and protein) are the same and are also taken 

into account. 

 

Given the modification of the grid for fruits/vegetables/legumes/nuts/rapeseed, walnut, 

olive oils, the threshold to take into account protein content is set at 10 points: 

• If total N component <11 points, then FSAm-NPS score = N points – P points 

• If total N component ≥11, 

o If points for “Fruits, vegetables, legumes, nuts & rapeseed, walnut, olive 

oils”=10, then FSAm-NPS score = N points – P points 

o If points for “Fruits, vegetables, legumes, nuts & rapeseed, walnut, olive 

oils”<10, then FSAm-NPS score = N points – (points for fibre + points 

for fruits, vegetables, legumes, nuts & rapeseed, walnut, olive oils). In 

this case, the protein content is not taken into account. 

FSAm-NPS score and Attribution of Nutri-Score colours 

Food products score range Beverages score range Class Colour 

Min to -1 Water A Dark green 

0 to 2 Min to 1 B Light green 

3 to 10 2 to 5 C Light orange 

11 to 18 6 to 9 D Orange 

19 to max 10 to max E Dark orange 

 

FSAm-NPS DI calculation at individual level 

The FSAm-NPS DI is calculated as an energy-weighted mean of the FSAm-NPS scores 

of all foods and beverages consumed, using the following equation:  

 

𝐹𝑆𝐴𝑚 − 𝑁𝑃𝑆 𝐷𝐼 =  
∑ (𝐹𝑆𝑖 𝐸𝑖)

𝑛
𝑖=1

∑ 𝐸𝑖
𝑛
𝑖=1

 

FSi: food/beverage ‘i’ score; Ei: energy intake from ‘i’; n: total food/beverages consumed 

 

Higher FSAm-NPS DI therefore reflects a lower overall diet quality. 
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Abstract  

Background 

Food retail environments have an influential role in shaping purchasing behavior and could 

contribute to improving dietary patterns at a population level. However, little is known about the 

level of public support for different types of initiatives to encourage healthy food choices in 

supermarkets, and whether this varies across countries or context. The current study aimed to 

explore the level of support for three potential supermarket initiatives focused on product 

placement across five countries, and factors that may influence this support.  

Methods 

A total of 22,264 adults from Australia, Canada, Mexico, the United Kingdom and the United 

States (US) provided information on support for three supermarket initiatives related to product 

placement (targeting product positioning: ‘checkouts with only healthy products’, ‘fewer end-of-

aisle displays containing unhealthy foods or soft drinks’ or availability: ‘more shelf space for 

fresh and healthier foods’) as part of the online 2018 International Food Policy Study. The 

proportion of respondents that supported each initiative was assessed across countries, and 

multivariable logistic regression analyses were conducted to evaluate the influence of 

sociodemographic factors on support. 

Results 

The initiative that received the highest support was ‘more shelf space for fresh and healthier 

foods’: 72.0% [95% CI 71.3–72.7], whereas ‘checkouts with only healthy products’ received the 

lowest support: 48.6% [95% CI 47.8–49.4]. The level of support differed between countries 

(p<0.001 for all initiatives), with the US generally showing the lowest support and Mexico the 

highest. Noteworthy, there was not much opposition to any of the initiatives, whereas there was a 
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large proportion of neutral responses. Respondents who were older, female, highly educated, and 

those who reported having more nutrition knowledge tended to be more supportive, with several 

differences between countries and initiatives. 

Conclusions 

Most people in the assessed five countries showed a generally high level of support for three 

placement initiatives in supermarkets to encourage healthy food choices. Support varied by type 

of initiative (i.e., product positioning or availability) and was influenced by several factors 

related to country context and sociodemographic characteristics. This evidence could prompt 

retailers and policy makers to take stronger action to promote healthy food choices in stores. 

 

Keywords (3-10): Supermarket; Retail; Food environment; Attitudes; Diet; Food policy 
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Introduction 1 

Unhealthy diets represent one of the leading preventable risk factors for chronic diseases 2 

worldwide [1]. Many food retail environments currently encourage and promote unhealthy food 3 

choices, likely contributing to the increasing epidemic of obesity and diet-related chronic 4 

diseases [2-4]. Globally, large supermarket chains have become dominant players in the food 5 

retail industry, replacing traditional food markets and small specialized stores [5]. Marketing 6 

practices within supermarkets such as product displays, placement and promotions strongly 7 

influence food accessibility, availability, affordability and desirability, which in turn play an 8 

important role in shaping food preferences and purchasing behavior [6-11]. Multiple studies 9 

across a range of countries have shown how supermarket environments currently favor the 10 

promotion of less healthy food despite recommendations that these foods should only be 11 

consumed occasionally and in small amounts [12-19]. Given that supermarkets are the setting for 12 

more than 50% of all food purchased globally [20], and that more than half of consumers’ 13 

grocery store purchasing decisions are unplanned [21,22], in-store environmental initiatives that 14 

promote healthy food choices have significant potential to improve dietary-related behaviors and 15 

lower the risk of disease at the population level [23-25].  16 

 17 

Despite the influence of food environments on purchasing intentions and behaviors, policy 18 

actions to address diet-related chronic diseases have often focused on the individual level [26-19 

28]. The limited implementation of policies to create healthier food environments may be due to 20 

lack of popular support for fiscal and regulatory interventions, which are sometimes deemed 21 

intrusive to individuals' freedom of choice [29-34]. However, there is evidence showing high 22 

public support for nudges [35-38], which apply behavioral science approaches to make small, 23 
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usually unnoticed, environmental changes that steer people in particular directions. Changes to 24 

food retail environments that impact the way choices are presented to consumers (i.e., choice 25 

architecture) are well-recognized examples of nudges that target non-deliberative decisions [39]. 26 

Although most nudges in modern supermarkets currently promote purchasing of less healthy 27 

products [14-19], they could equally promote the purchasing of healthier foods. Systematic 28 

reviews have indeed shown that healthy food retail interventions targeting the in-store 29 

supermarket environment have led to improvements in the healthiness of consumer purchases 30 

[40, 41]. These interventions have mainly focused on changes regarding product placement, such 31 

as altering the position or availability of certain products. Examples include increasing the range 32 

or number of healthy options or avoiding placement of less healthy options in prominent 33 

locations, like checkout lanes, end‐of‐aisle or island bin displays.  34 

 35 

Previous studies in Europe, the United Kingdom (UK) and the United States (US) have 36 

demonstrated widespread customer support for health-promoting supermarket nudges related to 37 

product positioning (e.g., changing the shelf location of sugar-sweetened beverages, placing 38 

most healthy foods in a prominent location, and requiring sweet-free checkouts) [36-38]. 39 

Nevertheless, few studies have examined the public support for product placement supermarket 40 

interventions focused on both positioning and availability across different countries. The level of 41 

public support for particular initiatives is recognized as playing a pivotal role in determining the 42 

extent to which evidence is implemented into policy [42,43]. Moreover, increased understanding 43 

of the level of public support for various initiatives in different contexts and the opportunities to 44 

influence support could guide food retailers’ efforts to shape food choices. Accordingly, this 45 

study aimed to evaluate the level of public support for several product placement supermarket 46 
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initiatives, and the sociodemographic factors associated with support within and between 47 

countries.  48 

 49 

Methods 50 

Study design and participants 51 

This study used data from the 2018 International Food Policy Study (IFPS), an annual, cross-52 

sectional study conducted in Australia, Canada, Mexico, the UK, and the US. The IFPS was 53 

designed to evaluate the impact of public health nutrition interventions on dietary patterns and 54 

policy-relevant behaviors across countries that are introducing novel regulations in the area of 55 

food policy (e.g., food retail interventions, price/taxation, food packaging and labelling, food 56 

marketing and others). A self-administered web-based survey was completed in November-57 

December 2018 by adults aged 18+ in each of the five countries, and collected information on 58 

sociodemographic characteristics, diet and food policy-related attitudes, behaviors and 59 

knowledge. Participants were recruited through the Nielsen Consumer Insights Global Panel and 60 

their partners’ panels (https://www.nielsen.com/us/en/about-us/panels/) using non-probability 61 

sampling methods based on quota requirements for age and sex to facilitate recruitment of a 62 

diverse sample that approximated the corresponding proportions in the general population of 63 

each country. Eligible panelists (i.e., individuals aged 18+ years living within the target 64 

countries) were invited by email to complete the survey. After screening for eligibility and quota 65 

requirements, all potential respondents were provided with information about the study and were 66 

asked to provide consent before participating. A total of 439,821 invitations were sent to 67 

panelists; of which 7.7% accessed the survey link and 6.5% completed the 2018 IFPS survey 68 

(n=28,684). Respondents provided consent before completing the survey and were incentivized 69 

https://www.nielsen.com/us/en/about-us/panels/
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in accordance with their panel’s existing reward structure (e.g., points-based or monetary 70 

rewards, or chances to win prizes). The study was reviewed by and received ethics clearance 71 

through a University of Waterloo Research Ethics Committee (Office of Research Ethics 72 

#30829) prior to data collection. A full description of the study methods, including annual 73 

surveys conducted in each of the five countries, is available elsewhere [44]. 74 

 75 

Measures 76 

Support for supermarket initiatives focused on product placement 77 

The current study analyzed survey questions on respondents support for three supermarket 78 

initiatives pertaining to product placement: 1) Checkouts with only healthy products (e.g., no soft 79 

drinks, chocolate, confectionery) (‘checkouts’), 2) Fewer end-of-aisle displays containing 80 

unhealthy foods or soft drinks (‘end-of-aisle’), and 3) More shelf space for fresh and healthier 81 

foods such as fruits and vegetables (‘shelf space’). These initiatives were classified using the 82 

TIPPME framework (Typology of Interventions in Proximal Physical Micro-Environments) [45], 83 

which was developed to reliably classify and describe nudging interventions based on altering 84 

small aspects of the environment to change health-related behavior at the population level. 85 

Accordingly, the initiatives were classified as product positioning interventions (initiatives 86 

limiting or banning unhealthy food from highly visible places: ‘end-of-aisle’ and ‘checkouts’) or 87 

availability interventions (initiatives increasing the range or number of healthy food: ‘shelf 88 

space’). Those included were selected based on evidence on the effect of nudges on purchasing 89 

behavior (‘end-of-aisle’) [46, 47] and evidence that supermarket retailers can successfully 90 

implement the nudge (‘checkouts’ and ‘shelf space’) [48-51]. 91 

 92 
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To reduce survey length and minimize respondent burden, respondents were shown a randomly 93 

selected subset of two of the three supermarket measures. Policy support was measured by 94 

asking respondents ‘Would you support or oppose the following practices in supermarkets...’ and 95 

completing the question with each of the actions stated above, shown in a randomized order. 96 

Respondents could select either ‘support’, ‘neutral’, ‘oppose’, ‘don’t know’ or ‘refuse to 97 

answer’. These responses were re-categorized into a binary variable for analysis (support/other), 98 

where responses of ‘support’ were categorized as ‘support’, and responses of ‘neutral’ and 99 

‘oppose’ were categorized as ‘other’. Responses of ‘don’t know’ and ‘refuse to answer’ were 100 

excluded (n=560). There were no missing data among respondents.  101 

 102 

Sociodemographic variables 103 

Self-reported sociodemographic variables collected in the survey included age, sex, ethnicity, 104 

education, and body mass index (BMI). For the current study, age was categorized into four age 105 

groups that were also used to facilitate recruitment of a diverse sample: 18-29, 30-44, 45-64, and 106 

65+ years. Ethnicity was categorized as ‘majority’ (if respondents identified as white “only” in 107 

Canada, UK and USA, English speaking in Australia or non-indigenous in Mexico), ‘minority’ 108 

(other valid responses), or ‘not stated’. Education level was categorized as ‘low’ (i.e., secondary 109 

school completion or lower), ‘medium’ (i.e., some post-secondary qualifications), or ‘high’ (i.e., 110 

university degree or higher) according to country-specific criteria related to the highest level of 111 

formal education attained, or ‘not stated’. Further details about country-specific criteria and 112 

question wording can be found at http://foodpolicystudy.com/methods. Self-reported height and 113 

weight data were used to calculate BMI, which was categorized as ‘underweight’ (<18.5 kg/m2), 114 

‘normal weight’ (18.5–24.9 kg/m2), ‘overweight’ (25.0–29.9 kg/m2), ‘obesity’ (≥30.0 kg/m2), or 115 

http://foodpolicystudy.com/methods
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‘missing/not stated’. Self-reported nutrition knowledge was measured by asking ‘How would 116 

you rate your nutrition knowledge?’. Responses of ‘not at all knowledgeable’ and ‘a little 117 

knowledgeable’ were categorized as ‘none/low’, responses of ‘somewhat knowledgeable’ were 118 

categorized as ‘moderate’, and responses of ‘very knowledgeable’ and ‘extremely 119 

knowledgeable’ were categorized as ‘high’. For education, ethnicity, BMI and nutrition 120 

knowledge, responses of ‘don’t know’ and ‘refuse to answer’ were re-categorized as ‘not stated’. 121 

Participants in this category, as well as missing data (except for BMI), were excluded from the 122 

logistic regression analyses (n=376) but included when reporting the proportion of respondents 123 

that support supermarket initiatives and descriptive characteristics of study participants. 124 

 125 

Dietary variables  126 

Respondents’ dietary behavior was assessed through the following self-reported measures: sugar-127 

sweetened beverage (SSB) and fruits and vegetables (FV) consumption.  128 

The Beverage Frequency Questionnaire (BFQ), a 7-day food record that assesses consumption 129 

for 24 types of drinks [52], was used to derive weekly SSB consumption. For each beverage 130 

category, respondents reported the number of drinks they had consumed over the past week and 131 

the usual portion size, using examples of beverages and category-specific images of beverage 132 

containers to prompt recognition. The BFQ was adapted for each country to provide product 133 

examples and typical beverage container sizes commonly sold in each market. Total volume for 134 

each beverage category of interest was calculated by multiplying the number of drinks consumed 135 

in the previous 7 days by the usual serving size selected for that category. Total SSB 136 

consumption included intake of regular soda, sweetened fruit drinks, flavored waters, sports 137 

drinks, energy drinks, flavored milk, specialty coffees like mochas or frappucinos, sweetened 138 
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smoothies, protein shakes and drinkable yogurt. The total SSB consumption variable was 139 

categorized into three groups: ‘none’, ‘low’ (i.e., below the mean) and ‘high’ (i.e., above the 140 

mean) according to the weighted mean of weekly SSB consumption amongst consumers in the 141 

analytical sample (1888 mL).  142 

As part of an assessment of general health status, respondents were asked the number of times 143 

they consumed fruit and vegetables (excluding non-100% fruit-juice and fried potatoes) per day, 144 

week or month during the past 30 days. This information was used to compute a daily FV 145 

consumption variable where, based on global recommendations on healthy diet [53], intake 146 

lower than 3 servings/day was categorized as ‘low’, intake between 3 and less than 5 as 147 

‘moderate’ and intake equal to or higher than 5 as ‘high’. 148 

 149 

Statistical Analyses 150 

Data were weighted with post-stratification sample weights constructed using a raking algorithm 151 

with country-specific population estimates from census data based on age group, sex, region, 152 

ethnicity (except in Canada) and education (except in Mexico). A detailed explanation of survey 153 

weights can be found at http://foodpolicystudy.com/methods (International Food Policy Study: 154 

Technical Report 2018). These sample weights were used throughout the analysis in order to 155 

minimize the influence of differential non-response and selection bias on the representativeness 156 

of findings. 157 

 158 

Descriptive statistics were used to summarize the sociodemographic characteristics of the 159 

sample. The proportion of ‘support’, ‘neutral’ and ‘oppose’ responses regarding the three 160 

supermarket interventions was determined overall (i.e., as a total sample) and by country. The 161 

http://foodpolicystudy.com/methods
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percentage of overall supermarket action support using the binary support variable was also 162 

assessed for each country.  163 

 164 

Multivariable logistic regression models were fitted using binary support for each supermarket 165 

initiative among respondents to explore associations between sociodemographic variables and 166 

support. Explanatory variables introduced in models included sex, age, education, BMI 167 

classification and self-reported nutrition knowledge. These were selected a priori to be included 168 

as covariates in the logistic regression models based on existing literature [32,33]. Dietary 169 

behaviors, including SSB and FV consumption, were assessed as covariates in supplementary 170 

analyses. Adjusted OR (95% CI) of support for each supermarket initiative are presented 171 

adjusted for all other variables. This analysis was completed among the total sample and among 172 

each country individually. Two-way interactions between country and each of the covariates 173 

were assessed by including each interaction in the model and performing a contrast analysis. 174 

 175 

Statistical significance was set at the conventional 0.05 level. Analyses were performed using 176 

Stata version 14.0 (StataCorp, College Station, TX). 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 
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Results 185 

Sample characteristics 186 

A total of 28,684 respondents completed the 2018 IFPS survey. Respondents were excluded for 187 

the following reasons: region was missing, ineligible or had an inadequate sample size (i.e., 188 

respondents from the 3 Canadian territories); invalid response to a data quality question; survey 189 

completion time under 15 minutes; and/or invalid responses to at least three of 16 open-ended 190 

measures (n=5,860). The analytic sample included 22,824 respondents. A sub-sample of 22,264 191 

respondents (Australia: n=4,004; Canada: n=4,288; Mexico: n=4,082; United Kingdom: 192 

n=5,367; United States: n=4,523) were included in the current analysis after excluding those 193 

responding ‘don’t know’ or ‘refuse to answer’ regarding support for supermarket initiatives. 194 

 195 

Weighted sample characteristics for each country are described in Table 1. The weighted mean 196 

age (± SD) among all participants was 46 (± 20) years, and the proportions of male and female 197 

respondents were approximately equal across the five countries. Among the overall sample, the 198 

majority of respondents reported having low education level and some nutrition knowledge, and 199 

were classified as having self-reported BMI between 18.5 and 24.9. As expected, with each 200 

participant randomly asked about their support for only two of the three supermarket initiatives 201 

in an attempt to restrict overall survey length, almost no variation was seen in unweighted 202 

sample characteristics for the subsets of respondents that answered each question (see Additional 203 

file 1).  204 

 205 

 206 
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Table 1. Weighted sociodemographic characteristics of participants in five countries (expressed as n (%), 
unless otherwise stated) from the International Food Policy Study 2018 (n=22,264). 

 
 Overall  

n=22,264 

Australia 

n=4,004 

Canada 

n=4,288 

United Kingdom 

n=5,367  

United States 

n=4,523 

Mexico 

n=4,082 

Sex       

Male 10,909 (48.7) 1,954 (48.8) 2,123 (49.5) 2,614 (48.7) 2,203 (48.7) 1,947 (47.7) 

Female 11,355 (51.3) 2,050 (51.2) 2,165 (50.5) 2,753 (51.3) 2,320 (51.3) 2,135 (52.3) 

Age, mean (SD) 46.0 (20.1) 46.5 (19.6) 48.2 (21.9) 48.1 (20.4) 46.9 (20.3) 39.3 (18.3) 

Age group       

18-29 years old 4,965 (22.3) 877 (21.9) 853 (19.9) 1,041 (19.4) 954 (21.1) 1,233 (30.2) 

30-44 years old 5,878 (26.4) 1,057 (26.4) 1,055 (24.6) 1,310 (24.4) 1,140 (25.2) 1,318 (32.3) 

45-59 years old 5,788 (26.0) 981 (24.5) 1,111 (25.9) 1,406 (26.2) 1,149 (25.4) 1,147 (28.1) 

60+ years old 5,633 (25.3) 1,089 (27.2) 1,269 (29.6) 1,610 (30.0) 1,280 (28.3) 384 (9.4) 

Ethnicity       

Majority 17,611 (79.1) 3,015 (75.3) 3,293 (76.8) 4,728 (88.1) 3,406 (75.3) 3,159 (77.4) 

Minority 4,386 (19.7) 977 (24.4) 858 (20.0) 596 (11.1) 1,094 (24.2) 861 (21.1) 

Not stated 267 (1.2)  12 (0.3) 137 (3.2) 43 (0.8) 23 (0.5) 62 (1.5) 

Education       

Low 9,484 (42.6) 1,666 (41.6) 1,809 (42.2) 2,576 (48.0) 2,632 (58.2) 812 (19.9) 

Medium 4,943 (22.2) 1,297 (32.4) 1,424 (33.2) 1,229 (22.9) 448 (9.9) 535 (13.1) 

High 7,770 (34.9) 1,033 (25.8) 1,038 (24.2) 1,530 (28.5) 1,438 (31.8) 2731 (66.9) 

Not stated 67 (0.3) 8 (0.2) 17 (0.4) 32 (0.6) 5 (0.1) 4 (0.1) 

BMI       

<18.5 668 (3.0) 124 (3.1) 142 (3.3) 161 (3.0) 158 (3.5) 86 (2.1) 

18.5-24.9 7,748 (34.8) 1,441 (36.0) 1,432 (33.4) 1,852 (34.5) 1,375 (30.4) 1,633 (40.0) 

25-30 6,167 (27.7) 1,053 (26.3) 1,226 (28.6) 1,428 (26.6) 1,257 (27.8) 1,208 (29.6) 

≥30 4,609 (20.7) 833 (20.8) 1,029 (24.0) 896 (16.7) 1,226 (27.1) 633 (15.5) 

Missing/not stated 3,072 (13.8) 553 (13.8) 459 (10.7) 1,030 (19.2) 507 (11.2) 522 (12.8) 

Nutrition 

knowledge 

      

None/low 8,416 (37.8) 1,457 (36.4) 1,454 (33.9) 2,581 (48.1) 1,569 (34.7) 1,359 (33.3) 

Moderate 9,462 (42.5) 1,654 (41.3) 1,908 (44.5) 1,911 (35.6) 1,841 (40.7) 2,147 (52.6) 

High 4,275 (19.2) 873 (21.8) 892 (20.8) 848 (15.8) 1,090 (24.1) 567 (13.9) 

Not stated 111 (0.5) 20 (0.5) 34 (0.8) 27 (0.5) 23 (0.5) 9 (0.2) 

 

Support for supermarket initiatives focused on product placement 207 

The proportion of respondents that supported each supermarket initiative by country is shown in 208 

Figure 1, and is reported in more detail in Additional file 2 (i.e., proportion of neutral and 209 

opposition responses also shown). The level of support was relatively high for all initiatives, 210 

ranging between 48.6–72.0% across the total sample. The most supported initiative overall and 211 
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across different countries was ‘more shelf space for fresh and healthier foods’, and the least 212 

supported initiative was ‘checkouts with only healthy products’. Consistent with the support 213 

trend, the initiative with the highest level of opposition overall was ‘checkouts with only healthy 214 

products’ and the initiative with the lowest opposition was ‘more shelf space for fresh and 215 

healthier foods’. However, in general, respondents across the total sample did not show much 216 

opposition to any of the initiatives (2.5–14.2%), and there was a large proportion of neutral 217 

responses to most initiatives (25.5–37.2%). For instance, while the lowest support across all 218 

countries was 48.6% for checkouts with only healthy products, only 14.2% opposed to this 219 

initiative (see Additional file 2).  220 

The level of support differed significantly between countries (p<0.001). Support for all initiatives 221 

was generally lowest in the US and highest in Mexico, although between-country differences 222 

varied across initiatives. In accordance with this trend, the level of opposition was highest in the 223 

US and lowest in Mexico.  224 

Figure 1. Weighted proportion of respondents that support supermarket initiatives related to product 
placement by country. International Food Policy Study 2018 (n=22,264). 
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Sociodemographic characteristics and support for supermarket initiatives 225 

Results of the multivariable logistic regression model fitted to explore associations between 226 

support and sociodemographic variables are shown in Table 2. Overall, respondents who were 227 

older, female, more highly educated and had greater self-reported nutrition knowledge tended to 228 

be more supportive. These findings remained substantially unchanged when a sensitivity analysis 229 

excluding ‘neutral’ responses from the ‘other’ (non-support) category was performed – data 230 

shown in Additional file 3. Respondents with healthier dietary habits (i.e., lower consumption of 231 

SSBs and higher consumption of FV) were also found to be more likely to support the three 232 

initiatives assessed – data shown in Additional file 4. Stratified analyses according to country 233 

showed that these associations differed in several respects (magnitude and statistical 234 

significance) between countries and initiatives – data shown in Additional file 5.  235 

 236 

Statistically significant interactions (p<0.05) were observed between country and both age and 237 

self-reported nutrition knowledge in relation to support for ‘fewer end-of-aisle displays 238 

containing unhealthy foods or soft drinks’ (i.e., associations between these covariates and 239 

support for ‘fewer end-of-aisle displays containing unhealthy foods or soft drinks’ differed 240 

according to country). In the case of support for ‘checkouts with only healthy products’, 241 

significant interactions were observed between country and both age and sex. Finally, concerning 242 

support for ‘more shelf space for fresh and healthier foods’, there was a statistically significant 243 

interaction between country and self-reported nutrition knowledge. 244 
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Table 2. Adjusted OR (95% CI) of characteristics associated with support for supermarket initiatives 
focused on product placement. 

Variable Categories Fewer end-of-aisle displays 

containing unhealthy foods or 

soft drinks 

More shelf space for fresh and 

healthier foods 

Checkouts with only healthy 

products 

Support 

% 
OR* (95% CI) 

Support 

% 
OR* (95% CI) 

Support 

% 
OR* (95% CI) 

Country Australia 

Canada 

UK 

US 

Mexico 

57 

54 

58 

52 

59 

Reference 

0.86 (0.75 to 0.97) 

1.13 (1.00 to 1.28) 

0.80 (0.71 to 0.92) 

1.19 (1.04 to 1.36) 

70 

69 

67 

69 

88 

Reference 

0.92 (0.80 to 1.06) 

0.95 (0.83 to 1.08) 

0.95 (0.82 to 1.09) 

3.58 (2.99 to 4.29) 

49 

44 

49 

40 

62 

Reference 

0.83 (0.73 to 0.94) 
1.10 (0.98 to 1.24) 

0.70 (0.62 to 0.80) 

1.77 (1.54 to 2.03) 

 Canada 

Australia 

UK 

US 

Mexico 

54 

57 

58 

52 

59 

Reference 

1.17 (1.03 to 1.33) 

1.33 (1.17 to 1.50) 

0.94 (0.83 to 1.08) 

1.39 (1.21 to 1.60) 

69 

70 

67 

69 

88 

Reference 

1.09 (0.95 to 1.26) 

1.03 (0.90 to 1.18) 

1.03 (0.89 to 1.20) 

3.91 (3.25 to 4.69) 

44 

49 

49 

40 

62 

Reference 

1.20 (1.06 to 1.37) 

1.33 (1.17 to 1.50) 

0.84 (0.74 to 0.96) 

2.13 (1.85 to 2.46) 

 UK 

Canada 

Australia 

US 

Mexico 

58 

54 

57 

52 

59 

Reference 

0.75 (0.67 to 0.86) 
0.88 (0.78 to 1.00) 

0.71 (0.63 to 0.80) 

1.05 (0.92 to 1.20) 

67 

69 

70 

69 

88 

Reference 

0.97 (0.84 to 1.11) 

1.06 (0.92 to 1.21) 

1.00 (0.87 to 1.15) 

3.78 (3.18 to 4.50) 

49 

44 

49 

40 

62 

Reference 

0.75 (0.67 to 0.85) 
0.91 (0.81 to 1.02) 

0.64 (0.56 to 0.72) 

1.61 (1.41 to 1.83) 

 US 

Canada 

Australia 

UK 

Mexico 

52 

54 

57 

58 

59 

Reference 

1.06 (0.93 to 1.21) 

1.24 (1.09 to 1.41) 

1.41 (1.24 to 1.59) 

1.47 (1.29 to 1.69) 

69 

69 

70 

67 

88 

Reference 

0.97 (0.84 to 1.12) 

1.06 (0.92 to 1.22) 

1.00 (0.87 to 1.15) 

3.78 (3.17 to 4.51) 

40 

44 

49 

49 

62 

Reference 

1.18 (1.04 to 1.35) 

1.43 (1.26 to 1.62) 

1.57 (1.39 to 1.78) 

2.53 (2.20 to 2.89) 

 Mexico  

Canada 

Australia 

UK 

US 

59 

54 

57 

58 

52 

Reference 

0.72 (0.63 to 0.83) 

0.84 (0.73 to 0.97) 

0.95 (0.84 to 1.09) 

0.68 (0.59 to 0.78) 

88 

69 

70 

67 

69 

Reference 

0.26 (0.21 to 0.31) 

0.28 (0.23 to 0.33) 

0.26 (0.22 to 0.31) 

0.26 (0.22 to 0.32) 

62 

44 

49 

49 

40 

Reference 

0.47 (0.41 to 0.54) 

0.56 (0.49 to 0.65) 

0.62 (0.55 to 0.71) 

0.40 (0.35 to 0.45) 

Age 18-29 

30-44  

45-59 

60+ 

49 

53 

58 

64 

Reference 

1.12 (0.99 to 1.25) 

1.41 (1.25 to 1.59) 

1.85 (1.64 to 2.10) 

68 

70 

75 

76 

Reference 

1.13 (0.99 to 1.29) 

1.60 (1.38 to 1.84) 

1.87 (1.63 to 2.16) 

44 

51 

51 

48 

Reference 

1.27 (1.13 to 1.43) 

1.31 (1.16 to 1.48) 

1.28 (1.13 to 1.44) 

Sex Male 

Female 

52 

60 

Reference 

1.41 (1.30 to 1.53) 

67 

78 

Reference 

1.74 (1.59 to 1.91) 

46 

52 

Reference 

1.31 (1.21 to 1.42) 

Education Low 

Medium 

High 

53 

58 

58 

Reference 

1.19 (1.07 to 1.32) 

1.19 (1.08 to 1.31) 

69 

71 

78 

Reference 

1.12 (1.00 to 1.26) 

1.25 (1.12 to 1.39) 

45 

50 

53 

Reference 

1.15 (1.04 to 1.28) 

1.15 (1.04 to 1.26) 

Nutrition 

knowledge 

None/low 

Moderate 

High 

51 

57 

63 

Reference 

1.23 (1.12 to 1.35) 

1.68 (1.50 to 1.88) 

67 

74 

81 

Reference 

1.26 (1.14 to 1.39) 

2.12 (1.84 to 2.43) 

44 

49 

59 

Reference 

1.17 (1.07 to 1.28) 

1.92 (1.71 to 2.15) 

BMI <18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

57 

51 

58 

60 

45 

Reference 

0.85 (0.66 to 1.10) 

1.01 (0.91 to 1.12) 

1.14 (1.01 to 1.27) 

0.64 (0.56 to 0.73) 

75 

73 

74 

72 

62 

Reference 

0.98 (0.72 to 1.34) 

0.96 (0.85 to 1.08) 

0.90 (0.79 to 1.03) 

0.60 (0.52 to 0.70) 

50 

45 

50 

50 

43 

Reference 

0.88 (0.68 to 1.14) 

1.04 (0.94 to 1.15) 

1.09 (0.97 to 1.22) 

0.78 (0.68 to 0.89) 

*Adjusted for all other variables listed. 

Estimates of support (%) across categories are weighted. 

In bold: Statistically significant associations (p<0.05). 
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Discussion 245 

This study assessed the level and determinants of public support for product placement 246 

interventions to encourage healthy food choices in supermarkets, with a focus on differences 247 

between and within countries. Most respondents in five countries supported the initiatives 248 

presented to them, although the level of support differed according to country and type of 249 

initiative (i.e., product positioning or availability). In line with previous evidence, initiatives that 250 

most limited freedom of choice, such as checkouts with only healthy products, generally had 251 

relatively lower support [30-36].  252 

 253 

To our knowledge, this is the first study to explore sociodemographic differences, as well as 254 

differences between diverse countries, in relation to support for different types of product 255 

placement interventions in supermarkets. Sociodemographic characteristics of individuals, 256 

including age, sex, education, self-reported nutrition knowledge and dietary habits were found to 257 

be associated with level of support. Both the magnitude and statistical significance of these 258 

associations varied according to country, suggesting that country-level factors play an important 259 

role in public support for the assessed supermarket interventions.  260 

 261 

Differences between initiatives 262 

Public support was lower for more restrictive measures related to product positioning (i.e., 263 

banning or limiting unhealthy foods from dynamic promotional displays). On the other hand, the 264 

most supported initiative overall and across countries targeted availability (i.e., more shelf space 265 

for fresh and healthier foods). The same trend of support was observed among Australian 266 

respondents (n=3,767) in the 2017 IFPS wave (surveys in the other four countries did not include 267 
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the supermarket initiative questions in 2017). In the 2017 survey wave, the highest support was 268 

also reported for more shelf space for fresh and healthier foods, with lower support for imposing 269 

restrictions on placement of unhealthy products at highly visible locations within the store, 270 

including checkouts, end-of-aisle, and island bin displays (data not shown).  271 

 272 

Maintaining a perception of choice has been identified as being core to promoting a sense of 273 

fairness, which, together with perceived effectiveness, are among the main predictors of policy 274 

acceptability [42,43]. Therefore, the observed trends of higher support for initiatives targeting 275 

availability compared to support for product positioning initiatives could be a function of 276 

respondents feeling that the choice-preserving nature of nudges are compromised in product 277 

positioning interventions. Interestingly, a study that tested acceptability towards a similar nudge 278 

involving repositioning of food products (i.e., placing healthy foods at the cash register desk, 279 

while keeping unhealthy products available elsewhere in the shop) found that the majority of 280 

customers reported positive attitudes towards it [54]. This may suggest that framing more 281 

restrictive interventions in terms of both product positioning and availability could increase 282 

support for the least popular initiative in the present study (i.e. ‘checkouts with only healthy 283 

products’), as it was not explicitly specified that unhealthy foods would still be available 284 

elsewhere in the store. The impact of intervention framing on public support warrants further 285 

investigation. 286 

 287 

In agreement with the current findings, it has also been reported that acceptability varies based 288 

on intervention-specific beliefs and the targeted food type, with more support observed for 289 

healthy food-related interventions [32,33]. Existing evidence suggests that, although strategies 290 
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that discourage unhealthy high-calorie choices are actually more effective than strategies that 291 

encourage low-calorie choices, the public tends to perceive interventions that encourage low-292 

calorie choices to be more effective, fairer, and more acceptable than those that discourage high-293 

calorie choices [33]. Therefore, it appears that a nudge is not approved or disapproved as such, it 294 

receives approval if and to the extent that people approve of the direction in which it nudges.  295 

 296 

Differences between countries  297 

Support for all initiatives was generally lowest in the US and highest in Mexico, although 298 

between-country differences varied across initiatives. This pattern of results aligns with findings 299 

from previous studies showing that policy support is influenced by country-level individualist or 300 

collectivist beliefs [30]. In addition, support for healthy food interventions has been found to be 301 

related to the degree to which people attribute obesity to external factors like excessive 302 

availability of unhealthy foods [29,32]. The individualistic perspective that is strongly 303 

institutionalized in Western countries [55], often irrespective of government political orientation 304 

[56], could also play a role in explaining the lower level of support for environmental 305 

interventions in Mexico compared to the US. These societal and attitudinal factors have been 306 

previously identified as having more explanatory power in terms of policy support than 307 

sociodemographic characteristics and political preferences [29].  308 

 309 

Moreover, the culture in which an individual develops will condition the acceptable and 310 

desirable norms of behavior, so the highest support in Mexico may also reflect that Mexicans 311 

have higher levels of acquiescent responses or social desirability (i.e., tendency of survey 312 

respondents to answer questions in a manner that will be viewed favorably by others). Consistent 313 
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with this perspective, previous research has found that acquiescence differs across Latino ethnic 314 

subgroups in the US [57] and that Mexicans generally demonstrate a strong desire to please 315 

others and seek approval [58]. 316 

 317 

Support could also be expected to be more favorable among countries where these kind of 318 

interventions have already been adopted, as it has been shown that policies tend to become more 319 

acceptable after they have been implemented [32]. Interestingly, support for healthy checkouts 320 

was highest in Mexico despite retailers in the UK making significant progress in this area [16]. 321 

This finding may also be related to an increased awareness of the need for action to tackle the 322 

current epidemic of obesity and diabetes in Mexico [59]. Furthermore, while Mexico is 323 

undergoing a radical transformation in its food system and diet away from its indigenous roots, 324 

public markets, street markets and informal retailers continue to be principal actors in urban food 325 

provisioning despite the incursion of corporate retailers [60]. Nevertheless, it is noteworthy that 326 

the Mexico sample had notably higher levels of education than census estimates, so the distortion 327 

of observed estimates due to residual confounding by high education cannot be ruled out.  328 

 329 

Differences within countries  330 

Overall, respondents who were older, female, highly educated, and reported having more 331 

nutrition knowledge tended to be more supportive of the supermarket initiatives. 332 

Several explanations have been proposed for the greater support observed among certain 333 

demographic sub-groups, such as increased health consciousness among women and enhanced 334 

awareness of the burden of disease with age [32]. Similarly, an individual’s awareness and 335 

experience of harm associated with the target behavior also seems to influence support [32]. For 336 



 

 21 

instance, knowledge of harm has been found to increase support for policies designed to restrict 337 

smoking and second-hand smoke. In this study, there was a statistically significant direct 338 

association between nutrition knowledge and support for healthy supermarket-led initiatives. 339 

Exploratory analyses (not shown) suggested that those participants aware of the link between 340 

consumption of sugary drinks/ food high in sugar, and increased risk of chronic health conditions 341 

like obesity and diabetes, were significantly more likely to support all initiatives. Respondents’ 342 

own behavior, health and experience have also been consistently associated with support, being 343 

highest among those whose habits are not discouraged [32]. Although self-reported consumption 344 

of SSB and FV did not substantially alter the results when included as covariates in logistic 345 

regression models, participants with less healthy dietary habits (i.e., high SSB and low FV 346 

consumption) were found to be more likely to reject interventions that aim to discourage these 347 

habits. This finding is consistent with previous evidence showing that self-interest is an 348 

important predictor of individual preferences for interventions [32].  349 

 350 

Additionally, having a higher BMI was marginally associated with support for fewer end-of-aisle 351 

displays containing unhealthy foods or soft drinks but not with support for other initiatives. 352 

However, a significant proportion of participants in each country did not report their BMI or 353 

were coded as missing after deleting extreme numeric values, with this group having the lowest 354 

support for all initiatives. These findings seem to contradict each other given that this set of 355 

participants often have larger body sizes [61]. Evidence regarding BMI and support for health 356 

promoting policies has also been inconsistent, with one previous study finding that those with a 357 

higher BMI were more likely to support menu labelling policies [62], and another that those with 358 

a higher BMI had less positive attitudes towards the use of food labels [63].  359 
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 360 

Statistically significant interactions were found between country and several covariates including 361 

age, sex, and self-reported nutrition knowledge, with no common trend across initiatives. This 362 

shows that country-level culture and ideology play an important role on the magnitude and 363 

direction of the association between sociodemographic characteristics and support for 364 

supermarket placement initiatives. Further studies would be required to better understand the 365 

interactions between context and individual-level factors.  366 

 367 

Strengths and limitations 368 

The main strengths of this study include the comparison of multiple countries based on a 369 

relatively large sample size. To our knowledge, this is the most comprehensive multi-country 370 

study exploring support for different initiatives to promote healthy food choices in supermarkets 371 

and considering a range of sociodemographic variables. However, some limitations should be 372 

acknowledged. Firstly, we only assessed support for three initiatives focused on product 373 

placement. Given the broad scope of the IFPS, which assesses many different domains related to 374 

dietary patterns and policy-relevant behaviors, it was only possible to include a very limited 375 

number of questions regarding support for supermarket policies within the retail environment 376 

section of the survey. A broader set of different types of interventions (e.g., based on education, 377 

price, food labelling, etc.) should be explored in future studies in order to better understand 378 

which types of retailer interventions are likely to attract more support. Also, this study did not 379 

assess whether support varied depending on whether the intervention is led by supermarkets or 380 

regulated by governments; this area warrants further investigation. Although sampling weights 381 

were applied, the sample cannot be considered to be nationally representative as respondents 382 
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were recruited using non-probability-based sampling. For example, the study sample differed 383 

from the general population across the five countries with a somewhat lower proportion of self-384 

reported overweight and obese individuals compared to national estimates. Moreover, as 385 

mentioned earlier, the Mexican recruitment panel had few available subjects with low education 386 

so the study sample is biased toward participation of more highly educated individuals from 387 

Mexico. All self-reported data are subject to inherent measurement error. Nevertheless, all were 388 

derived from previously published instruments. Lastly, given the snapshot nature of cross-389 

sectional studies, we cannot establish causality for any association. Even though this study 390 

design is appropriate for determining the current level of support for supermarket interventions 391 

among demographic sub-groups and how it varies between countries, comparisons using 392 

repeated measures from future waves of the IFPS study will be insightful to evaluate changes 393 

over time, particularly in light of any country-specific changes in supermarket layouts or 394 

policies. 395 

 396 

Implications 397 

This large, multi-country study represents a unique opportunity to assess the support for different 398 

healthy food retail initiatives in the supermarket setting. Although we were only able to assess a 399 

limited range of initiatives in this survey, the results confirm that the majority of respondents 400 

supported supermarket initiatives focused on product placement and, in particular, greater shelf 401 

space for fruits and vegetables. In most contexts, there could be an opportunity to further 402 

increase support by targeting customers’ nutrition knowledge. This evidence can be used by 403 

governments, public health groups and civil society organizations to advocate for healthier 404 

supermarket food environments, and should also encourage supermarkets to innovate in this 405 
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regard. Local consultation with retailers may be helpful to understand the degree to which these 406 

findings could feasibly influence their marketing practices.  407 

 408 

Conclusions 409 

Although support varied somewhat based on the type of initiative, the cultural context of 410 

countries and individual sociodemographic characteristics, most people in the five included 411 

countries supported supermarket initiatives focused on product placement. This evidence should 412 

be used to support efforts by retailers and policy makers to implement healthy food retail 413 

strategies including healthier checkouts and end-of-aisle displays, as well as increased shelf 414 

space for fruit and vegetables. 415 

 

List of abbreviations 

BMI: Body Mass Index (BMI); FV: Fruits and Vegetables; IFPS: International Food Policy 

Study; UK: United Kingdom; US: United States. 

 

Declarations 

Ethics approval and consent to participate 

The study was reviewed by and received ethics clearance through a University of Waterloo 

Research Ethics Committee (Office of Research Ethics #30829) prior to data collection. A full 

description of the study methods can be found in the International Food Policy Study: Technical 

Report – Wave 2 (2018) at www.foodpolicystudy.com/methods.  

 

http://www.foodpolicystudy.com/methods


 

 25 

 

Consent for publication 

Not applicable. 

 

Availability of data and materials 

The datasets used and/or analyzed during the current study are available from the corresponding 

author on reasonable request. 

 

Competing interests 

The authors declare that they have no competing interests. 

 

Funding 

Funding for this project was provided by a Canadian Institutes of Health Research (CIHR) 

Project Grant, with additional support from an International Health Grant, the Public Health 

Agency of Canada (PHAC), and a CIHR – PHAC Applied Public Health Chair (Hammond). 

Gómez-Donoso was supported by a predoctoral contract for training in health research of the 

Instituto de Salud Carlos III and a mobility grant from the Navarra (Spain) Regional 

Government. The funders had no role in study design, data collection and analysis, decision to 

publish, or preparation of the manuscript.  

 

Authors’ contributions 

DH conceived, designed and executed the International Food Policy Study. DH, CMW and LV 

recruited participants, and collected and managed data. DH, CMW, LV, GS and AJC contributed 



 

 26 

to the survey development. CGD, GS and AJC conceived this study. CGD performed the 

statistical analysis and drafted the manuscript. AJC helped analyze and interpret data. GS, LV, 

DH, CMW, CN, MBR and AJC revised the manuscript critically for intellectual content. All 

authors read and approved the final manuscript. 

 

Acknowledgements 

The authors would like to thank the participants from the 2018 International Food Policy Study, 

as well as the research assistants who were fundamental in surveying and data collection. 

 

Supplementary Information 

 Additional file 1 

 .pdf 

 Supplementary Table 1  

 Characteristics of the overall analytic sample vs. those with missing values (not asked) in 

each supermarket initiative support question. International Food Policy Study 2018 

(n=22,264). Unweighted. 

 

 Additional file 2 

 .pdf 

 Supplementary Table 2 

 Weighted proportion (%) of ‘support’ (S), ‘neutral’ (N) and ‘oppose’ (O) responses to 

supermarket initiatives in the total sample and by country. International Food Policy 

Study 2018 (n=22,264). 



 

 27 

 

 Additional file 3 

 .pdf 

 Supplementary Table 3 

 Adjusted OR* (95% CI) of characteristics associated with support for supermarket 

initiatives focused on product placement – excluding respondents that selected ‘neutral’. 

International Food Policy Study 2018. 

 

 Additional file 4 

 .pdf 

 Supplementary Table 4 

 Adjusted OR* (95% CI) of characteristics associated with support for supermarket 

initiatives focused on product placement – including dietary variables. International Food 

Policy Study 2018. 

 

 Additional file 5 

 .pdf 

 Supplementary Table 5 

 Adjusted OR* (95% CI) of characteristics associated with support for supermarket 

initiatives stratified by countries. International Food Policy Study 2018. 

 

 



 

 28 

References 
1. Global Burden of Disease 2017 Diet Collaborators. Health effects of dietary risks in 195 

countries, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. 

Lancet. 2019;393(10184):1958–1972. 

2. White M, Aguirre E, Finegood D, Holmes C, Sacks G, Smith R. What role should the 

commercial food system play in promoting health through better diet? BMJ. 

2020;368:m545. doi: 10.1136/bmj.m545. 

3. Peeters A. Obesity and the future of food policies that promote healthy diets. Nat Rev 

Endrocrinol. 2018;14:430–437. 

4. Glanz K, Bader MD, Iyer S. Retail grocery store marketing strategies and obesity: An 

integrative review. Am J Prev Med. 2012;42:503-512. 

5. Hawkes C. Dietary Implications of Supermarket Development: A Global Perspective. 

Development Policy Review. 2008;26(6):657–692. 

6. Thornton LE, Cameron AJ, McNaughton SA, Worsley A, Crawford DA. The availability 

of snack food displays that may trigger impulse purchases in Melbourne supermarkets. 

BMC Public Health. 2012;12:1–8. 

7. Nakamura R, Pechey R, Suhrcke M et al. Sales impact of displaying alcoholic and non-

alcoholic beverages in end-of-aisle locations: An observational study. Soc Sci Med. 

2014;108:68-73. 

8. Cameron AJ, Charlton E, Ngan WW, Sacks G. A systematic review of the effectiveness 

of supermarket‐based interventions involving product, promotion, or place on the 

healthiness of consumer purchases. Current Nutrition Reports. 2016;5(3):129–138. 

9. Cohen DA & Lesser LI. Obesity prevention at the point of purchase. Obes Rev. 

2016;17:389-396.  

10. Martin L, Bauld L, Angus K. Rapid evidence review: The impact of promotions on high 

fat, sugar and salt (HFSS) food and drink on consumer purchasing and consumption 

behavior and the effectiveness of retail environment interventions. NHS Health Scotland. 

2017. Access: http://www.healthscotland.scot/media/1611/rapid-evidence-review-

restriction-of-price-promotions.pdf  

11. Coker T, Rumgay H, Whiteside E, Rosenberg G, Vohra J. Paying the price: New 

evidence on the link between price promotions, purchasing of less healthy food and 

drink, and overweight and obesity in Great Britain”. Cancer Research UK. 2019. Access: 

https://www.cancerresearchuk.org/sites/default/files/paying_the_price_-_full_report.pdf 

12. Mulrooney HM, Bell J. Does the food retail environment reflect UK public health 

recommendations for healthy eating? Public Healht. 2016;134:114-116. 

13. Vandevijvere S, Waterlander W, Molloy J et al. Towards healthier supermarkets: a 

national study of in-store food availability, prominence and promotions in New Zealand. 

Eur J Clin Nutr. 2018. 72, 971-978. 

14. Farley TA, Rice J, Bodor JN et al. Measuring the food environment: shelf space of fruits, 

vegetables, and snack foods in stores. J Urban Health. 2009;86:672-682. 

15. Thornton LE, Cameron AJ, McNaughton SA et al. Does the availability of snack foods in 

supermarkets vary internationally? Int J Behav Nutr Phys Act. 2013;10:56. 

16. Ejlerskov KT, Stead M, Adamson A et al. The nature of UK supermarkets' policies on 

checkout food and associations with healthfulness and type of food displayed: cross-

sectional study. Int J Behav Nutr Phys Act. 2018;15:52. 

http://www.healthscotland.scot/media/1611/rapid-evidence-review-restriction-of-price-promotions.pdf
http://www.healthscotland.scot/media/1611/rapid-evidence-review-restriction-of-price-promotions.pdf
https://www.cancerresearchuk.org/sites/default/files/paying_the_price_-_full_report.pdf


 

 29 

17. Horsley JA, Absalom KAR, Akiens EM et al. The proportion of unhealthy foodstuffs 

children are exposed to at the checkout of convenience supermarkets. Public Health 

Nutr.2014;17:2453-2458. 

18. Obesity Health Alliance (2018) Out of place: the extent of unhealthy foods in prime 

locations in supermarkets. http://obesityhealthalliance.org.uk/wp-

content/uploads/2018/11/Appendix-1-report-methodology.pdf. Accessed March 2020. 

19. Schultz S, Cameron AJ, Grigsby-Duffy L, Robinson E, Marshall J, Orellana L, Sacks G. 

Variation in the availability and placement of healthy and less healthy food in Australian 

supermarkets by chain and level of disadvantage. Public Health Nutrition. 2020. 

Manuscript under review. 

20. Roger S. Omnichannel report: finding growth in reinvented retail. Available at: 

https://www. kantarworldpanel.com/global/News/Omnichannelreport- Finding-growth-

in-reinvented-retail. Accessed March 2020. 

21. Dijksterhuis A, Smith PK, Van Baaren RB et al. The unconscious consumer: Effects of 

environment on consumer behavior. J Consum Psychol. 2005;15:193-202. 

22. The Robert Wood Johnson Foundation and The Food Trust.  Harnessing the Power of 

Supermarkets to Help Reverse the Childhood Obesity Epidemic. June 2010. Available 

from: thefoodtrust.org/uploads/ 

media_items/harnessingthepowerofsupermarkets.original.pdf. Accessed March 2020. 

23. Holsten JE. Obesity and the community food environment: a systematic review. Public 

Health Nutr. 2009; 12(3):397–405. 

24. Shaw SC, Ntani G, Baird J, Vogel C.A. A systematic review of the influences of food 

store product placement on dietary-related outcomes. Nutr Rev. 2020;nuaa024. 

25. Sacks G, Looi E, Cameron A, Backholer K, Strugnell C et al. Population-level strategies 

to support healthy weight: an Evidence Check rapid review brokered by the Sax Institute 

(www.saxinstitute.org.au) for Queensland Health, 2019.  

26. Vallgårda S. Childhood obesity policies - mighty concerns, meek reactions. Obesity 

Reviews. 2018;19(3):295–301. 

27. Lang T, Rayner G. Overcoming policy cacophony on obesity: an ecological public health 

framework for policymakers. Obesity Reviews. 2007;8:165–181. 

28. Kelly M, Barker M. Why changing health-related behavior is so difficult. Public Health. 

2016;136:109–116. 

29. Mazzocchi M, Cagnone S, Bech-Larsen T, Niedźwiedzka B, Saba A, Shankar B, et al. 

What is the public appetite for healthy eating policies? Evidence from a cross-European 

survey. Health Econ Policy Law. 2015;10:267–292. 

30. Kwon J, Cameron AJ, Hammond D, et al. A multi-country survey of public support for 

food policies to promote healthy diets: Findings from the International Food Policy 

Study. BMC Public Health. 2019;19:1205. 

31. Kongats K, McGetrick JA, Raine KD, Voyer C, Nykiforuk CIJ. Assessing general public 

and policy influencer support for healthy public policies to promote healthy eating at the 

population level in two Canadian provinces. Public Health Nutr. 2019;22(8):1–11.  

32. Diepeveen S, Ling T, Suhrcke M, Roland M, Marteau TM. Public acceptability of 

government intervention to change health-related behaviors: a systematic review and 

narrative synthesis. BMC Public Health. 2013;13:1–11. 

http://obesityhealthalliance.org.uk/wp-content/uploads/2018/11/Appendix-1-report-methodology.pdf
http://obesityhealthalliance.org.uk/wp-content/uploads/2018/11/Appendix-1-report-methodology.pdf
https://www/


 

 30 

33. Bos C, Lans IV, Van Rijnsoever F, Van Trijp H. Consumer acceptance of population-

level intervention strategies for healthy food choices: the role of perceived effectiveness 

and perceived fairness. Nutrients. 2015;7:7842–7862.  

34. Hagmann D, Siegrist M, Hartmann C. Taxes, labels, or nudges? Public acceptance of 

various interventions designed to reduce sugar intake. Food Policy. 2018;79:156–165. 

35. Thaler RH, Sunstein CR. Nudge: Improving Decisions about Health, Wealth, and 

Happiness. New Haven, CT and London: Yale University Press. 2008.  

36. Petrescu DC, Hollands GJ, Couturier DL, Ng YL, Marteau TM. Public acceptability in 

the UK and USA of nudging to reduce obesity: the example of reducing sugar-sweetened 

beverages consumption. PLoS One. 2016;11:e0155995. 

37. Reisch LA, Sunstein CR, Gwozdz W. Viewpoint: beyond carrots and sticks: Europeans 

support health nudges. Food Policy. 2017;69:1–10.  

38. Sunstein CR, Reisch LA, Kaiser M. Trusting nudges? Lessons from an international 

survey. J Eur Public Policy. 2019;26:1417-1443. 

39. Sunstein CR. People prefer system 2 nudges (kind of). Duke Law Journal. 2016;66:121-

168. 

40. Cameron AJ, Charlton E, Ngan WW, Sacks G. A Systematic Review of the Effectiveness 

of Supermarket‐Based Interventions Involving Product, Promotion, or Place on the 

Healthiness of Consumer Purchases. Curr Nutr Rep. 2016;5(3):129‐38. 

41. Hartmann-Boyce J, Bianchi F, Piernas C, Riches SP, Frie K, Nourse R, et al. Grocery 

store interventions to change food purchasing behaviors: a systematic review of 

randomized controlled trials. Am J Clin Nutr. 2018;107:1004–1016. 

42. Cullerton K, Donnet T, Lee A, Gallegos D. Playing the policy game: a review of the 

barriers to and enablers of nutrition policy change. Publ Health Nutr. 2016;19:2643–2653 

43. Clarke B, Swinburn B, Sacks G. Investigating menu kilojoule labelling policy adoption 

from a political science perspective. Food Policy. 2019;89:101784. 

44. Hammond D, White CM, Rynard VL, Vanderlee L. International Food Policy Study: 

Technical Report— 2018 Survey (Wave 2); University of Waterloo: Waterloo, ON, 

Canada, 2019; Available online: http://foodpolicystudy.com/methods/. Accessed March 

2020. 

45. Hollands GJ, Bignardi G, Johnston M, Kelly MP, Ogilvie D, Petticrew M, et al. The 

TIPPME intervention typology for changing environments to change behavior. Nature 

Human Behavior. 2017;1:0140. 

46. Nakamura R, Pechey R, Suhrcke M, Jebb SA, Marteau TM. Sales impact of displaying 

alcoholic and non-alcoholic beverages in end-of-aisle locations: an observational study. 

Soc Sci Med. 2014;108:68-73. 

47. Hecht AA, Perez CL, Polascek M, Thorndike AN, Franckle RL, Moran AJ. Influence of 

Food and Beverage Companies on Retailer Marketing Strategies and Consumer 

Behavior. Int J Environ Res Public Health. 2020 Oct 10;17(20):7381. 

48. Center for Science in the Public Interest. UK Retailers Rethink Checkout. April 2019. 

Available online: 

https://cspinet.org/sites/default/files/attachment/UK%20Healthy%20Checkout%20FINA

L.pdf  

49. ALDI Australia. Healthy shopping made easy at ALDI. May 2018. Available online: 

https://www.aldiunpacked.com.au/healthy-shopping-made-easy-at-aldi/  

http://foodpolicystudy.com/methods/
https://cspinet.org/sites/default/files/attachment/UK%20Healthy%20Checkout%20FINAL.pdf
https://cspinet.org/sites/default/files/attachment/UK%20Healthy%20Checkout%20FINAL.pdf
https://www.aldiunpacked.com.au/healthy-shopping-made-easy-at-aldi/


 

 31 

50. Woolworths Group. Making healthier eating easier. Available online: 

https://www.woolworthsgroup.com.au/page/community-and-responsibility/group-

responsibility/environment/inspiring-healthy-choices  

51. Hunter College New York City Food Policy Center. Berkeley Reduces Impulse Buying 

with Healthy Checkout Ordinance. October 2020. Available online: 

https://www.nycfoodpolicy.org/food-policy-snapshot-berkeley-healthy-checkout-

ordinance/  

52. Vanderlee L, Reid JL, White CM, Hobin EP, Acton RB, Jones AC, et al. Evaluation of 

the online Beverage Frequency Questionnaire (BFQ). Nutrition Journal. 2018;17:73. 

53. Herforth A, Arimond M, Álvarez-Sánchez C, Coates J, Christianson K, Muehlhoff E. A 

Global Review of Food-Based Dietary Guidelines. Adv Nutr. 2019 Jul 1;10(4):590-605. 

54. Kroese FM, Marchiori DR, de Ridder DT. Nudging healthy food choices: a field 

experiment at the train station. J Public Health (Oxf). 2016;38(2):e133-7.  

55. Ulijaszek SJ, McLennan AK. Framing obesity in UK policy from the Blair years, 1997–

2015: the persistence of individualistic approaches despite overwhelming evidence of 

societal and economic factors, and the need for collective responsibility. Obes Rev. 

2016;17:397–411. 

56. Russell C, Lawrence M, Cullerton K, Baker P. The political construction of public health 

nutrition problems: a framing analysis of parliamentary debates on junk-food marketing 

to children in Australia. Public Health Nutr. 2020:1-12. 

57. Davis RE, Johnson TP, Lee S, Werner C. Why Do Latino Survey Respondents 

Acquiesce? Respondent and Interviewer Characteristics as Determinants of Cultural 

Patterns of Acquiescence Among Latino Survey Respondents. Cross-Cultural Research. 

2019;53(1), 87–115. 

58. Díaz-Guerrero R. Bajo las garras de la cultura. Psicología del Mexicano 2. [Under the 

claws of culture. In Psychology of the Mexican 2]. Trillas Editorial. 2003. 

59. Barquera S, White M. Treating Obesity Seriously in Mexico: Realizing, Much Too Late, 

Action Must Be Immediate. Obesity (Silver Spring). 2018;26(10):1530‐1531.  

60. Denham D, Gladstone F. Making sense of food system transformation in Mexico. 

Geoforum. 2020;115:67–80. 

61. Ramos, E., Lopes, C., Oliveira, A. et al. Unawareness of weight and height - the effect on 

self-reported prevalence of overweight in a population-based study. J Nutr Health Aging 

13, 310–314 (2009). 

62. Bhawra J, Reid JL, White CM, Hammond D, Vanderlee L, Raine K. Are young 

Canadians supportive of proposed nutrition policies and regulations? An overview of 

policy support and the impact of socio-demographic factors on public opinion. Canadian 

Journal of Public Health. 2018;109(4):498–505. 

63. Rodolfo M, Nayga R: Toward an understanding of consumers’ perceptions of food labels. 

Int Food Agribusiness Manag Rev. 1999;2:29–45. 

 

https://www.woolworthsgroup.com.au/page/community-and-responsibility/group-responsibility/environment/inspiring-healthy-choices
https://www.woolworthsgroup.com.au/page/community-and-responsibility/group-responsibility/environment/inspiring-healthy-choices
https://www.nycfoodpolicy.org/food-policy-snapshot-berkeley-healthy-checkout-ordinance/
https://www.nycfoodpolicy.org/food-policy-snapshot-berkeley-healthy-checkout-ordinance/


Supplementary Table 1. Characteristics of the overall analytic sample vs. those with missing values 

(not asked) in each supermarket initiative support question. International Food Policy Study 2018 

(n=22,264). Unweighted. 

 

 Overall  

(n=22,264) 

End-of-aisle 

(n=7,398) 

Shelf space 

(n=7,427) 

Checkouts 

(n=7,439) 

Country     

Australia 4,004 (18.0) 1,340 (19.1) 1,326 (17.9) 1,338 (18.0) 

Canada 4,288 (19.3) 1,416 (18.1) 1,402 (18.9) 1,470 (19.7) 

United Kingdom 5,367 (24.1) 1,753 (23.7) 1,811 (24.4) 1,803 (24.2) 

United States 4,523 (20.3) 1,511 (20.4) 1,519 (20.4) 1,493 (20.1) 

Mexico 4,082 (18.3) 1,378 (18.6) 1,369 (18.4) 1,335 (18.0) 

Sex     

Male 10,938 (49.1) 3,676 (49.7) 3,661 (49.3) 3,601 (48.4) 

Female 11,326 (50.9) 3,722 (50.3) 3,766 (50.7) 3,838 (51.6) 

Age group     

18-29 years old 4,693 (21.1) 1,585 (21.4) 1,548 (20.8) 1,560 (21.0) 

30-44 years old 6,046 (27.2) 2,046 (27.7) 2,017 (27.2) 1,983 (26.7) 

45-59 years old 5,258 (23.6) 1,711 (23.1) 1,825 (24.6) 1,722 (23.1) 

60+ years old 6,267 (28.1) 2,056 (27.8) 2,037 (27.4) 2,174 (29.2) 

Ethnicity     

Majority 18,368 (82.5) 6,089 (82.3) 6,125 (82.5) 6,154 (82.7) 

Minority 3,636 (16.3) 1,220 (16.5) 1,216 (16.4) 1,200 (16.1) 

Not stated 260 (1.2)  89 (1.2) 86 (1.2) 85 (1.2) 

Education     

Low 5,980 (26.8) 1,972 (26.6) 1,995 (26.9) 2,013 (27.1) 

Medium 6,051 (27.2) 2,012 (27.2) 1,993 (26.8) 2,046 (27.5) 

High 10,174 (45.7) 3,400 (46.0) 3,416 (46.0) 3,358 (45.1) 

Not stated 59 (0.3) 14 (0.2) 23 (0.3) 22 (0.3) 

BMI     

<18.5 616 (2.8) 208 (2.8) 219 (3.0) 189 (2.5) 

18.5-24.9 7,921 (35.6) 2,621 (35.4) 2,580 (34.7) 2,720 (36.6) 

25-30 6,411 (28.8) 2,138 (28.9) 2,163 (29.1) 2,110 (28.4) 

≥30 4,550 (20.4) 1,516 (20.5) 1,539 (20.7) 1,495 (20.1) 

Missing/not stated 2,766 (12.4) 915 (12.4) 926 (12.5) 925 (12.4) 

Nutrition knowledge     

None/low 7,960 (35.7) 2,639 (35.7) 2,698 (36.3) 2,623 (35.2) 

Moderate 9,591 (43.1) 3,229 (43.7) 3,142 (42.3) 3,220 (43.3) 

High 4,626 (20.8) 1,500 (20.3) 1,557 (21.0) 1,569 (21.1) 

Not stated 87 (0.4) 30 (0.4) 30 (0.4) 27 (0.4) 

 



Supplementary Table 2. Weighted proportion (%) of ‘support’ (S), ‘neutral’ (N) and ‘oppose’ (O) 

responses to supermarket initiatives in the total sample and by country. International Food Policy 

Study 2018 (n=22,264). 

 

 Overall (n=22,264) 

 Respondents (n=14,866) Not asked (n=7,398) 

 S N O  

Fewer end-of-aisle displays containing unhealthy foods or soft 

drinks 
55.9 36.7 7.4 –  

 Respondents (n=14,825) Not asked (n=7,439) 

Checkouts with only healthy products 48.6 37.2 14.2 – 

 Respondents (n=14,837) Not asked (n=7,427) 

More shelf space for fresh and healthier foods  72.0 25.5 2.5 – 

 Australia (n=4,004) 

 Respondents (n=2,664) Not asked (n=1,340) 

Fewer end-of-aisle displays containing unhealthy foods or soft 

drinks 
56.8 35.8 7.5 – 

 Respondents (n=2,666) Not asked (n=1,338) 

Checkouts with only healthy products 48.5 37.8 13.7 – 

 Respondents (n=2,678) Not asked (n=1,326) 

More shelf space for fresh and healthier foods  69.5 27.9 2.6 – 

 Canada (n=4,288) 

 Respondents (n= 2,872) Not asked (n=1,416) 

Fewer end-of-aisle displays containing unhealthy foods or soft 

drinks 
53.6 39.3 7.1 – 

 Respondents (n= 2,818) Not asked (n=1,470) 

Checkouts with only healthy products 44.3 39.8 15.9 – 

 Respondents (n= 2,886) Not asked (n= 1,402) 

More shelf space for fresh and healthier foods  68.5 29.4 2.1 – 

 United Kingdom (n=5,367) 

 Respondents (n=3,614) Not asked (n=1,753) 

Fewer end-of-aisle displays containing unhealthy foods or soft 

drinks 
58.0 35.4 6.6 – 

 Respondents (n=3,564) Not asked (n=1,803) 

Checkouts with only healthy products 49.3 36.0 14.7 – 

 Respondents (n=3,556) Not asked (n=1,811) 

More shelf space for fresh and healthier foods  67.1 29.8 3.1 – 

 United States (n=4,523) 

 Respondents (n=3,012) Not asked (n=1,511) 

Fewer end-of-aisle displays containing unhealthy foods or soft 

drinks 
51.7 38.7 9.6 – 

 Respondents (n=3,030) Not asked (n=1,493) 

Checkouts with only healthy products 40.1 39.4 20.5 – 

 Respondents (n=3,004) Not asked (n=1,519) 

More shelf space for fresh and healthier foods  68.8 27.7 3.5 – 

 Mexico (n=4,082) 

 Respondents (n=2,704) Not asked (n=1,378) 

Fewer end-of-aisle displays containing unhealthy foods or soft 

drinks 
59.4 34.0 6.6 – 

 Respondents (n=2,747) Not asked (n= 1,335) 

Checkouts with only healthy products 61.5 33.0 5.5 – 

 Respondents (n=2,713) Not asked (n=1,369) 

More shelf space for fresh and healthier foods  88.3 10.7 1.0 – 

 



Supplementary Table 3. Adjusted OR* (95% CI) of characteristics associated with support for 

supermarket initiatives focused on product placement excluding respondents that selected ‘neutral’. 

International Food Policy Study2018. 

 

Variable Categories OR* (95% CI) 

Fewer end-of-aisle 

displays containing 

unhealthy foods  

or soft drinks 

More shelf space 

for fresh and 

healthier foods 

Checkouts with 

only healthy 

products 

Country Australia 

Canada 

UK 

US 

Mexico 

Reference 

0.92 (0.70 to 1.22) 

1.29 (1.00 to 1.67) 

0.72 (0.56 to 0.93) 

1.17 (0.88 to 1.55) 

Reference 

1.21 (0.81 to 1.81) 

0.89 (0.62 to 1.27) 

0.71 (0.49 to 1.03) 

3.48 (2.10 to 5.76) 

Reference 

0.76 (0.62 to 0.93) 

1.01 (0.84 to 1.22) 

0.54 (0.44 to 0.65) 

3.05 (2.33 to 4.00) 

 Canada 

Australia 

UK 

US 

Mexico 

Reference 

1.08 (0.82 to 1.43) 

1.40 (1.06 to 1.85) 

0.78 (0.60 to 1.02) 

1.26 (0.94 to 1.69) 

Reference 

0.83 (0.55 to 1.23) 

0.73 (0.49 to 1.09) 

0.58 (0.39 to 0.88) 

2.87 (1.70 to 4.85) 

Reference 

1.31 (1.08 to 1.60) 

1.33 (1.09 to 1.60) 

0.70 (0.58 to 0.85) 

4.01 (3.06 to 5.26) 

 UK 

Canada 

Australia 

US 

Mexico 

Reference 

0.71 (0.54 to 0.94) 

0.77 (0.60 to 1.00) 

0.56 (0.44 to 0.71) 

0.90 (0.69 to 1.18) 

Reference 

1.37 (0.92 to 2.03) 

1.13 (0.79 to 1.61) 

0.80 (0.55 to 1.16) 

3.92 (2.42 to 6.35) 

Reference 

0.75 (0.62 to 0.91) 

0.99 (0.82 to 1.20) 

0.53 (0.45 to 0.63) 

3.03 (2.33 to 3.92) 

 US 

Canada 

Australia 

UK 

Mexico 

Reference 

1.28 (0.98 to 1.67) 

1.39 (1.08 to 1.78) 

1.79 (1.41 to 2.29) 

1.62 (1.25 to 2.09) 

Reference 

1.72 (1.14 to 2.59) 

1.42 (0.98 to 2.06) 

1.26 (0.86 to 1.82) 

4.93 (3.01 to 8.06) 

Reference 

1.42 (1.17 to 1.72) 

1.87 (1.55 to 2.25) 

1.88 (1.58 to 2.24) 

5.70 (4.41 to 7.36) 

 Mexico  

Canada 

Australia 

UK 

US 

Reference 

0.79 (0.59 to 1.06) 

0.86 (0.65 to 1.14) 

1.11 (0.85 to 1.46) 

0.62 (0.48 to 0.80) 

Reference 

0.35 (0.21 to 0.59) 

0.29 (0.17 to 0.48) 

0.25 (0.16 to 0.41) 

0.20 (0.12 to 0.33) 

Reference 

0.25 (0.19 to 0.33) 

0.33 (0.25 to 0.43) 

0.33 (0.25 to 0.43) 

0.18 (0.14 to 0.23) 

Age 18-29 

30-44  

45-59 

60+ 

Reference 

1.11 (0.88 to 1.40) 

1.35 (1.05 to 1.72) 

1.63 (1.28 to 2.09) 

Reference 

1.09 (0.77 to 1.54) 

1.62 (1.09 to 2.41) 

1.81 (1.21 to 2.71) 

Reference 

1.36 (1.11 to 1.66) 

1.03 (0.85 to 1.26) 

0.88 (0.73 to 1.07) 

Sex Male 

Female 

Reference 

1.81 (1.53 to 2.14) 

Reference 

3.38 (2.57 to 4.44) 

Reference 

1.60 (1.41 to 1.82) 

Education Low 

Medium 

High 

Reference 

1.40 (1.13 to 1.73) 

1.51 (1.26 to 1.81) 

Reference 

0.90 (0.66 to 1.23) 

1.15 (0.86 to 1.54) 

Reference 

1.31 (1.12 to 1.53) 

1.30 (1.13 to 1.50) 

Nutrition 

knowledge 

None/low 

Moderate 

High 

Reference 

1.22 (1.02 to 1.47) 

1.37 (1.08 to 1.73) 

Reference 

1.55 (1.15 to 2.07) 

1.60 (1.11 to 2.30) 

Reference 

1.19 (1.04 to 1.37) 

2.07 (1.72 to 2.48) 

BMI <18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

Reference 

0.58 (0.37 to 0.92) 

0.99 (0.80 to 1.22) 

1.12 (0.88 to 1.42) 

0.59 (0.45 to 0.77) 

Reference 

0.47 (0.24 to 0.92) 

0.83 (0.59 to 1.15) 

0.90 (0.61 to 1.32) 

0.44 (0.30 to 0.64) 

Reference 

1.28 (0.85 to 1.94) 

1.06 (0.90 to 1.24) 

1.06 (0.89 to 1.26) 

0.80 (0.64 to 1.00) 

*Adjusted for all other variables listed. 

Estimates of support (%) across categories are weighted. 

In bold: Statistically significant associations (p<0.05). 



Supplementary Table 4. Adjusted OR* (95% CI) of characteristics associated with support for 

supermarket initiatives focused on product placement – including dietary variables. International 

Food Policy Study 2018. 

 

Variable Categories Fewer end-of-aisle displays 

containing unhealthy foods 

or soft drinks 

More shelf space for fresh 

and healthier foods 

Checkouts with only 

healthy products 

Country US 

Canada 

Australia 

UK 

Mexico 

Reference 

1.03 (0.89 to 1.19) 

1.27 (1.09 to 1.47) 

1.42 (1.23 to 1.64) 

1.43 (1.22 to 1.67) 

Reference 

0.88 (0.74 to 1.05) 

1.02 (0.86 to 1.22) 

0.91 (0.77 to 1.07) 

3.52 (2.84 to 4.35) 

Reference 

1.10 (0.95 to 1.28) 

1.46 (1.26 to 1.69) 

1.59 (1.38 to 1.83) 

2.44 (2.08 to 2.86) 

Age 18-29 

30-44  

45-59 

60+ 

Reference 

1.12 (0.98 to 1.28) 

1.34 (1.16 to 1.55) 

1.66 (1.43 to 1.92) 

Reference 

1.14 (0.97 to 1.34) 

1.47 (1.23 to 1.75) 

1.46 (1.23 to 1.73) 

Reference 

1.27 (1.10 to 1.45) 

1.20 (1.04 to 1.38) 

1.12 (0.97 to 1.30) 

Sex Male 

Female 

Reference 

1.34 (1.22 to 1.47) 

Reference 

1.76 (1.57 to 1.97) 

Reference 

1.29 (1.18 to 1.42) 

Education Low 

Medium 

High 

Reference 

1.12 (0.99 to 1.27) 

1.14 (1.02 to 1.27) 

Reference 

1.09 (0.95 to 1.26) 

1.15 (1.01 to 1.31) 

Reference 

1.13 (1.00 to 1.27) 

1.07 (0.96 to 1.20) 

BMI <18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

Reference 

0.80 (0.61 to 1.06) 

1.01 (0.90 to 1.14) 

1.18 (1.03 to 1.34) 

0.70 (0.59 to 0.84) 

Reference 

0.96 (0.68 to 1.36) 

1.02 (0.88 to 1.17) 

0.97 (0.83 to 1.13) 

0.67 (0.55 to 0.82) 

Reference 

0.93 (0.70 to 1.25) 

1.05 (0.93 to 1.17) 

1.14 (1.00 to 1.29) 

0.95 (0.80 to 1.13) 

Nutrition 

knowledge 

None/low 

Moderate 

High 

Reference 

1.19 (1.07 to 1.32) 

1.52 (1.33 to 1.74) 

Reference 

1.23 (1.08 to 1.39) 

1.85 (1.57 to 2.19) 

Reference 

1.14 (1.03 to 1.27) 

1.69 (1.48 to 1.93) 

SSB weekly 

consumption 

High 

Low 

None 

Reference 

1.20 (1.06 to 1.35) 

1.28 (1.13 to 1.44) 

Reference 

1.04 (0.90 to 1.19) 

1.17 (1.01 to 1.35) 

Reference 

1.09 (0.97 to 1.23)  

1.28 (1.14 to 1.45) 

F&V daily 

consumption 

Low (<3 serv) 

Moderate (3-5) 

High (≥5 serv) 

Reference 

1.10 (0.99 to 1.23) 

1.16 (1.03 to 1.31) 

Reference 

1.52 (1.33 to 1.73) 

1.64 (1.42 to 1.89) 

Reference 

1.16 (1.04 to 1.30) 

1.28 (1.14 to 1.43) 

*Adjusted for all variables listed. 

In bold: Statistically significant associations (p<0.05). 

 



Supplementary Table 5. Adjusted OR* (95% CI) of characteristics associated with support for 

supermarket initiatives stratified by countries. International Food Policy Study 2018. 

 

Country Supermarket initiatives 

Australia 

Fewer end-of-aisle 

displays containing 

unhealthy foods or 

soft drinks 

More shelf space 

for fresh and 

healthier foods 

Checkouts with 

only healthy 

products 

Age 

18-29 

30-44  

45-59 

60+ 

 

Reference 

0.97 (0.73 to 1.28) 

1.87 (1.40 to 2.50) 

2.20 (1.66 to 2.92) 

 

Reference 

1.33 (0.99 to 1.79) 

2.07 (1.52 to 2.83) 

2.11 (1.56 to 2.86) 

 

Reference 

1.06 (0.80 to 1.41) 

1.97 (1.48 to 2.63) 

1.47 (1.12 to 1.93) 

Sex 

Male 

Female 

 

Reference 

1.54 (1.28 to 1.86) 

 

Reference 

1.72 (1.40 to 2.11) 

 

Reference 

1.38 (1.15 to 1.66) 

Education 

Low 

Medium 

High 

 

Reference 

1.17 (0.94 to 1.47) 

1.24 (0.97 to 1.58) 

 

Reference 

1.11 (0.88 to 1.42) 

1.11 (0.85 to 1.44) 

 

Reference 

1.25 (1.01 to 1.55) 

1.20 (0.94 to 1.52) 

Nutrition knowledge 

None/low 

Moderate 

High  

 

Reference 

1.17 (0.95 to 1.45) 

1.65 (1.28 to 2.13) 

 

Reference 

1.20 (0.96 to 1.50) 

2.17 (1.61 to 2.92) 

 

Reference 

1.14 (0.93 to 1.39) 

1.90 (1.49 to 2.43) 

BMI 

<18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

 

Reference 

0.86 (0.49 to 1.51) 

1.02 (0.81 to 1.30) 

1.19 (0.92 to 1.54) 

0.61 (0.45 to 0.82) 

 

Reference 

0.63 (0.34 to 1.19) 

0.94 (0.72 to 1.22) 

1.06 (0.80 to 1.41) 

0.47 (0.34 to 0.64) 

 

Reference 

0.68 (0.38 to 1.22) 

0.90 (0.71 to 1.13) 

0.97 (0.76 to 1.24) 

0.48 (0.36 to 0.66) 

Canada 

Fewer end-of-aisle 

displays containing 

unhealthy foods or 

soft drinks 

More shelf space 

for fresh and 

healthier foods 

Checkouts with 

only healthy 

products 

Age 

18-29 

30-44  

45-59 

60+ 

 

Reference 

1.14 (0.85 to 1.53) 

1.47 (1.09 to 1.97) 

2.12 (1.58 to 2.86) 

 

Reference 

1.28 (0.94 to 1.75) 

1.66 (1.20 to 2.30) 

2.23 (1.60 to 3.09) 

 

Reference 

1.13 (0.84 to 1.53) 

1.27 (0.94 to 1.71) 

1.31 (0.97 to 1.77) 

Sex 

Male 

Female 

 

Reference 

1.38 (1.13 to 1.67) 

 

Reference 

1.86 (1.50 to 2.29) 

 

Reference 

1.32 (1.09 to 1.59) 

Education 

Low 

Medium 

High 

 

Reference 

1.42 (1.13 to 1.78) 

1.43 (1.13 to 1.81) 

 

Reference 

1.19 (0.93 to 1.52) 

1.22 (0.95 to 1.56) 

 

Reference 

1.21 (0.97 to 1.51) 

1.16 (0.91 to 1.47) 

Nutrition knowledge 

None/low 

Moderate 

High  

 

Reference 

1.45 (1.16 to 1.80) 

1.91 (1.49 to 2.46) 

 

Reference 

1.28 (1.01 to 1.62) 

1.96 (1.47 to 2.61) 

 

Reference 

1.12 (0.90 to 1.39) 

1.94 (1.51 to 2.50) 

BMI 

<18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

 

Reference 

0.67 (0.38 to 1.17) 

0.87 (0.68 to 1.10) 

1.24 (0.95 to 1.62) 

0.52 (0.38 to 0.73) 

 

Reference 

1.36 (0.73 to 2.56) 

0.73 (0.56 to 0.96) 

0.74 (0.55 to 0.98) 

0.46 (0.33 to 0.66) 

 

Reference 

0.76 (0.43 to 1.34) 

0.97 (0.77 to 1.24) 

1.19 (0.93 to 1.53) 

0.66 (0.46 to 0.95) 



Country Supermarket initiatives 

UK 

Fewer end-of-aisle 

displays containing 

unhealthy foods or 

soft drinks 

More shelf space 

for fresh and 

healthier foods 

Checkouts with 

only healthy 

products 

Age 

18-29 

30-44  

45-59 

60+ 

 

Reference 

1.44 (1.12 to 1.86) 

1.95 (1.50 to 2.53) 

2.68 (2.08 to 3.45) 

 

Reference 

1.04 (0.80 to 1.36) 

1.77 (1.33 to 2.34) 

1.97 (1.52 to 2.55) 

 

Reference 

1.51 (1.17 to 1.95) 

1.65 (1.27 to 2.14) 

1.77 (1.38 to 2.29) 

Sex 

Male 

Female 

 

Reference 

1.38 (1.16 to 1.63) 

 

Reference 

1.63 (1.37 to 1.95) 

 

Reference 

1.47 (1.25 to 1.73) 

Education 

Low 

Medium 

High 

 

Reference 

1.15 (0.93 to 1.41) 

1.20 (1.00 to 1.45) 

 

Reference 

1.10 (0.89 to 1.38) 

1.26 (1.03 to 1.54) 

 

Reference 

1.15 (0.94 to 1.41) 

1.30 (1.08 to 1.56) 

Nutrition knowledge 

None/low 

Moderate 

High  

 

Reference 

1.11 (0.92 to 1.33) 

1.41 (1.11 to 1.79) 

 

Reference 

1.05 (0.87 to 1.27) 

1.82 (1.37 to 2.40) 

 

Reference 

1.19 (1.00 to 1.42) 

1.89 (1.49 to 2.39) 

BMI 

<18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

 

Reference 

1.00 (0.62 to 1.60) 

0.94 (0.76 to 1.16) 

1.06 (0.82 to 1.37) 

0.73 (0.57 to 0.93) 

 

Reference 

1.02 (0.59 to 1.75) 

1.00 (0.79 to 1.26) 

0.93 (0.71 to 1.21) 

0.73 (0.57 to 0.94) 

 

Reference 

1.06 (0.65 to 1.74) 

1.11 (0.90 to 1.36) 

0.93 (0.73 to 1.19) 

0.79 (0.62 to 1.00) 

US 

Fewer end-of-aisle 

displays containing 

unhealthy foods or 

soft drinks 

More shelf space 

for fresh and 

healthier foods 

Checkouts with 

only healthy 

products 

Age 

18-29 

30-44  

45-59 

60+ 

 

Reference 

0.77 (0.58 to 1.01) 

0.83 (0.62 to 1.10) 

1.09 (0.83 to 1.42) 

 

Reference 

1.02 (0.75 to 1.39) 

1.21 (0.88 to 1.66) 

1.50 (1.11 to 2.02) 

 

Reference 

1.57 (1.20 to 2.05) 

0.95 (0.71 to 1.27) 

0.91 (0.69 to 1.18) 

Sex 

Male 

Female 

 

Reference 

1.69 (1.41 to 2.03) 

 

Reference 

2.08 (1.69 to 2.56) 

 

Reference 

1.52 (1.26 to 1.84) 

Education 

Low 

Medium 

High 

 

Reference 

1.07 (0.87 to 1.33) 

1.24 (1.03 to 1.50) 

 

Reference 

1.15 (0.91 to 1.46) 

1.50 (1.22 to 1.86) 

 

Reference 

1.11 (0.88 to 1.39) 

1.21 (0.99 to 1.46) 

Nutrition knowledge 

None/low 

Moderate 

High  

 

Reference 

1.58 (1.28 to 1.94) 

2.17 (1.69 to 2.77) 

 

Reference 

1.59 (1.27 to 1.99) 

2.86 (2.13 to 3.85) 

 

Reference 

1.29 (1.03 to 1.60) 

2.31 (1.81 to 2.96) 

BMI 

<18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

 

Reference 

0.78 (0.46 to 1.34) 

1.05 (0.84 to 1.33) 

1.07 (0.84 to 1.37) 

0.64 (0.46 to 0.87) 

 

Reference 

0.90 (0.42 to 1.95) 

1.04 (0.80 to 1.35) 

0.87 (0.66 to 1.14) 

0.65 (0.45 to 0.94) 

 

Reference 

1.21 (0.70 to 2.08) 

0.96 (0.76 to 1.22) 

1.10 (0.86 to 1.41) 

0.84 (0.61 to 1.16) 

Mexico 

Fewer end-of-aisle 

displays containing 

unhealthy foods or 

soft drinks 

More shelf space 

for fresh and 

healthier foods 

Checkouts with 

only healthy 

products 



Age 

18-29 

30-44  

45-59 

60+ 

 

Reference 

1.32 (1.08 to 1.64) 

1.32 (1.02 to 1.71) 

1.40 (0.92 to 2.14) 

 

Reference 

1.03 (0.76 to 1.40) 

1.43 (0.95 to 2.15) 

1.37 (0.67 to 2.81) 

 

Reference 

1.12 (0.91 to 1.40) 

1.09 (0.84 to 1.41) 

1.02 (0.67 to 1.54) 

Sex 

Male 

Female 

 

Reference 

1.16 (0.96 to 1.40) 

 

Reference 

1.35 (1.01 to 1.80) 

 

Reference 

0.93 (0.76 to 1.13) 

Education 

Low 

Medium 

High 

 

Reference 

1.19 (0.83 to 1.71) 

1.07 (0.84 to 1.37) 

 

Reference 

0.75 (0.45 to 1.27) 

1.02 (0.70 to 1.49) 

 

Reference 

1.10 (0.77 to 1.58) 

1.06 (0.82 to 1.36) 

Nutrition knowledge 

None/low 

Moderate 

High  

 

Reference 

1.00 (0.81 to 1.24) 

1.32 (0.98 to 1.80) 

 

Reference 

1.34 (0.99 to 1.82) 

1.68 (1.05 to 2.69) 

 

Reference 

1.11 (0.90 to 1.37) 

1.30 (0.94 to 1.79) 

BMI 

<18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

 

Reference 

1.20 (0.58 to 2.46) 

1.14 (0.91 to 1.44) 

1.08 (0.81 to 1.45) 

0.68 (0.50 to 0.93) 

 

Reference 

1.67 (0.64 to 4.37) 

1.21 (0.84 to 1.73) 

1.01 (0.67 to 1.52) 

0.70 (0.45 to 1.07) 

 

Reference 

0.58 (0.31 to 1.06) 

1.19 (0.95 to 1.50) 

1.21 (0.90 to 1.62) 

1.30 (0.94 to 1.81) 

*Adjusted for all variables listed. 

In bold: Statistically significant associations (p<0.05). 
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your convenience, we also reproduce the reviewers’ comments in full and provide a point-by-

point response to their comments.  

 

Thank you again for considering the revised version of our manuscript for publication 

in International Journal of Behavioral Nutrition and Physical Activity, we hope that you will 

find our revisions satisfactory. 

 

Sincerely, 

 

A/Prof Adrian J. Cameron, PhD  

Associate Director, Global Obesity Centre (GLOBE) 

Deakin University 

On behalf of all co-authors. 

 

 
 



Reviewer #1: Thank you for the opportunity to review this manuscript reporting about the 

public support for three health promoting supermarket strategies. The manuscript is well-written 

and relevant and I would therefore recommend publication in IJBNPA after minor revisions. 

 

1. Regarding potential bias in the study; the authors provide very little information about the 

samples used. It is unclear what the response rates were in each country and how representative 

the samples were. Even when using sampling weights it is useful for the reader to know whether 

the participants at least approached representativeness of the general population. Also, were 

only existing panelists included, or were new panelists recruited for this specific survey (and if 

so, how)? Given the numbers that were included in each country, was a power/sample size 

calculation conducted that required approximately 4000 participants per country? At least some 

basic information about the samples should be provided in the methods section. The discussion 

section is rather lengthy, so if the authors are nearing their word limit some space could be 

created by condensing the discussion section. 
 

Authors’ response 

Thank you for the comments.  

 

A total of 439,821 invitations were sent to panelists; of which 7.7% accessed the survey link 

and 6.5% completed the 2018 IFPS survey. More details on participation rates across countries 

can be accessed at http://foodpolicystudy.com/methods/ - International Food Policy Study: 

Technical Report 2018 (reference 44). 

 

Participants were recruited using non-probability sampling methods based on quota 

requirements for age and sex to facilitate recruitment of a diverse sample that approximated the 

corresponding proportions in the general population of each country. However, samples cannot 

be considered nationally representative. As mentioned in the discussion section (page 23), the 

study sample differed from the general population across the five countries in various ways, 

including a somewhat lower proportion of self-reported overweight and obese individuals 

compared to national estimates. 

 

Both existing and new panelists were included in the 2018 survey. The baseline survey was 

conducted in December 2017, and this survey was conducted in November-December 2018. A 

total of 1,383 panelists completed surveys in both waves (6.1% of the 2018 sample). 

Respondents lost to attrition between waves were replaced using the same recruitment 

methodology. This information can be accessed at http://foodpolicystudy.com/methods/ - 

International Food Policy Study: Technical Report 2018 (reference 44). 

 

Sample size calculations were conducted to estimate statistical power. The study assesses 

multiple outcomes, therefore, the original sample size calculation estimated that sample sizes of 

at least 4,000 per country at each wave will provide over 80% power to detect a 3% change 
between countries. 

 
Changes (highlighted in the manuscript) 

We have included information on response rates (page 6, lines 67-69): “A total of 439,821 

invitations were sent to panelists; of which 7.7% accessed the survey link and 6.5% completed 

the 2018 IFPS survey (n=28,684).” 

 

We have also added further details on sampling (page 6, lines 60-63): “Participants were 

recruited through the Nielsen Consumer Insights Global Panel and their partners’ panels 

(https://www.nielsen.com/us/en/about-us/panels/) using non-probability sampling methods 

based on quota requirements for age and sex to facilitate recruitment of a diverse sample that 

approximated the corresponding proportions in the general population of each country.” 

 
 

http://foodpolicystudy.com/methods/
http://foodpolicystudy.com/methods/


2. Regarding the relevance of the study; the authors provide a rationale for why support for 

these three supermarket strategies was assessed, but not why they did so only for these thee 

strategies. There may be many other promising options that have also been shown to be 

effective and are feasible to implement. Please describe the decision making process for ending 

up with these three strategies. 

 

Authors’ response 

The International Food Policy Study (IFPS) assesses several domains including: price/taxation, 

food packaging and labelling, retail food policies, food marketing, nutritional labelling in 

restaurants, nutrition information and education, and food guide/dietary recommendations. 

Therefore, to reduce survey length and minimize respondent burden, we were only able to 

include a very limited number of questions for each domain and these three were chosen as 

most relevant. As noted in page 7, the supermarket strategies assessed in the survey were 

selected based on evidence on the effect of nudges on purchasing behavior (‘end-of-aisle’) and 
evidence that supermarket retailers can successfully implement the nudge (‘checkouts’ and 

‘shelf space’). 

 

Changes (highlighted in the manuscript) 

We have further clarified the reasons behind the inclusion of only these three initiatives in the 

manuscript (page 22): “Given the broad scope of the IFPS survey, which assesses many 

different domains related to dietary patterns and policy-relevant behaviors, it was only possible 

to include a very limited number of questions regarding support for supermarket policies within 

the retail environment domain.” 
 

3. Regarding the presentation of the findings: a minor suggestion is to perhaps emphasize in the 

abstract that there were very few people how opposed of the strategies. 

 

Authors’ response 

Thank you for the suggestion. We have modified the abstract accordingly. 

 

Changes (highlighted in the manuscript) 

Results section in the abstract: “Noteworthy, there was not much opposition to any of the 

initiatives, whereas there was a large proportion of neutral responses.” 

Reviewer #2: Dear authors, Although this is a well-written manuscript on an interesting topic, I 

have several questions regarding this study. My main issues are regarding the 

rationale/innovative character of the study and the methodological decisions on how to use the 

variables in the statistical analyses. See below for more detail. 

 

Major issues 
-       Introduction (page 4 & page 5): the authors indicate that there is already international 

evidence showing public support for health-promoting supermarket nudges related to product 

positioning in different countries so it makes me wonder if the current study adds much to the 

existing evidence. For example references 36 and 37 also compare public support for nudges in 

different countries: Petrescu and colleagues (36) investigate this research question in US versus 

UK, and Reisch and colleagues (37) compare different European countries on this. Can the 

authors give a good rationale what their additional value is and what is found in those studies 

(only limited description is given on this) 

Authors’ response 

Previous evidence only looked at support for product positioning nudges in supermarkets 

(changing the shelf location of sugar-sweetened beverages containers [36], placing most healthy 

foods in a prominent location [37], and requiring sweet-free checkouts [37]) among other non-

retail related health nudges. Although we were only able to assess three initiatives, our 



manuscript specifically focuses on supermarket nudges and examines support for initiatives 

related to both positioning (checkout and end of aisle displays) and availability (shelf space) 

across a diverse range of countries around the world (UK, US, Australia, Mexico, Canada). 

Therefore, our findings add insight into the support for different types of supermarket nudges 

(other than product positioning), with the initiative targeting availability (i.e., more shelf space 

for fresh and healthier foods) being the most supported and the one with lowest levels of 

opposition overall. Moreover, results of sociodemographic factors associated with support 

within and between countries provide an increased understanding of the level of public support 

for various supermarket initiatives in different sociocultural contexts. 

 

Changes (highlighted in the manuscript) 

We have specified the positioning nudges that have been previously studied in relation to public 

support (page 5): “Previous studies in Europe, the United Kingdom (UK) and the United States 

(US) have demonstrated widespread customer support for health-promoting supermarket nudges 

related to product positioning (e.g., changing the shelf location of sugar-sweetened beverages, 

placing most healthy foods in a prominent location, and requiring sweet-free checkouts).” 

-       Introduction (page 5, lines 21-29): Is it possible to provide more evidence on the 

effectiveness/success of the selected nudges/product placement strategies investigated in this 

paper as this part is currently rather short and a bit vague. 

Authors’ response 

Unfortunately, there is still limited literature on these topics overall. However, we have added a 

new recent reference in relation to the effect of the selected placement strategies on consumer 

behavior (https://doi.org/10.3390/ijerph17207381). This systematic review on promotion 

practices typically used by manufacturers as retailer marketing strategies highlights that, in 

particular, strategies related to placement have consistently shown an impact on consumer 

behavior. Among these, positioning in premium store locations like end-of-aisle displays and 

checkout lanes were among the most commonly used marketing strategies. Specifically, end-of-

aisle displays tend to have a greater effect on driving sales than those at the front of the store. In 

contrast, there is more evidence for checkouts in terms of implementing nudges as policies that 

promote healthy food retail (https://www.theguardian.com/business/2020/dec/28/unhealthy-

snacks-to-be-banned-from-checkouts-supermarkets-in-england; 

https://www.nycfoodpolicy.org/food-policy-snapshot-berkeley-healthy-checkout-ordinance/). 

The review indicates that the total amount of dedicated shelf space has also been associated with 

increased sales in several studies and, at the same time, there is evidence that supermarkets can 

successfully implement this nudge by increasing shelf space for fruits and vegetables 

(https://www.woolworthsgroup.com.au/page/community-and-responsibility/group-

responsibility/environment/inspiring-healthy-choices).  

 

Changes (highlighted in the manuscript) 

We have provided two new references: 

47. Hecht AA, Perez CL, Polascek M, Thorndike AN, Franckle RL, Moran AJ. Influence of 

Food and Beverage Companies on Retailer Marketing Strategies and Consumer Behavior. Int J 

Environ Res Public Health. 2020 Oct 10;17(20):7381. 

51. Hunter College New York City Food Policy Center. Berkeley Reduces Impulse Buying with 

Healthy Checkout Ordinance. October 2020. Available online: 

https://www.nycfoodpolicy.org/food-policy-snapshot-berkeley-healthy-checkout-ordinance/ 

 

 

 

 

https://doi.org/10.3390/ijerph17207381
https://www.theguardian.com/business/2020/dec/28/unhealthy-snacks-to-be-banned-from-checkouts-supermarkets-in-england
https://www.theguardian.com/business/2020/dec/28/unhealthy-snacks-to-be-banned-from-checkouts-supermarkets-in-england
https://www.nycfoodpolicy.org/food-policy-snapshot-berkeley-healthy-checkout-ordinance/
https://www.woolworthsgroup.com.au/page/community-and-responsibility/group-responsibility/environment/inspiring-healthy-choices
https://www.woolworthsgroup.com.au/page/community-and-responsibility/group-responsibility/environment/inspiring-healthy-choices


-       Method (page 6, lines 31-34): Participants were recruited through the Nielsen consumer 

Insights Global Panel and their partners' panels. It is not clear what is meant by the latter, other 

panels are included too? Can you name them?    

 

Authors’ response 

Nielsen has their own survey panels, but they also “partner” with other survey 

companies/vendors with online survey panels and recruit panelists from those panels to 

complete the survey too so that we can achieve our desired number of completed surveys. This 

is a common practice among online survey panel companies. They do not share the names of the 

other panels for proprietary reasons.  

 

Changes (highlighted in the manuscript) 

We have provided a link in the manuscript for more information about panels 

(https://www.nielsen.com/us/en/about-us/panels/). 
 

-       Method (page 7, line 4-14): were there other questions asked about supermarket initiatives 

(other type of nudges?) that could have been relevant too? The following statement "To reduce 

survey length and minimize respondent burden, respondents were shown a randomly selected 

subset of two of the three supermarket measures." seems to indicate that given that asking two 

or three questions would not make such a big difference? 

 

Authors’ response 

There were no other questions asked about supermarket initiatives/nudges. The International 

Food Policy Study (IFPS) aims to examine different policy-relevant behaviours across countries 

so the survey includes questions on many different topics, which means that space is at a 

premium in this survey. Therefore, respondents were randomly assigned 2 of the 3 questions 

about supermarket initiatives to try to reduce survey length and minimize respondent burden. 

 

-       Method (page 7, line 54-56): I do not agree with how the responses were re-categorized. 

When someone indicates neutral, you cannot include this it in the option non-support. I would 

suggest to re-run the analyses excluding neutral of the binary variable. Also, what was the 

reason to not add more extreme answer categories? Very much supportive, supportive, neutral, 

oppose, very much opposing as this would allow for more nuancing. Is it also possible to 

indicate how many participants answered neutral, don't know or refuse to answer as you 

mention there were no missing data but you did exclude participants based on this question 

item. How many were there per question item (as you had three questions). When checking 

supplementary table 2 it seems that there are only very small proportion of participants that 

were opposed to these initiatives which makes me wonder what the public health relevance is 

for the current analyses? Apparently most participants were in favour or neutral and only a very 

few were opposed so are the found differences according to socio-demographics correct then (as 

being neutral does not mean being against it…) 

Authors’ response 

Thank you for your comments and suggestions.  

 

We were interested in support for the different options. In order to conduct logistic regression 

analyses (which require a dichotomous dependent variable) without compromising statistical 

power, we included all other responses in a different single category. The response options were 

similar to others used in the questionnaire and, although we agree that more options could have 

been included, the overall findings of the analysis would likely have been similar. 

 

We have re-run the analyses excluding neutral responses from the non-support category (see 

table 1) and results remain substantially unchanged. However, we agree that including neutral 

as part of the non-support category is not strictly accurate so we have renamed the categories to 



“support” and “other”. We also agree that it is important to make emphasis on the proportion of 

neutral and opposition responses so we have mentioned more about it in the results section.  

 

We have indicated the number of participants that were excluded (n=560) based on their 

answers (‘don’t know’ or ‘refuse to answer’). Supplementary table 2 shows the percentage of 

respondents that answered support, neutral or oppose for each question.  

 

 

Table 1 

 

 

Adjusted OR* (95% CI) of characteristics associated with support for supermarket initiatives focused on product placement 

excluding respondents that selected ‘neutral’. 

Variable Categories OR* (95% CI) 

Fewer end-of-aisle 

displays containing 

unhealthy foods  

or soft drinks 

More shelf space for 

fresh and healthier 

foods 

Checkouts with only 

healthy products 

Country Australia 

Canada 

UK 

US 

Mexico 

Reference 

0.92 (0.70 to 1.22) 

1.29 (1.00 to 1.67) 

0.72 (0.56 to 0.93) 

1.17 (0.88 to 1.55) 

Reference 

1.21 (0.81 to 1.81) 

0.89 (0.62 to 1.27) 

0.71 (0.49 to 1.03) 

3.48 (2.10 to 5.76) 

Reference 

0.76 (0.62 to 0.93) 

1.01 (0.84 to 1.22) 

0.54 (0.44 to 0.65) 

3.05 (2.33 to 4.00) 

 Canada 

Australia 

UK 

US 

Mexico 

Reference 

1.08 (0.82 to 1.43) 

1.40 (1.06 to 1.85) 

0.78 (0.60 to 1.02) 

1.26 (0.94 to 1.69) 

Reference 

0.83 (0.55 to 1.23) 

0.73 (0.49 to 1.09) 

0.58 (0.39 to 0.88) 

2.87 (1.70 to 4.85) 

Reference 

1.31 (1.08 to 1.60) 

1.33 (1.09 to 1.60) 

0.70 (0.58 to 0.85) 

4.01 (3.06 to 5.26) 

 UK 

Canada 

Australia 

US 

Mexico 

Reference 

0.71 (0.54 to 0.94) 

0.77 (0.60 to 1.00) 

0.56 (0.44 to 0.71) 

0.90 (0.69 to 1.18) 

Reference 

1.37 (0.92 to 2.03) 

1.13 (0.79 to 1.61) 

0.80 (0.55 to 1.16) 

3.92 (2.42 to 6.35) 

Reference 

0.75 (0.62 to 0.91) 

0.99 (0.82 to 1.20) 

0.53 (0.45 to 0.63) 

3.03 (2.33 to 3.92) 

 US 

Canada 

Australia 

UK 

Mexico 

Reference 

1.28 (0.98 to 1.67) 

1.39 (1.08 to 1.78) 

1.79 (1.41 to 2.29) 

1.62 (1.25 to 2.09) 

Reference 

1.72 (1.14 to 2.59) 

1.42 (0.98 to 2.06) 

1.26 (0.86 to 1.82) 

4.93 (3.01 to 8.06) 

Reference 

1.42 (1.17 to 1.72) 

1.87 (1.55 to 2.25) 

1.88 (1.58 to 2.24) 

5.70 (4.41 to 7.36) 

 Mexico  

Canada 

Australia 

UK 

US 

Reference 

0.79 (0.59 to 1.06) 

0.86 (0.65 to 1.14) 

1.11 (0.85 to 1.46) 

0.62 (0.48 to 0.80) 

Reference 

0.35 (0.21 to 0.59) 

0.29 (0.17 to 0.48) 

0.25 (0.16 to 0.41) 

0.20 (0.12 to 0.33) 

Reference 

0.25 (0.19 to 0.33) 

0.33 (0.25 to 0.43) 

0.33 (0.25 to 0.43) 

0.18 (0.14 to 0.23) 

Age 18-29 

30-44  

45-59 

60+ 

Reference 

1.11 (0.88 to 1.40) 

1.35 (1.05 to 1.72) 

1.63 (1.28 to 2.09) 

Reference 

1.09 (0.77 to 1.54) 

1.62 (1.09 to 2.41) 

1.81 (1.21 to 2.71) 

Reference 

1.36 (1.11 to 1.66) 

1.03 (0.85 to 1.26) 

0.88 (0.73 to 1.07) 

Sex Male 

Female 

Reference 

1.81 (1.53 to 2.14) 

Reference 

3.38 (2.57 to 4.44) 

Reference 

1.60 (1.41 to 1.82) 

Education Low 

Medium 

High 

Reference 

1.40 (1.13 to 1.73) 

1.51 (1.26 to 1.81) 

Reference 

0.90 (0.66 to 1.23) 

1.15 (0.86 to 1.54) 

Reference 

1.31 (1.12 to 1.53) 

1.30 (1.13 to 1.50) 

Nutrition knowledge None/low 

Moderate 

High 

Reference 

1.22 (1.02 to 1.47) 

1.37 (1.08 to 1.73) 

Reference 

1.55 (1.15 to 2.07) 

1.60 (1.11 to 2.30) 

Reference 

1.19 (1.04 to 1.37) 

2.07 (1.72 to 2.48) 

BMI <18.5 

18.5-24.9 

25-30 

≥30 

Missing/not stated 

Reference 

0.58 (0.37 to 0.92) 

0.99 (0.80 to 1.22) 

1.12 (0.88 to 1.42) 

0.59 (0.45 to 0.77) 

Reference 

0.47 (0.24 to 0.92) 

0.83 (0.59 to 1.15) 

0.90 (0.61 to 1.32) 

0.44 (0.30 to 0.64) 

Reference 

1.28 (0.85 to 1.94) 

1.06 (0.90 to 1.24) 

1.06 (0.89 to 1.26) 

0.80 (0.64 to 1.00) 

*Adjusted for all other variables listed. 

Estimates of support (%) across categories are weighted. 

In bold: Statistically significant associations (p<0.05). 



Changes (highlighted in the manuscript) 

We have renamed the non-support category (page 8, lines 98-100): “These responses were re-

categorized into a binary variable for analysis (support/other), where responses of ‘support’ 

were categorized as support, and responses of ‘neutral’ and ‘oppose’ were categorized as other.” 

 

We have added further information on neutral and opposition responses (page 14): “Consistent 

with the support trend, the initiative with the highest level of opposition overall was ‘checkouts 

with only healthy products’ and the initiative with the lowest opposition was ‘more shelf space 

for fresh and healthier foods’. However, in general, respondents across the total sample did not 

show much opposition to any of the initiatives (2.5–14.2%), and there was a large proportion of 

neutral responses to most initiatives (25.5–37.2%). Support for all initiatives was generally 

lowest in the US and highest in Mexico, although between-country differences varied across 

initiatives. In accordance with this trend, the level of opposition was highest in the US and 

lowest in Mexico.” 
 

We have also included table 1 as supplementary (see additional file 3). 

-       Method (page 8, line 21): can you elaborate a bit more on how ethnicity is categorised? 

Authors’ response 

For Canada, UK and USA, respondents were coded as majority if they only selected white. If 

they selected white and another category, they were coded as minority. They were coded as 

majority in Australia if they only spoke English at home. For Mexico, respondents were coded 

as majority if not considered as indigenous; coded as minority if considered indigenous. 

 

Changes (highlighted in the manuscript) 

We have added details on ethnicity categories in the manuscript (page 8, line 109-11): 

“Ethnicity was categorized as ‘majority’ (if respondents identified as white “only” in Canada, 

UK and USA, English speaking in Australia or non-indigenous in Mexico) or ‘minority’ (other 

valid responses).” 

 
-       Method (page 8, line 55): can you give more info on the co-variates and numbers of 

participants with missing data and excluded data. (see also page, line 50-52, perhaps provide the 

number of excluded ones there?). 

Authors’ response 

We have provided the number of excluded participants (n=376) for ‘not stated’/missing data in 

the following covariates: education, ethnicity, BMI and nutrition knowledge. 

Changes (highlighted in the manuscript) 

We have provided the requested information in page 9, line 123. 

 

-       Method (page 9, line 14-16): I would expect a bit more explanation regarding the post-

stratification sample weights and how they minimize the influence of differential non-response 

and selection bias on the representativeness of the findings. I checked the linked reference but 

this does not include an explanation on this but merely describes how these are calculated based 

on population socio-demographics of the included countries. 

Authors’ response 

Post-stratification survey weights adjust the sample to account for underrepresented or 

overrepresented population subgroups. Therefore, the weighted sample is more representative in 

terms of age, sex, region, ethnicity (except in Canada) and education (except in Mexico) of the 

respective populations than the unweighted sample.  



-       Method (page 10, line 4-6): SSB and fruit & vegetable consumption are included in the 

analyses but were not earlier described in the measures. How did the authors measure this? 

Authors’ response 

We have added a subsection under the methods section including details on dietary variables. 

Changes (highlighted in the manuscript) 

Pages 9-10: “Respondents’ dietary behavior was assessed through the following self-reported 

measures: sugar-sweetened beverage (SSB) and fruits and vegetables (FV) consumption.  

The Beverage Frequency Questionnaire (BFQ), a 7-day food record that assesses consumption 

for 24 types of drinks [52], was used to derive weekly SSB consumption. For each beverage 

category, respondents reported the number of drinks they had consumed over the past week and 

the usual portion size, using examples of beverages and category-specific images of beverage 

containers to prompt recognition. The BFQ was adapted for each country to provide product 

examples and typical beverage container sizes commonly sold in each market. Total volume for 

each beverage category of interest was calculated by multiplying the number of drinks 

consumed in the previous 7 days by the usual serving size selected for that category. Total SSB 

consumption included intake of regular soda, sweetened fruit drinks, regular flavored waters or 

vitamin waters with calories, sports drinks, energy drinks, flavored milk, specialty coffees like 

mochas or frappucinos, sweetened smoothies, protein shakes or drinkable yogurt. The total SSB 

consumption variable was categorized into three groups: ‘none’, ‘low’ (i.e., below the mean) 

and ‘high’ (i.e., above the mean) according to the weighted mean of weekly SSB consumption 

amongst consumers in the analytical sample (1888 mL).  

As part of an assessment of general health status, respondents were asked the number of times 

they consumed fruit and vegetables (excluding non-100% fruit-juice and fried potatoes) per day, 

week or month during the past 30 days. This information was used to compute a daily FV 

consumption variable where, based on global recommendations on healthy diet [53], intake 

lower than 3 servings/day was categorized as ‘low’, intake between 3 and less than 5 as 

‘moderate’ and intake equal to or higher than 5 as ‘high’. 

 

-       Method/Results (table 1): it could be relevant to add some basic statistics on the socio-

demographics of participants according to different countries 

Authors’ response 

Looking at statistically significant differences in socio-demographics between countries was not 

among our aims. Since our sample size is large, p-values can be significant from a mere 

statistical point of view but not practically relevant or meaningful (see table 2). 
 



Table 2 

 

Weighted sociodemographic characteristics of participants in five countries (expressed as n (%), unless otherwise stated) from the 

International Food Policy Study 2018 (n=22,264). 

 Overall  

n=22,264 

Australia 

n=4,004 

Canada 

n=4,288 

United Kingdom 

n=5,367  

United States 

n=4,523 

Mexico 

n=4,082 

P-value* 

Sex        

Male 10,909 (48.7) 1,954 (48.8) 2,123 (49.5) 2,614 (48.7) 2,203 (48.7) 1,947 (47.7) 
< 0.001 

Female 11,355 (51.3) 2,050 (51.2) 2,165 (50.5) 2,753 (51.3) 2,320 (51.3) 2,135 (52.3) 

Age group        

18-29 years old 4,965 (22.3) 877 (21.9) 853 (19.9) 1,041 (19.4) 954 (21.1) 1,233 (30.2) 

< 0.001 
30-44 years old 5,878 (26.4) 1,057 (26.4) 1,055 (24.6) 1,310 (24.4) 1,140 (25.2) 1,318 (32.3) 

45-59 years old 5,788 (26.0) 981 (24.5) 1,111 (25.9) 1,406 (26.2) 1,149 (25.4) 1,147 (28.1) 

60+ years old 5,633 (25.3) 1,089 (27.2) 1,269 (29.6) 1,610 (30.0) 1,280 (28.3) 384 (9.4) 

Ethnicity        

Majority 17,611 (79.1) 3,015 (75.3) 3,293 (76.8) 4,728 (88.1) 3,406 (75.3) 3,159 (77.4) 

< 0.001 Minority 4,386 (19.7) 977 (24.4) 858 (20.0) 596 (11.1) 1,094 (24.2) 861 (21.1) 

Not stated 267 (1.2)  12 (0.3) 137 (3.2) 43 (0.8) 23 (0.5) 62 (1.5) 

Education        

Low 9,484 (42.6) 1,666 (41.6) 1,809 (42.2) 2,576 (48.0) 2,632 (58.2) 812 (19.9) 

< 0.001 
Medium 4,943 (22.2) 1,297 (32.4) 1,424 (33.2) 1,229 (22.9) 448 (9.9) 535 (13.1) 

High 7,770 (34.9) 1,033 (25.8) 1,038 (24.2) 1,530 (28.5) 1,438 (31.8) 2731 (66.9) 

Not stated 67 (0.3) 8 (0.2) 17 (0.4) 32 (0.6) 5 (0.1) 4 (0.1) 

BMI        

<18.5 668 (3.0) 124 (3.1) 142 (3.3) 161 (3.0) 158 (3.5) 86 (2.1) 

< 0.001 

18.5-24.9 7,748 (34.8) 1,441 (36.0) 1,432 (33.4) 1,852 (34.5) 1,375 (30.4) 1,633 (40.0) 

25-30 6,167 (27.7) 1,053 (26.3) 1,226 (28.6) 1,428 (26.6) 1,257 (27.8) 1,208 (29.6) 

≥30 4,609 (20.7) 833 (20.8) 1,029 (24.0) 896 (16.7) 1,226 (27.1) 633 (15.5) 

Missing/not stated 3,072 (13.8) 553 (13.8) 459 (10.7) 1,030 (19.2) 507 (11.2) 522 (12.8) 

Nutrition knowledge        

None/low 8,416 (37.8) 1,457 (36.4) 1,454 (33.9) 2,581 (48.1) 1,569 (34.7) 1,359 (33.3) 

< 0.001 
Moderate 9,462 (42.5) 1,654 (41.3) 1,908 (44.5) 1,911 (35.6) 1,841 (40.7) 2,147 (52.6) 

High 4,275 (19.2) 873 (21.8) 892 (20.8) 848 (15.8) 1,090 (24.1) 567 (13.9) 

Not stated 111 (0.5) 20 (0.5) 34 (0.8) 27 (0.5) 23 (0.5) 9 (0.2) 

*Pearson χ2 tests were calculated to determine differences by socio-demographic characteristics. 
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