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Preface 
Why diet..? Sometimes we live our everyday lives without 

considering the things that happen to us every day, and the 
fact that they form the basis of our health and wellbeing. We 
never study or learn about them. We eat several times per day 
and rarely think about food as about our building material – the 
well-known phrase, “you are what you eat”, is not just 
metaphorical, but rather is literally true. Amino-acids from our 
food construct our body, carbohydrates give us energy and 
fats form our reserves. Of all possible variables, diet probably 
has the most powerful influence on our health, and modifying 
ones diet can produce visible effects in a relatively short 
period of time. The documentary movie “Super-size me” 
(2004) [1] is an extreme but resounding account of the rapid 
and harmful effects of modern diets on our health. It took just 
two weeks on a strict fast food diet to disrupt several important 
metabolic processes in a relatively young and healthy adult. 
While not a very scientific source of information, the movie 
attracted the attention of the general public and helped to 
highlight the importance of diet as more than just a fuel. 

Peer-reviewed scientific studies confirm the importance of 
diet for health [2]. Moreover, clinical trials have demonstrated 
that a healthy diet is in itself a powerful and fast-acting tool for 
improving individual health [3, 4]. Thus, while a poor diet can 
seriously damage our health or even kill us, a healthy diet can 
serve as a natural approach for primary and even secondary 
prevention of common chronic diseases. 

Diet is closely associated with common cardiovascular risk 
factors such as obesity, type 2 diabetes and hypertension. 
Since cardiovascular diseases are the number one cause of 
death worldwide, and that diet is one of the most powerful 
modifiable risk factors; this thesis describes epidemiological 
studies focused on the relationship between diet, 
cardiovascular risk factors and cardiovascular disease. 



 



 

Abstract 
 
Cardiovascular diseases (CVD) are the principal cause of 

mortality worldwide. Lifestyle plays a crucial role in preventing 
the development of CVD, and one of its key elements is diet, 
which directly affects cardiometabolic health and 
cardiovascular risk. Given the complexity of diet and also of 
cardiovascular disease etiology, a lot of recent research into 
the association between diet and disease have focused on 
dietary patterns, as this is currently the most holistic way to 
study dietary habits in the population. In this work, we 
examined dietary patterns and their components that are 
associated with cardiometabolic health. Data were obtained 
from two population-based cross-sectional surveys conducted 
in Girona (Spain) in 2000 and 2005. The first survey included 
3,058 randomly selected free-living men and women aged 25 
to 74 years. The second survey included 6,352 men and 
women aged 35 to 80 years. These cohorts were re-examined 
in 2010 and 2012, with a follow up rate of 80.6% and 78.0%, 
respectively. At baseline and follow-up, we collected data on 
diet, using a validated food frequency questionnaire (FFQ), 
and on cardiovascular risk. We performed validation studies of 
a priori and a posteriori dietary patterns. In the a priori 
analysis, we found that a Diet Quality Index derived from a 
short Diet Quality Screener had good ability to predict future 
cardiovascular health complications. The a posteriori analysis 
showed good reproducibility and modest validity of dietary 
patterns defined using cluster analysis of the FFQ data. In a 
further step, we analysed the impact of energy under-reporting 
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on dietary patterns and secular trends in dietary patterns. We 
concluded that energy under-reporting is a serious problem in 
nutritional epidemiology, especially when developing dietary 
guidelines for the general population, and more solid research is 
urgently needed in this area. To explore the association between diet 
and cardiovascular risk factors and CVD, we focused on abdominal 
obesity, a risk factor that had received increasing interest in recent 
years. Adherence to the Mediterranean diet and substitution of soft 
drinks with other caloric beverages, such as milk and juice, was 
associated with decreased abdominal adiposity. Finally, we studied 
the association between dairy products and cardiovascular events, 
and concluded that consumption of dairy products does not have an 
adverse impact on CVD incidence, and that frequent intake of yogurt 
was negatively associated with CVD incidence, presumably due to its 
prebiotic properties.  

In conclusion, this PhD research shows a smaller increase in waist 
circumference among individuals with high adherence to the 
Mediterranean diet, and the opposite for soft drink consumption. 
Furthermore, the results support the hypothesis that yogurt 
consumption is cardioprotective. Finally, it underlines the need to 
control for energy misreporting in epidemiological studies, and to 
validate dietary patterns.  



 

Resumen 
Las enfermedades cardiovasculares (ECV) son la principal 

causa de mortalidad a nivel mundial. El estilo de vida juega un 
papel crucial en la prevención del desarrollo de las ECV, y 
uno de sus elementos clave es la alimentación, que afecta 
directamente a la salud cardiometabólica. Dada la multitud de 
variables que intervienen en los hábitos alimentarios y la 
complejidad de la etiología de las ECV, una gran cantidad de 
investigaciones recientes sobre la relación entre la dieta y la 
enfermedad se han centrado en estudiar los patrones 
dietéticos, ya que estos son, actualmente, la forma más 
holística para estudiar los hábitos alimentarios de la 
población. En este trabajo, hemos examinado qué patrones 
dietéticos y cuáles de sus componentes están asociados con 
la salud cardiometabólica. Los datos se han obtenido a partir 
de dos estudios transversales de base poblacional realizados 
en Girona (España) en 2000 y 2005. El primer estudio incluyó 
3.058 hombres y mujeres, no institucionalizados, y 
seleccionados al azar de la población de entre 25 a 74 años. 
El segundo estudio incluyó 6.352 hombres y mujeres, no 
institucionalizados, de edades comprendidas entre los 35 a 80 
años. Estas dos cohortes fueron re-examinadas en el año 
2010 y en el año 2012, con una tasa de seguimiento del 
80,6% y 78,0%, respectivamente. Al inicio y al final del estudio 
se recogieron los datos dietéticos, mediante un cuestionario 
de frecuencia de alimentos validado (CFA), y los datos sobre 
los factores de riesgo cardiovascular. Se realizaron estudios 
de validación de los patrones dietéticos a priori y a posteriori. 
En el análisis a priori, encontramos que el Índice de Calidad 
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Alimentaria derivado de un Cuestionario corto de Calidad de la Dieta 
tenía buena capacidad para predecir acontecimientos relacionados 
con la salud cardiovascular. El análisis a posteriori mostró una buena 
reproducibilidad y una validez modesta de los patrones dietéticos 
definidos mediante análisis de clústers de los datos del CFA. En una 
siguiente etapa, se analizó el impacto de la declaración inferior de 
los niveles reales de energía consumida sobre los patrones 
dietéticos y las tendencias seculares en los mismos. Llegamos a la 
conclusión de que la energía declarada por debajo de valores reales 
es un problema grave en la epidemiología nutricional, sobre todo en 
el desarrollo de guías alimentarias para la población en general, y se 
necesita con urgencia una investigación más sólida en este área. 
Para explorar la asociación entre la dieta y los factores de riesgo de 
ECV, nos hemos centrado en un factor de riesgo como la obesidad 
abdominal. El seguimiento de una dieta mediterránea y la 
substitución de las bebida gaseosas por otras bebidas calóricas, 
como la leche y el zumo, se asoció con una disminución de la 
adiposidad abdominal. Por último, estudiamos la asociación entre los 
productos lácteos y los episodios cardiovasculares, y llegamos a la 
conclusión de que el consumo de productos lácteos no tiene un 
impacto adverso sobre la incidencia de las ECV, y que el consumo 
frecuente de yogur se asoció negativamente con la incidencia de 
ECV. 

En conclusión, esta investigación doctoral muestra un menor 
aumento de la circunferencia de la cintura entre los individuos que 
siguen una dieta mediterránea, y lo contrario para el consumo de 
bebidas gaseosas. Además, los resultados apoyan la hipótesis de 
que el consumo de yogur actúa como cardioprotector. Por último, 
subraya la necesidad de controlar la declaración errónea del 
consumo de energía en los estudios epidemiológicos, y de validar 
los patrones dietéticos. 
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1.1. CVD trends and statistics 

 
The 20th and 21st centuries have seen a significant improvement in 

health and health care. During this period, the main cause of death 
has changed from infection to non-communicable disease, including 
cardiovascular disease (CVD). The main reasons for this dramatic 
change are population aging, increased urbanization and 
globalization, which favor development of cardiovascular risk factors 
for the principle causes of mortality worldwide: ischemic heart 
disease and stroke. CVD is not only the most important cause of 
mortality, accounting for ~30% of deaths worldwide, but also has 
enormous economic costs, especially in developed countries, and 
results in significant disability [5]. Figure 1 shows CVD mortality in 
2005 in Europe, where the lowest and highest rates were observed in 
French females and Russian males (109.88 and 1145.11 deaths per 
100,000 cases, respectively) [6]. 

During the last 20 years, CVD mortality has decreased significantly 
in developed countries, but has remained consistent or even 
increased in middle and lower middle income countries (Figure 2) [7]. 
Figure 2 shows CVD mortality rates in North and South America, 
highlighting a steady decline in CVD mortality in almost all high 
income countries, such as Canada and the USA, and very slight or no 
decline in middle and lower middle income countries, such as 
Mexico, Panama, Paraguay. 

A number of lifestyle factors play a major role in the development 
of CVD, such as physical activity, smoking, alcohol consumption and 
diet. Among these, diet has been shown to have a cause relationship 
with CVD and CVD risk factors [3, 8]. 
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Figure 1.  Age-standardized CVD mortal i ty in Europe in 2005 (ICD-10: 
I00-I90). Top: females, bottom: males [6]. CVD mortal i ty data for 2005 
were not available for some countr ies, so data for 2003 (Armenia, 
Macedonia, I taly) or 2004 (Albania, Belgium, Azerbaijan, Portugal) are 
shown. 
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Figure 2. Trends in mortal i ty due to cardiovascular diseases (ICD-10 

I00–I99) (age-adjusted rates/100,000). Selected countr ies in North and 
South America, 2000 to the latest available year [7]. 

 

1.2. Approaches to studying diet 

 
In nutritional epidemiology, the relationship between diet and 

disease has typically been studied by testing for association between 
a health outcome of interest and a single nutrient or food. While 
useful, this approach has several limitations. First, people do not eat 
nutrients in isolation or just one food item all the time, but rather 
complete meals with a complex combination of foods and nutrients 
that interact with each other. A classic example of interaction 
between nutrients is improved absorption of iron in the presence of 
vitamin C. Nutrients can also be inter-correlated (e.g. potassium and 
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magnesium), which can make it difficult to distinguish between their 
effects [9]. Furthermore, a large number of different nutrients and 
foods, consumed together in a given diet, may show statistically 
significant associations with a health outcome of interest just by 
chance because certain food items are usually closely related to 
certain dietary pattern, which can be related to the health outcome. 
Therefore, while the effect of a single nutrient or food can be too small 
to detect, the overall effect of the nutrients or foods in a specific 
dietary pattern can be large enough to be detected by practicable 
study designs. Therefore, to overcome these limitations, we decided 
to analyze the association between the entire diet, or dietary pattern, 
and health outcomes of interest. This approach is a better 
approximation of reality, where people consume a combination of 
different nutrients and foods. Since dietary patterns cannot be 
directly measured as nutrients and foods, special statistical methods 
based on dietary data can be used to represent typical dietary 
patterns in a study population. Two major groups of methods are 
currently used to reconstruct dietary patterns, a priori methods and a 
posteriori methods, and are described below. 

1.2.1. A priori methods for constructing dietary patterns 

A priori methods include all possible types of indexes and scores, 
most of which can be divided into two types. The first type is based 
on dietary recommendations, and describes diet quality, in general or 
specific terms, for a certain health status. The second type of index is 
based on the principles of a traditional diet, and describes the level 
of adherence to that diet. 

Construction of a specific index is a complex task, requiring 
thorough knowledge of healthy nutrition. Depending on the objective, 
the index must be designed to capture specific aspects of dietary 



1.  Introduction 

   21 

habits in the study population. Population-specific dietary guidelines, 
food pyramids, and the results of multiple clinical studies are among 
the sources of information required to construct indexes/scores to 
describe diet quality or adherence to a dietary pattern that is 
beneficial for prevention of a certain disease. Examples of this type of 
index/score include the Healthy Eating Index (HEI), the Healthy Food 
Diversity Index, the Dietary Approach to Stop Hypertension (DASH) 
score, the Dutch Healthy Diet Index, the Healthy Lifestyle-Diet Index, 
the US Healthy Food Diversity Index, and the Alternate Healthy Eating 
Index (AHEI), as well as the Diet Quality Index (DQI), which was 
developed in our group [10]. 

The second type of a priori dietary patterns is used to analyze 
adherence to a certain diet, such as the Mediterranean, Nordic, 
Vegetarian, or Vegan diets. Examples of this type of dietary 
index/score include the Mediterranean Diet Score (MDS), Modified 
Mediterranean Dietary Score, Baltic Sea Dietary Score. Vegetarian 
and Vegan diets are normally defined by non-consumption of certain 
types of animal foods, depending on the strictness of the diet’s 
definition. Many studies have demonstrated the beneficial effect of 
these diets for various health problems, making them popular not only 
in the original region, but also in other populations. 

Methods focused on a priori dietary patterns are quick and easy to 
use instruments for measuring diet quality and level of adherence to a 
specific diet. One of their disadvantages is that they cannot capture 
new dietary patterns arising in the population, although they can 
measure trends in diet quality or adherence to a certain dietary 
pattern. Also, the validation of methods focused on a priori dietary 
patterns is rather laborious, in that they must be validated or at least 
adapted for every target population, especially in populations that are 
very different.  
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1.2.2. A posteriori methods for constructing dietary patterns 

A posteriori dietary patterns are data-driven dietary patterns 
constructed using various statistical methods. The main advantage of 
this type of dietary patterns is that it allows us to define new dietary 
patterns arising in the target population, which is difficult to do with a 
priori dietary patterns.  

Several statistical methods can be used to construct a posteriori 
dietary patterns, the most popular being cluster and principal 
component analysis (PCA). Cluster analysis groups individuals with 
similar dietary habits into relatively homogeneous clusters, and each 
individual in a sample is assigned to just one cluster or dietary 
pattern. Study participants can be categorized according to various 
criteria, such as the amount of food consumption [11], frequency of 
food consumption [12], or percentage of total energy consumption 
[13]. Cluster analysis is a very convenient form of dietary pattern 
analysis and provides readily interpretable results, although it has 
several weaknesses. During cluster definition, the investigator must 
take several subjective decisions, including defining the number of 
clusters and their names, and criteria for cluster definition.   

PCA is another popular method for constructing a posteriori dietary 
patterns. Unlike clusters, principal components are mathematical 
functions of the variables of interest, and not of the sample 
participants. PCA uses existing dietary data and defines common 
dietary patterns based on correlations between food groups or food 
items. The final value of each principal component is a summary 
score, such that each individual can belong to all principal 
components, or dietary patterns, but has different score in each one. 
In comparison with cluster analysis, the main disadvantage of PCA is 
the difficulty in interpreting the final dietary patterns. 
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1.2.3. Validation of dietary patterns 

Analysis of dietary patterns measures various parameters of diet. 
The utility and quality of the measuring method is expressed in terms 
of its validity and reproducibility. A method’s validity describes how 
well it measures what it intends to measure, and its reproducibility 
shows whether it gives comparable results each time it is used. A 
population’s dietary habits and dietary patterns undergo constant 
change, and valid and reproducible methods are required to track 
these changes within and between populations. Few studies have 
explored the validity and reproducibility of dietary patterns, and a 
posteriori dietary patterns are studied less than a priori ones.  Results 
vary according to the method and the objective of the study. While 
dietary patterns will clearly differ between studies and populations, 
both a priori and a posteriori dietary patterns shows reasonable 
validity and reproducibility [14-16]. In a recent study of a priori dietary 
patterns, Collins et al. [17] analyzed the reproducibility and validity of 
the Australian Recommended Food Score (ARFS) and compared the 
data from the ARFS with food data from the Australian Eating Survey 
(AES) food frequency questionnaire (FFQ). Their analysis of 
reproducibility and validity showed medium to high correlation of the 
ARFS with the AES FFQ [reproducibility: median correlation for ARFS 
food groups, 0.66 (95% CI 0.48, 0.84), what is considered to be a 
strong correlation].  

The validity and reproducibility of a posteriori dietary patterns 
constructed using cluster analysis has been less well studied than 
other methods. In a recent validation study, Dekker et al. [18] 
explored the internal stability and reproducibility of dietary patterns 
defined using cluster analysis from three consecutive surveys over a 
10-year period. They defined two dietary patterns in each survey, a 
high-fiber bread pattern and low-fiber bread pattern. These patterns 
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showed many similarities between surveys and high reproducibility 
over the 10-year period. The patterns were stable over time and only 
the low-fiber bread group showed notable changes in consumption 
(>5% of total energy). This demonstrates the importance of studies 
focused on the reproducibility and validity of a posteriori dietary 
patterns, in that they also reflects dietary trends and transitions in 
population.   

 

1.3. Dietary patterns and CVD: Background 

1.3.1. A priori dietary patterns 

Various a priori indices have been developed to date [19, 20], 
some of which are widely used and have formed the basis for the 
development of new ones. The most popular a priori dietary patterns 
and their association with health are explained in more detail below. 

1.3.1.1. Mediterranean diet 
The Mediterranean diet is a traditional dietary pattern, and has 

been the primary focus of research in this field, partly because 
natives of olive-growing Mediterranean regions stand out for their 
long life expectancy. The Seven Countries Study showed that the 
specific dietary pattern of these regions is key to their longevity and 
reduced CVD risk, compared to North European countries [21]. The 
specific dietary pattern of this region was named the Mediterranean 
diet, which is a plant-based diet characterized by abundant 
consumption of monounsaturated fatty acids (MUFA) in the form of 
extra virgin olive oil, and abundant consumption of nuts, legumes, 
seasonal fruits and vegetables and whole grain cereals, moderate 
consumption of dairy products, fish and wine, and low consumption 
of meat. Some investigators suggest that the concept of the 
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Mediterranean diet should include the entire lifestyle of the 
Mediterranean population, which is characterized by physical activity, 
sunny climate, after-lunch napping and sociality, which play an 
important role in preventing chronic non-communicable diseases.  

Since the Mediterranean diet was initially described, many indexes 
have been developed with the aim of quantifying the level of 
adherence to the Mediterranean dietary pattern. The first 
Mediterranean diet index, the MDS, was developed by Trichopoulou 
et al. (1995) [22] to reflect the traditional diet of older Greeks, 
including eight dichotomized components: high consumption of 
vegetables, legumes, fruit, nuts and cereals, and a high ratio of 
monounsaturated:saturated fat; low consumption of dairy and meat 
products; and moderate consumption of ethanol. In a meta-analysis 
of 18 cohort studies and 2,190,627 participants, Sofy et al., [23] 
found that a 2-point increase in adherence to the MDS was 
associated with a 10% (Relative risk (RR) = 0.90, 95%CI 0.97,0.93) 
decrease in risk of CVD incidence and mortality. In the Greek EPIC 
study, a 2-point increase in the MDS was associated with a 25% 
(Hazard ratio (HR) = 0.75, 95%CI 0.57, 0.98) and 19% (HR = 0.81, 
95%CI 0.67, 0.99) decrease in risk of coronary heart disease (CHD) 
mortality among women and men, respectively [24].  

Many intervention studies using the Mediterranean diet have been 
conducted, where the health effects of this diet were compared to 
those of other diets. In a meta-analysis of six intervention studies, 
Nordmann et al. [25] calculated the weighted mean difference 
between the effect of the Mediterranean diet and low-fat diets on CVD 
risk factors over 2 years, and found that the Mediterranean diet group 
achieved more favorable cardiovascular profile than the low-fat diet 
group. The Mediterranean diet group had greater reductions in body 
weight (-2.24 kg, 95%CI -3.9,-0.6), systolic (-1.70 mm Hg, 95%CI -
3.4,-0.1) and diastolic (-1.47 mm Hg, 95%CI -2.1,-0.8) blood 
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pressure, total cholesterol (-7.35 mg/dL, 95% CI -10.3, -4.4), C-
reactive protein (-0.97 mg/L, 95%CI -1.5, -0.5), and fasting plasma 
glucose (-3.83 mg/dL, 95%CI -7.0, -0.6). 

The most noteworthy results regarding the protective effect of the 
Mediterranean diet against CVD mortality and morbidity were 
obtained by the PREDIMED study [3]. Estruch et al. [3] compared two 
Mediterranean diet intervention groups, one with consumption of one 
liter/week of virgin olive oil, and another with consumption of 30 g/day 
of nuts, and a control group on a low-fat diet. They showed a 30% 
(RR = 0.70, 95%CI 0.54, 0.92) decrease in the risk of cardiovascular 
events in the virgin olive oil group and a 28% (RR = 0.72, 95%CI 
0.54, 0.96) decrease in the nuts group, in comparison with the low-fat 
control diet.   

1.3.1.2. Dietary Approach to Stop Hypertension  
Another dietary pattern widely known to be beneficial for CVD risk 

is the DASH diet, which was created according to dietary 
recommendations aimed at lowering blood pressure [26]. The DASH 
dietary pattern is characterized by high intake of plant-based foods, 
such as fruits and vegetables, and low intake of fat and cholesterol.  

Various intervention studies have demonstrated the beneficial 
effect of the DASH diet on blood pressure and other CVD risk factors. 
Chen et al. [27] reported that their DASH intervention group had 
lower 10-year CHD risk after 8 weeks of intervention than a fruit and 
vegetable group (RR =  0.89, 95% CI 0.75, 0.90) and a control group 
(RR = 0.82, 95% CI 0.81, 0.97). However, these results were 
ethnicity-specific, with African-Americans showing greater reduction 
of 10-year CHD risk than Caucasians (p-value for interaction 0.038). 

Another study evaluated the effect of the DASH diet combined with 
restriction of sodium [4], a well-known risk factor for CVD but not 
originally a component of the DASH intervention. The trial included 
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three groups on the DASH diet and three groups on a control diet, 
with three levels of sodium consumption for each group: high, 
intermediate and low. After the intervention, the groups on the DASH 
diet had lower blood pressure than the control groups at all sodium 
levels, and the DASH diet had a greater effect in the intermediate and 
high sodium groups than in the low sodium group. 

Application of the DASH dietary pattern in epidemiological studies 
required the development of a DASH-style diet score consisting of 
eight food components that reflect adherence to the DASH diet: fruit, 
vegetables, whole grain, nuts and legumes, low-fat dairy, red and 
processed meats, sweetened beverages, and sodium [28]. In a 
meta-analysis of seven cohort studies, Salehi-Abargouei et al. [29] 
reported 20%  (RR = 0.80, 95%CI 0.74, 0.86) lower risk for CVD in the 
highest n-tile of the DASH-style diet score than in the lowest n-tile 
(here, n represents tertile, quartile, etc., depending on the study). 
Regarding CVD mortality, in the Dietary Pattern Methods Project 
based on three large cohorts, Liese et al., [30] analyzed the DASH 
score together with three other dietary scores: HEI 2010, AHEI 2010 
and alternative MDS. They showed that high diet quality scores were 
associated with 19-28% (HRs = 0.81-0.72) lower risk of CVD mortality 
in women and 14-26% (HRs = 0.86-0.74) lower risk in men. In a 
separate analysis for each diet score, the highest quintile of the 
DASH score, which represents better diet quality, was associated 
with 17% (HR = 0.83, 95%CI 0.76, 0.91) and 22% (HR = 0.78, 95%CI 
0.71,0.85) lower risk of CVD in men and women, respectively, in 
comparison with the lowest quintile [31]. Additionally, in a recent 
meta-analysis [32] of cohort studies, the highest diet quality category 
of the DASH was associated with a 20% (RR = 0.80, 95%CI 0.76, 
0.85) decrease in cardiovascular mortality and incidence, in 
comparison with the lowest diet quality category. 
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The DASH dietary pattern demonstrates a protective effect against 
CVD, and is shown to be an effective alternative to medication in 
lowering high blood pressure.  

1.3.1.3. Healthy Eating Index 
The HEI is another a priori tool for evaluating dietary patterns 

based on dietary recommendations. The HEI was constructed 
according to the Dietary Guidelines for Americans, which is based on 
scientific knowledge and aims to promote healthy dietary habits and 
to reduce the burden of chronic diseases in the population of the 
United States [33]. The HEI evaluates adherence to the guidelines 
and, following updates to the American Dietary Guidelines, there are 
three versions of this index: the HEI, HEI-2005 and HEI-2010 [33-35]. 
The index uses amounts of foods and nutrients consumed per 1000 
kcal energy intake. The latest version, which reflects the 2010 Dietary 
Guidelines for Americans, contains nine components that ensure 
adequate intake of nutrients: total fruit (includes fruit juices), whole 
fruit (all forms except juices), total vegetables, greens & beans, whole 
grains, dairy, total protein foods, seafood & plant proteins, and fatty 
acids; and three components in moderation: refined grains, sodium 
and empty calories. 

Furthermore, the AHEI is a version of the HEI that evaluates 
consumption of foods and nutrients that are associated with risk of 
chronic diseases [36]. The AHEI uses absolute intake instead of the 
nutrient density approach used in the HEI, and has two versions: the 
AHEI and the AHEI-2010 [36, 37]. The latest version consists of 
eleven components: vegetables, fruits, whole grains, sugar-
sweetened beverages & fruit juice, nuts & legumes, red/processed 
meat, trans-fat, long-chain fats, polyunsaturated fatty acids (PUFA), 
sodium and alcohol.  
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Many epidemiological studies have used these indices to analyze 
the association between diet quality and health [32]. A recent meta-
analysis by Schwingshackl and Hoffmann [32] analyzed the 
association between the HEI, AHEI and DASH scores and 
cardiovascular mortality in 12 cohort studies, and found that the 
highest diet quality category of the HEI-2010 and the AHEI-2010 were 
associated with 20% (RR = 0.80, 95%CI 0.76, 0.85) and 26% (RR = 
0.74, 95%CI 0.72, 0.77) lower risk of CVD (combined mortality and 
incidence) than the lowest diet quality category. Subgroup analysis 
showed that newer versions of these indices (i.e. HEI-2005, HEI-2010 
and AHEI-2010) were more strongly associated with health outcomes 
than the older versions. In the Multi-Ethnic Study of Atherosclerosis, 
Harmon et al. [31] showed that, among various indices, the HEI-2010 
showed the strongest association with decreased risk of CVD 
mortality in men, with a HR of 0.74 (95%CI 0.69, 0.81) for the 5th vs. 
the 1st quintile. In contrast, the AHEI-2010 showed the strongest 
association with CVD mortality in women, with a HR of 0.76 (95%CI 
0.69, 0.83) for the 5th vs. the 1st quintile. 

The HEI and the AHEI are currently widely used in nutritional 
epidemiology studies, and there is sufficient scientific evidence to 
confirm their utility and efficacy in identifying people at risk of 
developing CVD. 

1.3.2. A posteriori dietary patterns 

The association between dietary patterns and CVD has been 
studied extensively over the past 10 years. Cluster and PCA analyses 
are frequently used to study a posteriori dietary patterns. Most 
studies identify two common dietary patterns, a Prudent or healthy 
dietary pattern, and a Western or unhealthy dietary pattern. The 
Prudent dietary pattern is characterized by abundant consumption of 
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vegetables, fruit, whole grain, plant oils, low-fat dairy, fish and poultry. 
The Western dietary pattern is characterized by increased intake of 
refined grain, red meat & derivatives, fast food, sugared carbonated 
beverages, high-fat dairy, fried foods, snacks, sweets and deserts. 
While some studies define more than two dietary patterns or use 
different names for these patterns, the names of the patterns reflect 
the same idea in most studies: more and less healthy dietary 
patterns. 

1.3.2.1.Principal component analysis and factor analysis 
Hou et al. [38] recently reported the results of a meta-analysis of 

12 cohort studies including 409,780 participants that evaluated the 
association between CHD risk and dietary patterns defined using 
PCA and factor analysis. They found that the highest category of the 
Prudent dietary pattern was associated with 20% (Summary Relative 
Risk Estimate (SRRE) = 0.80, 95%CI 0.74, 0.87) lower risk of CHD 
than the lowest category, and that the Western dietary pattern was 
not associated with risk of CHD. However, subgroup analysis showed 
a 45% increase in CHD risk in participants from US cohorts following 
a Western dietary pattern. In another recent meta-analysis, Li et al. 
[39] analyzed the association between CVD and stroke mortality and 
dietary patterns defined using factor analysis and PCA. They 
observed a significant inverse association between the Prudent 
dietary pattern and risk of CVD mortality (SRRE 0.81, 95%CI 0.75, 
0.81), but no significant association with stroke mortality (SRRE = 
0.89, 95%CI 0.77, 1.02). Adherence to the Western dietary pattern 
was not associated with risk of CVD and stroke mortality. Martínez-
González et al. [40] obtained similar results in the PREDIMED study, 
in which the authors analyzed the association between various CVD 
events and mortality and Western and Mediterranean dietary patterns 
defined using factor analysis. The third and fourth quartiles of the 
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Mediterranean dietary pattern were strongly associated with 
decreased risk of a primary CVD event [Odds Ratio (OR), 0.60 
(95%CI 0.42, 0.83) for Q3; 0.52 (95%CI 0.36, 0.74) for Q4], 
myocardial infarction [OR, 0.58 (95%CI 0.34, 0.97) for Q3; 0.41 
(95%CI 0.23, 0.75) for Q4] and CVD mortality [OR, 0.56 (95%CI 0.30, 
1.05) for Q3; 0.37 (95%CI 0.18, 0.75) for Q4], compared to the first 
quartile. In contrast, the Western dietary pattern was not associated 
with higher risk of CVD events and mortality. Neither of these dietary 
patterns were associated with risk of stroke in this analysis. 

1.3.2.2. Cluster analysis 
Although less widely used than PCA, cluster analysis has also 

been used to provide evidence of an association between dietary 
patterns and CVD incidence and mortality. In the Framingham 
Offspring/Spouse Study, the heart-healthy dietary pattern in women 
was associated with 40% (p=0.02) lower risk of subclinical CVD [41], 
and the Empty Calorie dietary pattern was associated with more than 
two-fold risk of carotid atherosclerosis, compared to the heart-healthy 
dietary pattern (OR = 2.28 95%CI 1.12, 4.62) [42]. In a Portuguese 
cohort study [43], a “red meat and alcohol” dietary pattern was 
associated with 98% (OR = 1.98, 95%CI 1.17, 3.12) and 91% (OR = 
1.91, 95%CI 1.35, 2.92) higher risk of acute myocardial infarction in 
women and men, respectively, compared to a “healthy” dietary 
pattern. Brunner et al. [44] found that a healthy dietary pattern was 
associated with 21% (HR = 0.79, 95%CI 0.51, 0.98) lower risk of fatal 
and non-fatal CHD after 15 years of follow-up, compared to an 
unhealthy dietary pattern in a fully adjusted model. They also found 
that the healthy dietary pattern was associated with 26% (HR = 0.74, 
95%CI 0.58, 0.94) lower risk of type 2 diabetes, which is a known 
strong risk factor of CVD development, compared to an unhealthy 
dietary pattern. 
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There is strong scientific evidence from cohort studies and large 
randomized clinical trials (RCTs) regarding the protective and 
beneficial effects of healthy dietary patterns on CVD risk factors, and 
CVD incidence and mortality. There is considerable overlap between 
the components of healthy-type dietary patterns (e.g. the 
Mediterranean, DASH and HEI a priori patterns, and the Prudent and 
healthy a posteriori patterns), in that they are more plant-based and 
have a lower emphasis on animal-based foods. Analysis of individual 
elements of diet in some studies indicates that they have a weaker 
effect on health outcomes than whole dietary patterns [8, 22]. 
Therefore, dietary patterns are a more effective way to analyze the 
association between diet and health, as it is a more holistic approach 
and closer to reality. 

 

1.4. Association between food and food groups and CVD 
risk factors: Background 

 
Many studies have evaluated the association between CVD and 

different foods, including soft drinks, red and processed meat, fish, 
dairy products, olive oil, nuts, and fruits and vegetables.1.4.1. Soft 
drinks 

1.4.1. Soft drinks 

Many scientific studies have demonstrated that excessive 
consumption of sugar, especially in the form of soft drinks, is 
associated with metabolic diseases such as obesity and type 2 
diabetes [45, 46]. In a meta-analysis, Malik et al. [47] showed that 
increased consumption of soft drinks is associated with increased 
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adiposity in both adults and children. Daily consumption of 12 oz. (≈ 
355 ml) of soft drinks for one year was associated with a 0.05 kg/m2 
(95%CI 0.03, 0.07) increase in BMI and a 0.12 kg (95%CI 0.10, 0.14) 
increase in weight in children and adults, respectively. Recently, Xi et 
al. [48] published a meta-analysis on the association between soft 
drinks and risk of CHD, stroke and hypertension. They found that high 
consumption of soft drinks, compared to low consumption, was 
directly associated with hypertension (RR = 1.10, 95%CI 1.06, 1.15, 
random-effects analysis) and CHD (RR = 1.17, 95%CI 110, 1.24, 
fixed-effect analysis). Also, a one-serving per day increase in soft 
drink consumption was associated with higher risk of hypertension (p 
for trend < 0.05) and CHD (RR = 1.17, 95%CI 1.10, 1.24). They found 
no association with stroke. Additionally, in a recent review by Keller et 
al. [49], highlighted the fact that soft drink consumption was 
associated with increased levels of total cholesterol, triglycerides, 
fasting blood glucose and the ratio of visceral to subcutaneous 
adipose tissue. 

1.4.2. Red and processed meat 

Red and processed meat is another food group, which has been 
shown by many studies to have a negative impact on health.  Pan et 
al. [50] analyzed the association between red and processed meat 
and CVD mortality in two large cohorts from the USA, the Health 
Professionals Follow-up Study and the Nurses' Health Study. They 
found that a 1 serving/day increase in total red meat, unprocessed 
red meat, and processed red meat consumption were associated 
with increased CVD mortality [HRs (95% CIs): 1.16 (1.12-1.20), 1.18 
(1.13-1.23) and 1.21 (1.13-1.31), respectively]. The EPIC study [51] 
showed that >40 g/day of processed meat was associated with 
increased risk of CVD mortality in a dose dependent manner. 
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Consumption of >160 g/day was associated with 72% (HR = 1.72, 
95%CI 1.29, 2.30) higher risk of CVD mortality than low consumption 
(<20 g/day). However, the test for a similar association for 
unprocessed red meat did not reach statistical significance. A recent 
meta-analysis of large cohort studies with almost 2,000,000 
participants and 4 years of follow-up showed that a 0.5 serving/day 
increase in consumption of red meat was associated with 30% (HR = 
1.30, 95%CI 1.21, 1.41) higher risk of type 2 diabetes[52]. 

1.4.3. Fish 

In contrast to the negative impact of red meat on health, another 
important source of animal protein and fat, fish, has been shown to 
be beneficial for cardiovascular health. Fish, especially fatty fish, is a 
good source of omega-3 PUFA, whose protective effect on CVD risk 
has been demonstrated in many studies [53]. In a meta-analysis of 13 
cohorts, He et al. [54] showed that consumption of fish at least once 
per week is associated with 15% (RR = 0.85, 95%CI 0.76, 0.96) lower 
risk of CHD. In a large national pregnancy cohort, Strom et al. [55] 
showed that individuals who never consumed fish had 189% (HR = 
2.89, 95%CI 1.39, 5.99) higher risk of CVD than those who consumed 
fish every week. Similar results were found for omega-3 PUFA, with 
high-risk estimates for the lowest intake group (HR = 1.91, 95%CI 
1.26, 2.89). A previous meta-analysis of ten RCTs confirmed the 
beneficial effects of omega-3 PUFA on CVD [56], with 19% lower risk 
of cardiac death (RR = 0.81, 95%CI 0.69, 0.95) in patients receiving 
omega-3 PUFA dietary supplements. 

1.4.4. Milk and dairy products 

Milk and dairy products are another animal product whose impact 
on cardiovascular health has been widely studied, although results 
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remain inconclusive to date. Recent studies show no association 
between milk and dairy consumption and risk of CVD, or even an 
inverse association [57]. For some years, dairy product were thought 
to be harmful for cardiovascular health because of their high 
saturated fatty acids (SFA) content. However, a meta-analysis by 
Soedamah-Muthu et al. [58] indicated an inverse association 
between milk consumption (200 ml/day) and risk of CVD (RR = 0.94, 
95%CI 0.89, 0.99). In a cohort of women, Patterson et al. [59] showed 
that the highest quartile of dairy consumption was associated with 
23% (HR = 0.77, 95%CI 0.63, 0.95) lower risk of myocardial infarction 
than the lowest quartile after 11.6 years of follow-up, and this 
association was partially explained by cheese consumption. In a 
Japanese cohort with 24 years of follow-up, a 100g/day increase in 
total dairy consumption was associated with decreased risk of CVD 
mortality in women (HR = 0.86, 95%CI 0.74, 0.99); there was no 
significant association in men [60]. Additionally, there is considerable 
evidence of the beneficial impact of dairy on CVD risk factors, such 
as type 2 diabetes. A meta-analysis of twelve cohort studies showed 
that high intake of dairy products was associated with 11% (RR = 
0.89, 95%CI 0.82, 0.96) lower risk of type 2 diabetes than low intake, 
and this association was explained by consumption of low-fat dairy, 
cheese and yogurt [61].   

1.4.5. Olive oil 

Many studies have demonstrated the beneficial health effects of 
another popular dietary source of lipids, olive oil. Olive oil is an 
abundant source of MUFAs, which have been shown to be very 
beneficial for cardiovascular health [53]. Two recent meta-analyses 
have confirmed the beneficial effect of olive oil on CVD incidence and 
mortality. Schwingshackl and Hoffmann [62] showed that the top 
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tertile of olive oil consumption was associated with 40% (RR = 0.60, 
95%CI 0.47, 0.77) lower risk of stroke, 28% (RR = 0.72, 95%CI 0.57, 
0.91) lower CVD incidence, and 30% (RR = 0.70, 95%CI 0.48, 1.03) 
lower CVD mortality, compared to the bottom tertile. Interestingly, 
neither dietary consumption MUFA, the MUFA:SFA ratio, nor oleic 
fatty acid were as strongly associated with these outcomes as olive 
oil. In another meta-analysis of Martínez-González et al. [63] all 
cohorts and the PREDIMED clinical trial consistently reported an 
inverse association between stroke incidence and a 25 g/day 
increase in consumption of olive oil (RR = 0.76, 95%CI 0.67, 0.86). 
Ultimately, in a combined analysis of all studies, a 25 g/day increase 
in olive oil consumption was associated with 18% (RR = 0.82, 95%CI 
0.70, 0.96) lower risk of CVD incidence.  

1.4.6. Nuts 

Another healthy source of dietary fat is nuts. In a recent meta-
analysis of observational and clinical studies, Afshin et al. [64] 
showed that four weekly servings (1 serving = 28.4 g) of nuts was 
associated with 24% (RR = 0.76, 95%CI 0.69, 0.84) lower risk of fatal 
ischemic heart disease (IHD), and 22% (RR = 78, 95%CI 0.67, 0.92) 
lower risk of non-fatal IHD. There was no significant association with 
stroke. In a combined analysis of four large US cohort studies, Kelly 
and Sabaté [65] found that participants who consumed nuts at least 
four times per week had 37% (RR = 0.63, 95%CI 0.51, 0.83) lower 
risk of CHD than those who rarely or never consumed nuts.  

1.4.7. Fruits and vegetables 

Almost all healthy dietary patterns include increased consumption 
of fruit and vegetables. Official dietary recommendations for public 
health strongly recommend consumption of fruit and vegetables to 
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decrease CVD risk [66, 67]. A meta-analysis of cohort studies 
showed that a 1-serving increase in consumption of vegetables and 
fruit was associated with 5% (RR = 0.95, 95%CI 0.92, 0.99) and 7% 
(RR = 0.93, 95%CI 0.89, 0.96) lower risk of CVD, respectively [68]. A 
subsequent meta-analysis of cohort studies including more than 
200,000 participants showed that individuals who consumed 3-5 and 
>5 servings of fruit and vegetables per day was associated with 7% 
(RR = 0.93, 95%CI 0.86, 1.0) and 17% (RR = 0.83, 95%CI 0.77, 0.89) 
lower risk of CHD than those who consumed <3 servings per day 
[69]. Finally, the results from the EPIC-Heart study demonstrated that 
consumption of at least 8 servings of fruit and vegetables per day 
was associated with 22% (RR = 0.78, 95%CI 0.65, 0.95) lower risk of 
fatal IHD than consumption of ≤3 servings per day [70]. Together with 
these findings, several RCTs have shown the beneficial effects of fruit 
and vegetables consumption on cardiovascular health [71], although 
not all studies have shown strong, convincing evidence. It seems 
likely that fruit and vegetables have a synergistic beneficial effect on 
health in combination with other healthy foods in the context of a 
healthy dietary pattern. 
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CVD is the most important cause of premature death worldwide 
[5]. There is abundant evidence to support the effect of diet quality 
on the development of CVD [3, 8]. To assess diet quality, various 
dietary indexes based on dietary recommendations or traditional 
dietary habits, have been developed [22, 33, 36]. Several of these 
indexes are derived from the full-length FFQ, and are associated with 
CVD development [37, 72]. As far as we are aware, only one short 
diet quality screener has been examined to assess its predictive 
validity, i.e. the ability of its score to predict risk of future CVD events 
[73]. Therefore, we decided to perform a simulation study of the 
predictive validity of the DQI, which is derived from the short Diet 
Quality Screener (sDQS) developed by our group. 

There is even less validation evidence for dietary patterns defined 
using cluster analysis than that for dietary indexes, even though 
cluster analysis is a widely used approach to define dietary patterns 
[14]. While dietary patterns defined using cluster analysis are easy to 
interpret, it is difficult to compare them between different populations, 
samples and dietary data sources. Thus, it is important to perform 
validation studies of dietary patterns defined using cluster analysis. 
Consequently, the second manuscript from this PhD research deals 
with the validity and reproducibility of dietary patterns defined using 
cluster analysis of various sources of dietary data. 

In nutritional epidemiology, all dietary assessment methods are 
biased by energy under-reporting. This is an important challenge for 
observational studies, and affects all types of diet analysis, including 
dietary patterns. According to a review by Devlin et al. [14], energy 
under-reporting in dietary patterns defined using cluster analysis is a 
very important but understudied topic in the field of nutritional 
epidemiology. Therefore, in this study we address the question of the 
impact of energy under-reporting on the construction of dietary 
patterns using cluster analysis. We also investigate the impact of 
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energy under-reporting on secular trends in dietary patterns derived 
from cluster analysis. Secular trends in dietary patterns constructed 
using cluster analysis have mainly been studied in adolescents [74, 
75], and to date only two studies have been conducted in adults, as 
far as we are aware. The impact of energy under-reporting on secular 
trends in dietary patterns has not yet been explored in European 
populations [76, 77].  

We then investigate one of the fastest growing risk factors for CVD, 
abdominal obesity, and its association with diet. The prevalence of 
abdominal obesity has been found to increase rapidly between 
successive surveys in all populations studied [78-81]. The prevalence 
of abdominal obesity in the US adult population increased 
significantly from 46.4% (95%CI 42.1, 50.8) in 1999-2000 to 54.2% 
(95%CI 51.3, 57.0) in 2011-2012 [79], while that of general obesity 
did not [82]. The high prevalence of abdominal obesity is also a 
problem of the current generation of children and adolescents [83, 
84]. In addition to its high prevalence, waist circumference, which is a 
surrogate marker of abdominal obesity, has increased 
disproportionately with respect to general obesity in many countries 
[85, 86]. The increasing prevalence of abdominal obesity is a major 
concern for public health because abdominal obesity is strongly 
linked to CVD [87, 88]. Thus, identifying factors that lead to the 
development of abdominal obesity is a research priority. 

Diet is one of the main risk factors for abdominal obesity [89]. 
Caloric beverages represent a significant part of total dietary energy 
intake [90], and, of these, soft drinks have received most attention in 
the scientific community in relation to health outcomes. Several large 
prospective cohort studies have demonstrated the negative effect of 
soft drink consumption on CVD risk factors and CVD incidence [47, 
48, 91, 92]. In their RCT, Maersk et al. [93] showed a significant 
increase in visceral adipose tissue in a group consuming soft drinks 
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compared to groups consuming milk (31%, 95%CI 10, 53; p = 0.05), 
diet soft drinks (23%, 95%CI 3, 43; p = 0.14) or water (24%, 95%CI 4, 
44; p = 0.10). This issue is of particular concern in Spain where soft 
drink consumption increased significantly [94, 95]; Spain now has the 
highest per capita consumption of soft drinks of all southern 
European countries [96]. Therefore, we examined whether increased 
consumption of soft drinks is associated with abdominal obesity in 
the adult population in Spain. 

While soft drink consumption is known to be linked to abdominal 
obesity and other CVD risk factors, little is known about the 
association between dietary patterns and abdominal adiposity. The 
Mediterranean dietary pattern has received a lot of attention recently, 
and the most prominent results regarding the beneficial effect of this 
diet were obtained from the PREDIMED study [3], a 5-year 
intervention with the Mediterranean diet in individuals with high 
cardiovascular risk. In this study, the Mediterranean diet intervention 
group had up to 30% lower risk of major cardiovascular events than 
the low-fat diet group. Further, this study not only showed that the 
intervention group had less abdominal obesity than the control group 
[97], but also that the Mediterranean diet was associated with a less 
negative effect of abdominal fat accumulation, regardless of the level 
of abdominal adiposity [98]. However, before the presentation of data 
from this PhD research, little was known about impact of the 
Mediterranean diet on abdominal obesity. Some cross-sectional 
studies have found an inverse association [99], while others have not 
[100], and there was insufficient evidence from long-term cohort 
studies. Thus, we explored the association between abdominal 
obesity and the Mediterranean diet in 10-year Spanish population-
based cohort study. 

In the past five years, yogurt consumption has been a focus of 
research because of its probiotic properties. Numerous studies in 
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animals and humans have shown that probiotics protect against 
cardiovascular risk factors such as obesity, type 2 diabetes and 
dyslipidemia [101]. Two intervention studies of the effect of yogurt 
consumption on CVD risk factors have shown its beneficial effects on 
the lipid profile of diabetic and healthy participants [102, 103]. The 
few prospective studies that have examined the effect of yogurt and 
other probiotic dairy foods on CVD incidence and mortality have 
provided inconsistent results, and not all have specifically focused on 
the effects of yogurt [104-107]. Thus, the final aim of this PhD 
research was to investigate whether frequent yogurt consumption is 
associated with risk of CVD events and mortality in the Spanish 
population.
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The general aim of this PhD project was to study the association 
between diet and cardiometabolic health. To achieve this aim, we 
defined the following specific objectives: 

o Validity, reproducibility, and energy under-reporting. 
• To determine the predictive validity of the sDQS-derived 

DQI using simulation studies  
• To analyze the validity and reproducibility of dietary 

patterns derived from FFQ data and 24-hour recall as a 
reference method using cluster analysis. 

• To explore the impact of energy under-reporting on dietary 
patterns derived using cluster analysis. 

• To analyze the effect of energy under-reporting on secular 
trends in dietary patterns derived using cluster analysis. 

o Diet and abdominal obesity 
• To examine the association between changes in 

consumption of caloric beverages and changes in waist 
circumference. 

• To determine the risk of 10-year incidence of abdominal 
obesity, defined according to waist circumference 
thresholds, as a function of caloric beverage consumption 
and changes in beverage consumption patterns. 

• To explore the association between adherence to the 
Mediterranean diet and changes of waist circumference. 

• To determine the risk of 10-year incidence of abdominal 
obesity, defined according to waist circumference 
thresholds, as a function of adherence to the 
Mediterranean diet. 
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• To assess whether the final results varied according to the 
various strategies used to construct the Mediterranean diet 
index. 

o Diet and CVD events 
• To explore the association between yogurt consumption 

and incidence of CVD. 
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4.1. Study population 

 

Data were obtained from two population-based surveys from the 
Registre Gironí del Cor (REGICOR), conducted in Girona, north-east 
Spain, in 2000 and 2005, with re-examinations in 2009/10 and 2012, 
respectively. The baseline survey conducted in 2000 examined a 
randomly selected population-based sample of 3,058 men and 
women aged 25–74 years (participation rate: 71.0 %), using a two-
stage sampling method. All 2,715 non-institutionalized participants 
still residing in the catchment area were invited for re-examination in 
2009/10, of whom 2,181 attended (follow-up participation rate: 80.3 
%).  

The baseline survey of 2005 was conducted in a random sample of 
participants from the city of Girona (~70,000 inhabitants) and three 
surrounding rural towns, and included 6,352 non-institutionalized men 
and women aged >34 years (participation rate: 72.0%). In all surveys, 
selected participants were contacted by letter, and informed about 
the aims of the study and the tests to be performed. Participants were 
asked to fast for at least 10 hours before their appointment at the 
health examination site. They were provided with telephone number 
for inquiries. Participants, who provided a phone number, were 
contacted 1 week before the examination to confirm attendance. 
Participants who presented with acute myocardial infarct at baseline 
were excluded from the study. Hospitalized participants or those with 
missing data for key variables, such as physical activity, 
anthropometric measurements, or fasting glucose, also were 
excluded from the study. All participants gave signed informed 
consent to participate in the study, which was approved by the local 
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Clinical Research Ethics Committee (CEIC-PSMAR, Barcelona, 
Spain). The results of the examination were sent to all participants. 

During 63,814.88 person-years of follow-up, representing a median 
of 6.7 years per person, 336 CVD events were confirmed. 

 

4.2. Measurements 

 
All examinations were performed by a team of trained nurses and 

interviewers using the same standard questionnaires and 
measurement methods in all surveys. A calibrated precision scale 
was used for weight measurement with participants in underwear. 
Readings were rounded to the nearest 200 g.  Height was measured 
in the standing position and rounded to the nearest 0.5 cm. Body 
mass index (BMI) was calculated as weight divided by squared 
height (kg/m2).  

Blood pressure was measured using a periodically calibrated 
mercury sphygmomanometer. A cuff adapted to upper arm perimeter 
(obese, young, adult) was selected for each participant. After a 5-min 
rest, two measurements were taken at least 20 min apart, and the 
lowest value was recorded for the study.  

Blood was drawn after 10-14 h fasting, with less than 60-s duration. 
Aliquots of serum were stored at −80°C. Total cholesterol and 
triglyceride concentrations were determined enzymatically (Roche 
Diagnostics, Basel, Switzerland). High-density lipoprotein cholesterol 
(HDL-cholesterol) was measured as cholesterol after precipitation of 
Apo protein B-containing lipoproteins with phospho-tungstic-
Mg2+ (Boehringer, Mannheim, Germany). Analyses were performed 
using a Cobas Mira Plus autoanalyzer (Roche Diagnostics, Basel, 
Switzerland). Quality control was performed using External Quality 
Assessment – the WHO Lipid Program (WHO, Prague, Czech 
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Republic) and Monitrol-Quality Control Program (Baxter Diagnostics, 
Dudingen, Switzerland). Inter-assay coefficients of variation were 
2.5%, 4.5%, and 3.2% for total cholesterol, HDL-cholesterol, and 
triglycerides, respectively. Low-density lipoprotein cholesterol was 
calculated using the Friedewald equation when triglycerides were 
<3.4 mmol/l (300 mg/dl). The Minnesota leisure-time physical activity 
(LTPA) questionnaire validated for the Spanish population was used 
to assess the amount of LTPA performed during the previous year 
[108, 109]. A structured standard questionnaire was used to record 
smoking habits, and demographic and socio-economic data. 
Maximum educational level attained was dichotomized into primary 
school, and secondary school or university. 

Data on energy intake and food consumption were collected using 
a validated FFQ [110, 111] consisting of 166 food items, including 
alcoholic and non-alcoholic beverages. Participants were asked to 
estimate their usual intake during the preceding year, and had to 
choose from 10 frequency categories, ranging from never or less 
than once per month to >6 times per day. Medium servings were 
defined by natural (e.g. 1 apple, 1 slice) or household units (e.g., 1 
teaspoon, 1 cup). 

All dietary and energy intake and expenditure measurements were 
performed at both baseline and follow-up using the same protocol. 
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o Paper I. Validity of a sDQS-derived DQI to predict changes in 
anthropometric and cardiovascular risk factors: a simulation study. 

• Increased DQI at baseline was predictive of decreased 
BMI and waist circumference at follow-up. 

• Baseline DQI was inversely associated with serum 
triglyceride levels, total cholesterol, and the ratio of 
triglycerides to HDL-cholesterol.  

• Baseline DQI was directly associated with levels of HDL-
cholesterol at follow-up.  

o Paper II.  Modest validity and fair reproducibility of dietary 
patterns derived using cluster analysis. 

• Two dietary patterns, “fruit & vegetables” and “meat” were 
identified in all dietary data sources: FFQ baseline, FFQ 
follow-up and 24-hour dietary recall. 

• In cross-tabulation analysis, >60% of participants were 
consistently categorized in clusters derived from the two 
FFQs (reproducibility), and from the FFQ at follow-up and 
24-hour dietary recall (validity). 

• Spearman correlation analysis showed reasonable 
reproducibility and lower validity, especially for the “fruit & 
vegetables” dietary pattern. 

• The к statistic showed fair validity and reproducibility of the 
dietary patterns defined using cluster analysis. 

o Paper III. Effect of energy under-reporting on secular trends in 
dietary patterns in a Mediterranean population. 

• Three dietary patterns were identified using cluster 
analysis in both surveys: “healthy”, “mixed” and “western”. 

• The “mixed” dietary pattern was the most prevalent in both 
surveys. Exclusion of energy under-reporters resulted in a 
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marked decrease in the number of participants with a 
“mixed” dietary pattern in the REGICOR 2000 survey. 

• After excluding energy under-reporters from the analysis of 
dietary patterns, we observed higher consumption of 
healthy foods in the “mixed” pattern in the REGICOR 2000 
survey, and of unhealthy foods in the REGICOR 2005. The 
“healthy” dietary pattern did not change significantly, and 
the “western” was slightly affected. 

• After excluding energy under-reporters from the analysis of 
secular trends, changes in food groups between surveys 
increased in the “mixed” and “western” dietary patterns, 
but remained at the same level in the “healthy” dietary 
pattern. Those changes were characterized by an increase 
in consumption of unhealthy foods. 

o Paper IV. Soft drink consumption is positively associated with 
increased waist circumference and 10-year incidence of abdominal 
obesity in Spanish adults. 

• Consumption of soft drinks was positively associated with 
changes in waist circumference. Each 100 kcal increase in 
soft drink consumption was associated with a 1.1 cm 
increase in waist circumference over 10 years of follow-up. 

• Substitution of 100 kcal of soft drinks with 100 kcal of 
whole milk and juice was associated with a 1.3 cm and 1.1 
cm decrease in waist circumference, respectively, over 10 
years of follow-up.  

• Increased and sustained consumption of soft drinks was 
associated with a 1.5 cm and 1.2 cm increase in waist 
circumference, respectively, compared with non-
consumption over 10 years of follow-up. 
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• Increased consumption of soft drinks at baseline was 
associated with increased odds of 10-year incidence of 
abdominal obesity at follow-up. 

o Paper V. Impact of the Mediterranean diet on changes in 
abdominal fat and 10-year incidence of abdominal obesity in the 
Spanish population. 

• A higher Mediterranean diet index was inversely 
associated with waist circumference.  

• Greater adherence to the Mediterranean diet (top tertile of 
the index) was associated with decreased risk of 10-year 
incidence of abdominal obesity, although this association 
did not reach statistical significance. 

• Two Mediterranean diet indexes, one based on the tertile 
distribution of food group consumption in the study 
population, and another based on dietary 
recommendations, had similar results in the analysis of 
their association with waist circumference and incidence of 
abdominal obesity. 

o Paper VI. Yogurt consumption is negatively associated with 
cardiovascular disease events in Spanish adults 

• Daily consumption of any type of yogurt was associated 
with decreased risk of cardiovascular events. The 
association with incidence of stroke was stronger than that 
for incidence of myocardial infarction and angina. 
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ABSTRACT 
 
Background: Yogurt consumption is negatively associated with 

cardiovascular risk factors. However, little is known about the 
relationship between yogurt consumption and incidence of 
cardiovascular disease (CVD).  

Objective: We assessed the association between yogurt 
consumption and incidence of myocardial infarction, angina, stroke, 
and cardiovascular death.  

Design: Data were obtained from two population-based cohorts of 
the REGICOR study, including 9056 men and women with a medium 
follow-up of 6.7 years. Food consumption was estimated by a 
validated food frequency questionnaire and cardiovascular risk 
factors were measured. Cox regression models were used to 
estimate hazard ratios of cardiovascular events according to yogurt 
consumption.  

Results: A total of 336 participants had at least one confirmed 
cardiovascular event. Yogurt consumption was reported by 78.4% of 
the participants, with a median intake of 62.5g among yogurt eaters. 
Those who consumed at least 1 daily serving (125g) of yogurt 
reduced CVD incidence by 33% compared to non-consumers 
[hazard ratio (HR) 0.67; 95% confidence interval (CI), 0.47-0.94] 
independently of lifestyle and sociodemographic and cardiovascular 
risk factors. The inverse linear trend across yogurt consumption 
categories was significant (p =0.010). The association was stronger 
for low-fat (p=0.018) compared to full-fat yogurt (p=0.043). In 
contrast, neither total dairy nor milk or cheese consumption were 
significantly associated with CVD incidence [HR 0.89, CI 0.67,1.18; 
HR 0.97, CI 0.63,1.50; HR 0.95, CI 0.63,1.43; respectively]. 
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Conclusions: In this population-based study of Spanish men and 
women, yogurt consumption was negatively associated with risk of 
CVD events.  

 
INTRODUCTION 
 
Yogurt is one of 3500 types of fermented dairy products produced 

throughout the world. It has been part of the traditional diet in many 
different regions for thousands of years (1), and always has been 
considered part of a healthy diet (2). However, scientific interest in 
the benefits of this product in promoting cardiovascular health 
emerged much more recently. Until now, the debate focused on the 
beneficial properties of dairy products in general. For a significant 
period of time, excessive consumption of dairy products was 
considered harmful for the cardiovascular system because of a high 
level of saturated fats (3). Surprisingly, numerous studies then 
showed a protective effect of dairy products on cardiovascular risk 
factors and metabolic syndrome (4, 5). Furthermore, a protective 
association between both low-fat and high-fat dairy products and 
cardiovascular disease has been suggested (6). Dairy products are 
very diverse and, depending on the production process, the 
properties differ drastically. Yogurt also has its own specific 
characteristics. In addition to its properties in common with other 
dairy products, such as high content of calcium and proteins, yogurt 
differs because of its probiotic content and related aspects that make 
it especially attractive to study separately from other dairy products. 
Only a few studies have explored the association between yogurt 
consumption and CVD8, with inconsistent findings (7-10).  

We hypothesized a protective association between yogurt 
consumption and CVD events. Therefore, the objective of the study 
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was to analyze the relationship between yogurt consumption and 
CVD events in Spanish men and women. 

 
METHODS 
 
Study population 
Data were obtained from two population-based cross-sectional 

surveys conducted in Girona (Spain) in 2000 and 2005. The first 
survey included 3,058 randomly selected free-living men and women 
aged 25 to 74 years. The second survey included 6,352 men and 
women between 35 and 80 years old. The responds rate was 71.0% 
and 71.5% respectively. Participants who reported history of CVD 
(n=145), who participated in both surveys (n=28), and those with 
missing dietary data (n=181) were excluded from analysis. The final 
study was comprised of 9056 participants.    

The studies were approved by the institutional ethics committee 
(CEIC-IMAS, Barcelona, Spain), participants signed an informed 
consent, and results of the examination were sent to all participants.  

 
Outcomes 
Multiple sources were used to identify potential CVD cases, 

including self-report, re-examination, and data links to primary care 
records, hospital admissions, and regional and national mortality 
data. All non-fatal diagnoses were verified by examining the 
corresponding electronic medical record. Unstable angina during 
follow-up was diagnosed by the presence of angina symptoms 
without an abnormal increase in the cardiac enzymes or troponin and 
with the relevant changes in serial electrocardiograms. Alternatively, 
with or without electrocardiographic changes, a diagnosis was made 
when suggestive symptoms were recorded during the event and 
confirmed either by a positive coronary angiography (stenosis >70%) 
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or by a positive stress test with or without isotopic stress 
gammagraphy. Non-fatal stroke events were included regardless of 
their hemorrhagic or ischemic origin, data which were not universally 
collected. Fatal events were assessed in the same manner as non-
fatal cases for in-hospital deaths and by reviewing death certificates 
and autopsy results (available for approximately 15% of fatal events) 
for out-of-hospital deaths. Analyses considered the first 
cardiovascular event identified. 

 
Dietary assessment 
Dietary intakes were measured by a validated food frequency 

questionnaire (FFQ) (11) (12) administered by a trained interviewer. 
We collected usual intakes over the past year by a self-administered 
FFQ; participants indicated their usual consumption from a 165-item 
food and beverage list and chose one of 10 frequency categories 
that ranged from “never or <1 time/month” to “≥6 times/day”.  Intakes 
were converted to mean g/day using standard reference portion 
sizes. The consumption of full fat and low fat yogurt was recorded. 
One serving per day of yogurt consumption corresponds to 125g of 
yogurt.  

 
Measurement of non-dietary variables 
Information on demographic and socioeconomic variables, 

medical history, and smoking was obtained through standard 
structured questionnaires. Leisure-time physical activity was 
measured by the Minnesota leisure-time physical activity 
questionnaire, also administered by a trained interviewer. This 
questionnaire has been validated for Spanish men and women (13, 
14). 
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Anthropometric data 
Measurements were performed by a team of trained nurses and 

interviewers who used the same standard methods in both surveys. A 
precision scale of easy calibration was used for weight measurement, 
with participants in underwear. Misreporting of energy intake was 
calculated by the revised Goldberg method as previously reported 
(15). 

 
Laboratory measurements 
Blood was drawn after 10 to 14 hours fasting. Serum-sample 

aliquots were stored at -80ºC. Glycemia was measured in an aliquot 
of serum. Total cholesterol and triglyceride concentrations were 
determined enzymatically (Roche Diagnostics, Basel, Switzerland). 
High-density lipoprotein (HDL) cholesterol was measured after 
precipitation of apoprotein B-containing lipoproteins with 
phosphotungstic-Mg++ (Boehringher, Mannheim, Germany). 
Analyses were performed in a Cobas Mira Plus autoanalyzer (Roche 
Diagnostics, Basel, Switzerland) and quality was monitored with 
External Quality Assessment-WHO Lipid Program (World Health 
Organization, Prague, Czech Republic) and Monitrol-Quality Control 
Program (Baxter Diagnostics, Dudingen, Switzerland). Low-density 
lipoprotein (LDL) cholesterol was calculated by the Friedewald 
equation whenever triglycerides were <300 mg/dL.  

 
Blood pressure measurement 
Blood pressure was measured with a periodically calibrated 

mercury sphygmomanometer. A cuff adapted to upper arm perimeter 
(young, adult, obese) was selected for each participant. 
Measurements were performed after a 5-minute rest. Two 
measurements were taken and the lower value was recorded for the 
study. 
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Statistical analysis 
To compare baseline characteristics of participants according to 

categories of yogurt consumption (none or rare consumption, weekly, 
daily), ANOVA, Kruskal-Wallis test or Chi-squared test was 
performed, depending on normal or non-normal distributed or 
categorical distribution, respectively. To assess linear trend, 
polynomial contrasts or chi squared test were used for continuous 
and categorical variables, respectively.  

Multiple-adjusted Cox proportional hazards regression models 
were fitted to assess the association between yogurt consumption 
and the incidence of CVD, adjusting for potential confounding 
variables. Linear trend was tested by introducing a continuous 
variable as the independent variable of interest, assigning to each 
individual the median level of food consumption of their respective 
category. Secondary analysis was performed for the associations 
between incidence of CVD and milk, cheese, and all dairy products.  

Effect modification between yogurt consumption and sex, age, and 
cohort was tested using the likelihood ratio test for product-terms 
(interactions).  Proportional hazard assumption was assessed by the 
R package function {survival} cox.7ph.  Cubic spline analysis 
[ref:gam] was performed to test non-linear associations between log-
transformed consumption of yogurt and incidence of CVD, using the 
R package ‘gam’.  

To deal with missing cardiovascular risk variables (total cholesterol 
n= 269; LDL-C n= 426; HDL-C n= 290; glycemia n= 209; systolic 
blood pressure n= 22; diastolic blood pressure n=24, and smoking 
n= 132), we performed multiple imputation with all explanatory 
variables considered in the model as well as the response variable, 
using the R package ‘mice’. Multivariate models were then fitted to 
each of the 20 imputed data points computed from the multiple 
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imputation procedure and the results, i.e Hazard Ratios, were 
calculated by the R package ‘mitools’ [ref:mitools]. 

The assumption of normality in the regression models was 
assessed using the normal probability plot.  All p values were 2-
tailed. Differences were considered significant if p<0.05. Statistical 
analysis was performed using SPSS version 18.0. (SPSS Inc. 
Chicago, Ill., USA) and R version 3.0.2 [ref:R]. 

 
RESULTS 
 
During 6.7 years of median follow-up totaling 63841 person-years, 

336 confirmed fatal and non-fatal CVD events (112 strokes, 156 
myocardial infarctions and angina) were recorded.  

No significant interactions were observed for sex/yogurt (p=0.62), 
age/yogurt (p=0.26), and cohort/yogurt (p= 0.67).   

Yogurt consumption was reported by 78.4% (n=7100) of the 
population. Median yogurt intake of yogurt eaters was 62.5g/d 
(interquartile range 26.7-125).  

Women were more prone to yogurt consumption than were men 
(Table 1). Participants with higher consumption of yogurts were less 
likely to smoke, weighed slightly more, were higher educated, and 
had lower levels of triglycerides, fasting glucose, blood pressure and 
cardiovascular events, along with higher levels of HDL-cholesterol, 
compared to their peers who did not consume yogurts (Table 1). 

Furthermore, participants who consumed more yogurt also had 
higher consumption of vegetable, fruits, all dairy products, milk, 
cheese, fish and seafood, carbohydrates, proteins, calcium, dietary 
fiber, and total energy (Table 2). In contrast, they consumed less 
alcohol, cereals, meat, lipids, and mono- and polyunsaturated fatty 
acids (Table 2). 
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Total dairy, milk and cheese consumption levels were not 
significantly associated with CVD incidence (Figure 1). Daily 
consumption of yogurts decreased the risk of CVD up to 37% (HR 
0.62; 95% CI 0.47, 0.84) in a model adjusted for sex and age (Table 
3). Further adjustment for energy, fiber, calcium, saturated fatty 
acids, vegetable, red meat and derivatives (e.g., sausages), fish and 
seafood, energy over- and under-reporting, leisure-time physical 
activity, education, smoking, weight, triglycerides, total cholesterol, 
LDL cholesterol, HDL cholesterol, fasting glucose, and systolic and 
diastolic blood pressure slightly attenuated this association (HR 0.67; 
CI 0.47,0.94). The association was stronger for low-fat (p=0.018) 
compared to full-fat yogurt (p=0.043). The association was somewhat 
stronger for low-fat vs full-fat yogurt (Table 3).  Risk reduction by 
yogurt consumption was stronger for stroke, compared to myocardial 
infarction and angina (Table 4).   

We observed no evidence of non-linearity in the association 
between log-transformed yogurt intake and CVD incidence (Pcurvature 
value = 0.42); (Figure 1).  

 
DISCUSSION     
 
In the present study, we found that daily yogurt consumption 

significantly decreased CVD incidence. Furthermore, this association 
was similar for different types of CVD events and was independent of 
lifestyle, cardiovascular risk factors, and other dietary variables 
related to CVD. In contrast, milk and cheese consumption were not 
significantly associated with CVD risk reduction.  

Results from previous studies on the association between yogurt 
consumption and CVD are inconsistent. Three of four studies showed 
protective associations, but these were much weaker than in the 
present study. The 1999 analysis by Iso et al. (8) of the Nurses’ 
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Health Study was the first to  analyze the association between yogurt 
consumption, among other dairy products, and risk of stroke in 
women. They reported a 31% lower risk, albeit not significant, in 
incidence of ischemic stroke in participants consuming yogurt more 
than 4 times per week, compared to those who almost never ate 
yogurts. In the Netherlands Cohort Study (7), each 100ml increase in 
yogurt consumption per day was associated with a significant 
decrease of 32% and 30% of stroke mortality in men and women, 
respectively. Furthermore, yogurt consumption showed a weak but 
significant inverse association with the risk of all-cause mortality in 
men. Results of the Whitehall II study showed an inverse association 
of yogurt consumption and all-cause mortality. Additionally, the risk of 
coronary heart disease decreased with increasing cheese 
consumption. However, the significance of these associations 
disappeared in fully adjusted models (10). In contrast, Larsson and 
colleagues  (9)  reported a positive association between yogurt 
consumption and subarachnoid hemorrhage. A case-control study 
(16) showed that patients with ischemic stroke had consumed less 
probiotic yogurt with lactobacillus species (OR 0.88, p=0.001) than 
controls; this trend persisted in all ischemic stroke subtypes. 
Fermented dairy consumption was associated with lower risk of 
myocardial infarction (17), stroke (18), coronary events (18) and all-
cause mortality (19).  In the present study, yogurt consumption was 
protectively associated with stroke, myocardial infarction, and angina. 
Furthermore, the association of yogurt consumption and CVD was 
independent of the fat content of the yogurt.  

Many studies explain the beneficial properties of dairy products for 
cardiovascular health by their high calcium content (20). In the 
present study, yogurt consumption was associated with a healthy 
food and nutrient intake pattern, including calcium, and also with 
cardiometabolic health. However, adjustment for calcium, other foods 
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and nutrients related to CVD, and baseline cardiovascular risk factors 
did not affect the association between yogurt consumption and CVD 
events. The role of gut microbiota in the development of CVD is 
currently under discussion (21). Yogurt contains a high content of live 
and active probiotics, which offers a probable explanation of the 
beneficial effects observed because probiotics are what most 
distinguishes it from other dairy products (22). Both animal and 
human studies have shown that probiotics protect against various 
cardiometabolic risk factors such as obesity, type 2 diabetes, and 
dyslipidemia (23). They affect the human organism in at least three 
ways: alteration of gut microbiota, improvement of gut mucosa, and 
modification of the immune system (24). These mechanisms produce 
an anti-inflammatory effect that has a major impact on the 
development of various cardiovascular risk factors (25). Experimental 
evidence indicates that some probiotics interact with the nuclear 
receptor PPRA-γ (26), which has an important role in lipid and 
cholesterol metabolism. Probiotics also affect lipid metabolism and 
decrease the concentration of cholesterol and blood lipids through 
modification of bile acids recirculation (27), degradation of bile acids 
(28), and decreased synthesis of cholesterol in the liver (29). In 
addition, probiotics decrease blood pressure (30), presumably by the 
production of nitric oxide (31). Furthermore, several clinical studies 
demonstrated that daily consumption of 200-300 gr of yogurt or other 
dairy products fermented with probiotics, such as cheese, has 
substantial effect on reduction of cholesterol, abdominal obesity, 
fasting glucose, and other cardiovascular risk factors (32-35). 

Several studies have investigated the association between 
fermented dairy products (yogurt and cheese) and CVD  (7, 10, 19). 
The inverse association found between consumption of fermented 
dairy products and CVD was mainly explained by yogurt intake (7, 
10). Results of the present study agree with that finding, which seems 
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somewhat surprising if the association between yogurt consumption 
and CVD is mediated by the probiotic effect on gut microbiota. The 
explanation could be the different amounts of probiotics consumed 
from yogurts and from cheese. The median weekly yogurt 
consumption was four times that of cheese and only 1% consumed 
120g or more of cheese in the present study. Furthermore, one study 
demonstrated that cheese was less efficient than yogurt in successful 
delivery of probiotics to human intestine (36).  

The present study has limitations. Due to the nature of 
observational studies, causal relationships cannot be drawn. 
Furthermore, all dietary instruments that measure past food intake are 
vulnerable to random and systematic measurement errors. The 
study’s strengths are the population-based design, the use of 
validated assessment tools, and defining detailed, confirmed, clinical 
CVD end-points as the specific outcome.   

The present study adds further evidence for the protective 
association between yogurt consumption and CVD. The results 
demonstrate a promising potential of yogurt consumption as an 
important food item in healthy diets for CVD prevention. Clinical 
intervention studies are needed to confirm the beneficial properties of 
yogurt for cardiovascular health. 
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7.1. Main results 

 
This thesis research presents studies about dietary pattern 

analysis, and the association between CVD risk factors and events 
and dietary patterns, and two of their components, soft drinks and 
yogurt. This research was based on data from 2 population-based 
surveys carried out within the REGICOR study. In this discussion 
section, we will consider the results of the papers included in the 
thesis in more general terms, provide an update on current research 
in this area, and present a broader interpretation of the main findings.  

In this thesis research, we started with an exploration of 
methodological issues related to the dietary pattern approach. First, 
we demonstrated modest to good validity of a priori and a posteriori 
dietary patterns; second, we showed that energy under-reporting 
affected dietary patterns defined by cluster analysis, and secular 
trends in those dietary patterns; third, we showed that the incidence 
of abdominal obesity increased with higher consumption of soft 
drinks, and abdominal adiposity decreased with greater adherence 
to the Mediterranean dietary pattern; finally, we provided evidence of 
a beneficial relationship between yogurt consumption and CVD risk. 

 

7.2 Update on recent research in this area 

 

The sDQS is one of the few existing short assessment tools for 
estimating diet quality in adults. The simulation of answers on this 
screener in our study showed the good predictive validity of this tool. 
Most short dietary assessment tools, which to date have been 
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developed in different populations, present good validity and 
correlation with biomarkers and food diaries [112], and can therefore 
identify people with nutritional risk. These tools were designed for use 
in time-limited settings. To date, most short dietary assessment tools 
have been developed and validated in the US population [112], and 
are very convenient for both clinical settings and nutritional 
epidemiology. Thus, other countries have gradually developed and 
validated their own tools, adapted to needs and dietary habits of their 
population [45, 113, 114]. 

The validity of dietary patterns derived using cluster analysis is 
less well established than that of dietary indexes. All studies, 
including ours, have demonstrated modest to fair validity, although 
only one study used two different methods of dietary data collection 
to perform relative validity analysis[114], while the others analyzed 
internal validity [12, 115]. The validity of dietary patterns defined 
using cluster analysis has received even less attention than their 
reproducibility [14]. The results of several studies have shown good 
reproducibility of the dietary clusters [12, 115, 116], and we also 
showed fair reproducibility in our study. Thus, to date there is 
insufficient evidence to draw a clear general conclusion about the 
validity and reproducibility of dietary clusters, as only a few studies 
have assessed this issue. Further research is required to analyze the 
validity and reproducibility of dietary clusters using different methods 
for collecting dietary data and different algorithms for cluster analysis. 

Energy misreporting is a major concern for the analysis of dietary 
data [117]. There is little evidence on the effect of energy 
misreporting on the construction of dietary patterns, and secular 
trends therein [14].  Energy under-reporting is the most prevalent 
problem for energy misreporting, in that it affects not only 
consumption of nutrients, foods and food groups [118], but, as shown 
in our study, dietary patterns and secular trends in dietary habits. 
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Therefore, it also affects the diet-disease association, which makes it 
a serious challenge for nutritional epidemiology. This is especially 
problematic when analyzing the association between diet and obesity 
[119]. In our study we showed that conclusions about secular trends 
in dietary habits can be biased by energy under-reporting, which 
may lead to the development of misguided dietary guidelines and 
nutrition policies. Several studies have shown the effect of energy 
under-reporting on the association between diet and obesity, the 
exclusion of energy under-reporters changes the magnitude and 
even the direction of the association [120, 121]. Assessment methods 
should be improved in order to minimize the problem of implausible 
energy reporting. Modern computerized technologies will play an 
important role in reducing this problem, and in enhancing dietary 
assessment methods in general [117]. Considering the importance of 
implausible energy reporting, all further analyses carried out within 
this PhD research were controlled for this factor. In our study of the 
relationship between the Mediterranean diet and abdominal 
adiposity, the proportion of implausible energy reporters decreased 
with increased adherence to the Mediterranean dietary pattern. In the 
study of the association between soft drink consumption and 
abdominal obesity, one third of participants were categorized as 
implausible energy reporters, although this did not significantly affect 
the association between the exposure and the health outcome. 

High consumption of soft drinks and their important contribution to 
total energy intake in the usual human diet is a quite recent dietary 
trend [122]. Work in ours and other groups highlights the important 
impact of soft drinks consumption in the development of general and 
abdominal obesity. A recent prospective study in children and 
adolescents confirmed our findings in the adult population, 
demonstrating that soft drinks consumption is associated with 
increased waist circumference during three years of follow-up, 
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independently of general obesity [123]. The same analysis in 
plausible energy reporters revealed an even stronger association. 
Another new study performed a similar analysis to ours, namely the 
impact of substituting soft drinks with milk, juice or water on surrogate 
markers of general and central adiposity during 6 years of follow-up 
[124]. The investigators found a similar but slightly smaller magnitude 
of association for substitution with water and milk than in our studies, 
and no association with juice.  Furthermore, in a recent review from 
the same group, Zheng et al. [125] summarized the findings of 
several prospective studies and RCTs on the effect of substituting 
soft drinks with other beverages. They confirmed that consumption of 
milk, artificially sweetened beverages, tea, coffee, juice or water 
instead of soft drinks was associated with lower general and central 
obesity, and risk of type 2 diabetes and stroke in cohort studies, and 
with reduced general obesity, high blood pressure and fasting 
glucose in RCTs. There are various reasons for the adverse health 
effects of soft drinks consumption, from damaging metabolic 
processes such as induced de novo hepatic lipogenesis or insulin 
resistance [126], to an association with unhealthy lifestyles, such as 
increased sodium consumption and generally unhealthy dietary 
patterns [127]. In our study, higher consumption of soft drinks was 
significantly associated with lower adherence to the healthy 
Mediterranean dietary pattern. The opposite trend was observed for 
juice consumption, with higher juice intake associated with greater 
adherence to the Mediterranean diet. 

These results confirm that people with greater adherence to the 
Mediterranean diet are more likely to have a better lifestyle, and 
socioeconomic and anthropometric profile [128]. While healthy 
lifestyle habits are also a part of the traditional Mediterranean diet 
[129], the Mediterranean diet has been shown in many cohort studies 
and RCTs to be independently very effective in improving CVD risk 
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factor profile and risk of CVD events [130]. New evidence has 
recently been published regarding a major risk factor of CVD, 
abdominal obesity, and the Mediterranean diet. In the PREDIMED 
RCT, Eguaras et al. [98] showed that even participants with high 
abdominal adiposity in the Mediterranean diet intervention group did 
not show increased risk of major CVD events. In contrast, the control 
diet did not protect participants with increased abdominal adiposity 
from CVD events, indicating that the Mediterranean diet is not only 
associated with reduced abdominal adiposity and risk of abdominal 
obesity, as shown in our study, but also protects the body from the 
adverse effects of the most harmful type of obesity. Abdominal 
obesity is associated with a low-grade inflammatory state that 
increases risk of developing CVD risk factors and thereby CVD 
events. The Mediterranean diet improves this low-grade inflammatory 
state by decreasing circulating levels of inflammatory bio-markers 
[131]. In addition to all of the beneficial properties of the 
Mediterranean diet, it is also a highly palatable dietary pattern with a 
long history and strong tradition without any adverse secondary 
effects in comparison with modern pharmaceutical remedies. An 
additional advantage of this dietary pattern is its popular acceptance 
and easy adoption in large populations. Thus, the Mediterranean diet 
is a relatively cheap, non-pharmaceutical approach to the prevention 
of CVD and other metabolic diseases in public health. 

The traditional Mediterranean diet consists of many typical healthy 
foods consumed in Crete, including yogurt, which has been 
consumed for thousands years, but with little consideration of its 
beneficial health properties. The First Global Summit on the Health 
Effects of Yogurts was held in April 2013 with the aim of reviewing the 
existing scientific evidence on the health benefits of yogurt, 
promoting scientific research in this area, and disseminating 
information on the positive impact of yogurt on health in the general 
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public. Until recently, all dairy products have been considered 
together, without separation of fermented and not-fermented 
products. Despite their relatively high saturated fat content, dairy 
products have been shown to have a positive impact on CVD risk 
factors such as insulin resistance, type 2 diabetes, dyslipidemia, and 
high blood pressure, and on CVD itself [132, 133]. Dairy products 
provide very valuable nutrients and are an excellent source of 
calcium and protein. However, the probiotic properties of fermented 
dairy products have a very specific impact on human health, 
especially on human microbiota [101], and more research is required 
to determine the health benefits of yogurt. There is a need for studies 
in healthy and diseased individuals in all age groups to discover the 
mechanisms of action of yogurt on gut health and the microbiome, 
the relationship between health and consumption of yogurt and its 
components. 

 

7.3. Strengths and limitations of this research 

 
The main strength of this research is its design, a population-

based prospective cohort design with relatively long follow-up and a 
high participation rate at reexamination. All questionnaires used for 
collecting dietary and LTPA data were previously validated in the 
same population. 

This thesis research has several limitations. First, dietary data was 
collected using the FFQ; while this is a very convenient method for 
collecting dietary data in large surveys, it collects data retrospectively 
and provides only very general information about diet, with 
approximate amounts of foods consumed by the individual. The FFQ 
can suffer from recall bias, implausible energy reporting, and a lack 
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of information about certain foods or food types that are not included 
in the list. Second, the absence of intermediate measures of dietary 
habits during the study limited our analysis options. Third, the cross-
sectional and observational design of our studies also prevents us 
from establishing a causal relationship between diet and health. 
Fourth, the cluster analysis method also has intrinsic limitations, 
particularly the arbitrary decisions that the investigator has to make 
when deriving dietary patterns, including forming food group 
variables and naming the final dietary patterns.  

 

7.4. The dietary pattern approach and its application in 

public health 

 
The utility of investigating the association between health and 

specific nutrients or foods is widely recognized and has been verified 
by thousands of studies in this field. However, analysis of dietary 
patterns and their components is a relatively new approach in 
nutritional epidemiology, and it has several of its own advantages. In 
reality, people eat a great variety of foods every day, which delivers 
different combinations of nutrients that act at various levels of the 
organism in a synergistic or antagonistic way. Thus, it is difficult to 
separate out the effect of particular foods or nutrients on our health. 
For example, diets that are rich in vitamin C are also usually rich in 
carotenoids, polyphenols, potassium and fiber; similarly, diets that 
are rich in fruit are also usually rich in vegetables, whole grain cereals 
and plant oils. Thus, the apparent beneficial association between 
CVD risk and vitamin C and fruit could also be due to other 
components of the diet. 
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While investigators and health policy makers focus on the effects 
of specific nutrients on cardiovascular health, health care 
practitioners and the general public are likely to be confused by 
dietary guidelines and nutrient intake targets for preventing and 
managing their health. Thus, the dietary pattern approach is 
especially valuable for analysis of its association with the 
development of diseases such as CVD. Furthermore, the etiology of 
CVD is very complicated, and it is unlikely that a single nutrient would 
be responsible for its development [134]. The dietary pattern 
approach might improve understanding of diet-disease relationships 
and help to explore the complexity of diet, whereas analysis of a 
specific nutrient deals with only a limited aspect of this broad area of 
knowledge. Dietary pattern analysis accounts for the complex 
relationships between nutrients and foods, and intervention studies 
have confirmed that analysis of dietary patterns gives more reliable 
findings than the single nutrient approach, where the association with 
health outcome is significantly weaker [8, 22].  

Research into dietary patterns is becoming increasingly important 
for public health, as it is very easy to apply in the general population 
because of its simple interpretation and translation into dietary 
guidelines. Also, the dietary pattern approach, and hence the dietary 
recommendations based on dietary pattern analysis, is sensitive to 
ethnicity and can therefore be readily and naturally accepted by the 
general public. Dietary guidelines start to emphasize the importance 
of dietary patterns in preventing CVD.  

The benefits of the dietary pattern approach in assessing diet-
disease relationships are especially interesting for health care 
practitioners. Unfortunately, dietitians and nutrition specialists are not 
fully integrated within public health care systems, and family doctors 
are the only widely accessible specialists who can advises patients 
on healthy nutrition for the prevention and management of disease. 
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Moreover, patients usually consider their family doctor as the most 
trustworthy source of health information, including that on nutrition 
and diet. However, evidence suggests that even very supportive 
family doctors do not provide nutritional advice to their patients [135]. 
Among the barriers that prevent them from providing nutrition advice, 
family doctors mainly cite lack of time, counseling skills, information 
sources, the cultural adaptability of dietary guidelines, and the 
complexity and contrariety of dietary recommendations [136]. Thus, 
the dietary pattern approach provides an easy and convenient tool 
for family doctors to give useful advice about healthy nutrition to their 
patients. 

 

7.5. Future perspectives 

 
CVD mortality remains the most important health problem 

worldwide. Even with the decreasing prevalence of CVD in 
developed countries, the prevalence of CVD risk factors such as 
general and abdominal obesity and type 2 diabetes continues to rise. 
In light of intensive research in this area, it is now known that diet is a 
fundamental modifiable risk factor for CVD prevention. To date, 
abundant scientific evidence has been gathered from cohort and 
intervention studies regarding the strong association between diet 
and health, and the notable benefits of a healthy diet for risk of non-
communicable diseases such as CVD. 

There are now a number of important research priorities in this 
area: 

First, a greater effort is required to deal with methodological 
issues. The dietary pattern approach is becoming increasingly 
popular, although there are no clear methodological standards for 
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constructing dietary patterns. In particular, a posteriori dietary 
patterns lack standard and formalized procedures for every process 
action. Data measurement errors and variables associated with 
dietary patterns may affect the reliability of the analysis, and should 
be explored in more detail; for example, implausible energy 
reporting, data collection methods, specificity for ethnicity, health 
status, and lifestyle and social status. Public health authorities should 
encourage research in this area, as these issues are currently 
receiving little attention. Without rigorous research in this area, it will 
be difficult to obtain scientifically rigorous results from observational 
and intervention studies on dietary patterns.  

Second, interventions based on dietary patterns and their 
components should use approaches that are subsequently easy to 
implement in a free-living population. These interventions are not only 
needed to extend knowledge on the mechanisms of action of 
nutrients, foods and dietary pattern on health, but also to reinforce the 
development of public health policies for healthy eating, which should 
shift focus from nutrient-based dietary recommendations to a holistic 
dietary pattern approach. Well-designed interventions with dietary 
pattern have two major difficulties, their significant cost and the 
complexity of implementing lifestyle changes in free-living 
populations. To obtain accurate results, interventions must overcome 
resistance to life-style modifications and inter-individual variability in 
dietary consumption. Furthermore, disease end-points should ideally 
be the primary outcome, and the intervention should include the 
whole dietary pattern. An excellent example of this kind of 
interventions is the PREDIMED study [3]. 



   

 
 
 
 
 

 

 

 

 

8. Conclusions 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 8. Conclusions 
 

   165 

o The sDQS-derived DQI showed good predictive validity. 
Therefore, it is a useful tool for identifying individuals who benefit 
most from dietary intervention. 
o Dietary patterns derived using cluster analysis from a previously 
validated FFQ show modest validity and fair reproducibility. 
o Energy under-reporting affects post-hoc dietary patterns derived 
using cluster analysis, as well secular trends based on those dietary 
patterns 

• Energy under-reporting did not affect the structure of the 
dietary patterns, but did have an impact on the distribution 
of participants and consumption between clusters within 
the same survey 

• Excluding energy under-reporters from the analysis of 
secular trends increases the apparent level of 
consumption of unhealthy foods 

o Greater adherence to the Mediterranean diet was associated with 
decreased abdominal adiposity, but not with the incidence of 
abdominal obesity over 10 years 

• There were no significant differences in results between 
the two types of Mediterranean diet index, that based on 
the tertile distribution of food group consumption in the 
study population, and that based on dietary 
recommendations 

o Consumption of soft drinks was directly associated with the 
development of abdominal adiposity and the incidence of abdominal 
obesity over 10-years 

• Substitution of soft drinks with whole milk or juice was 
associated with a decrease in waist circumference  

o Among all dairy products, only frequent consumption of any type 
of yogurt was associated with decreased incidence of cardiovascular 
events. This association was somewhat stronger for stroke than for 
coronary artery disease. 
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Online supporting material for Paper II  

Modest validity and fair reproducibility of dietary patterns 
derived by cluster analysis. 

Supplemental Table 4a. FFQ1 x FFQ2 (2x2) tables of 
participants. Reproducibility analysis 
    FFQ 2 

Total 
    Fruit & 

Vegetables Meat  

FFQ 1 
Fruit & 
Vegetables 52 14 66 

Meat  20 16 36 
Total 72 30 102 

 

Supplemental Table 4b. 24-HDR x FFQ2 (2x2) tables of 
participants. Validation analysis 
    FFQ 2 

Total     Fruit & 
Vegetables Meat  

24-HDR 
Fruit & 
Vegetables 54 16 70 

Meat  18 15 33 
Total 72 31 103 

 

Supplemental Table 4c. 24-HDR x FFQ1 (2x2) tables of 
participants. Descriptive analysis 
    FFQ 1 

Total     Fruit & 
Vegetables Meat  

24-HDR 
Fruit & 
Vegetables 53 19 72 
Meat  13 21 34 

Total 66 40 106 
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Online supporting material for Paper IV 

Soft drink consumption is positively associated with 
increased waist circumference and 10-year incidence of 
abdominal obesity in Spanish adults. 

 
Supplemental Table 1. Stratified by gender linear regression analysis 
of association between changes in waist circumference (cm) and 
beverage consumption (100 mL units)1 

Variables 
Men Women 

β 95% C.I. p β 95% C.I. p 
Separate analysis 
Juices -0.13 (-1.13; 0.87) 0.8 0.06 (-0.95; 1.07) 0.9 

Whole milk -0.44 (-1.06; 0.18) 0.17 
-

0.03 
(-0.69; 0.63) 0.92 

Skimmed/Lo
w-fat milk 

0.37 (-0.43; 1.16) 0.37 0.27 (-0.45; 0.98) 0.46 

Soft drinks 0.96 (-0.14; 2.06) 0.09 1.31 (-0.23; 2.86) 0.1 
Mutually adjusted model 
Juices -0.25 (-1.26; 0.76) 0.63 0.06 (-0.95; 1.07) 0.91 
Whole milk -0.38 (-1.02; 0.26) 0.25 0.06 (-0.63; 0.74) 0.87 
Skimmed/Lo
w-fat milk 

0.27 (-0.55; 1.08) 0.52 0.3 (-0.45; 1.04) 0.44 

Soft drinks 0.97 (-0.14; 2.08) 0.09 1.32 (-0.23; 2.86) 0.1 
1Adjusted for age (years; continuous), baseline waist circumference 
(cm; continuous), smoking (yes/no; dichotomous), energy intake (kcal; 
continuous), alcohol consumption (g; continuous), educational level 
(more than primary school yes/no; dichotomous), LTPA (METs·min/d; 
continuous) and energy under and over-reporting (both yes/no; 
dichotomous) 
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Supplemental Table 3. Association between caloric beverage 
consumption and odds of 10 year incidence of abdominal obesity 
in men and women.1 
  Men (n=756) Women (n= 723) 
  OR (95% CI) OR (95% CI) 
Soft drinks   
No consumption 1 1 
> 0 < 200mL 1.03 (0.63;1.69) 1.39 (0.94;2.05) 
≥ 200mL 1.62 (0.83;3.14) 1.64 (0.74;3.64) 
P for trend 0.31 0.07 
   
Whole milk   
No consumption 1 1 
> 0 < 200mL 1.32 (0.74;2.38) 1.90 (1.13;3.20) 
≥ 200mL 1.25 (0.75;2.08) 1.21 (0.78;1.88) 
P for trend 0.34 0.2 
   
Skimmed/ Low-fat milk  
No consumption 1 1 
> 0 < 200mL 0.67 (0.35;1.31) 0.85 (0.47;1.54) 
≥ 200mL 0.77 (0.46;1.28) 0.95 (0.66;1.35) 
P for trend 0.18 0.69 
   
Juice   
No consumption 1 1 
> 0 < 200mL 1.15 (0.72;1.82) 0.87 (0.60;1.30) 
≥ 200mL 1.23 (0.64;2.36) 0.53 (0.35;1.00) 
P for trend 0.62 0.027 

1Logistic regression models adjusted for sex (men/women; 
dichotomous), age (years; continuous), and baseline waist 
circumference (cm; continuous), smoking (yes/no; dichotomous), 
energy intake (kcal; continuous), educational level (more than 
primary school yes/no; dichotomous), LTPA (METs·min/d; 
continuous), modified Mediterranean diet score (continuous)  and 
energy under and over-reporting 
 (both yes/no; dichotomous).  
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Supplemental Figure 1. Estimated changes in waist 
circumferences based on spline regression (95% confidence interval 
= dotted lines) according to beverage consumption in Spanish 
adults.  Models were adjusted for age, sex, baseline waist 
circumferences, energy intake, educational level, leisure-time 
physical activity, modified Mediterranean diet score, and energy 
under and over-reporting. A = Soft drinks, B= Juice, C = Whole milk, 
D= Skimmed/Low-fat milk. 

A. Non linear p value = 0.83               B. Non linear p value = 0.25 

 
C. Non linear p value = 0.80               D. Non linear p value = 0.42 
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Summary 

Anna N. Funtikova graduated in Biology from Nizhegorodsky State 
University in Russia in 2009. She obtained a Masters Degree in 
“Nutrition and Metabolism” from the University of Barcelona in 2011. 
After obtaining the FPU pre-doctoral fellowship (AP2010-3198) from 
the Spanish Ministry for Education in 2011, Anna continued her 
research career by joining the PhD program in “Food and Nutrition” at 
the university of Barcelona and IMIM (Hospital del Mar Medical 
Research Institute). As part of her PhD studies, Anna did two 3-
months research stays outside Spain in 2014. The first, financed by a 
Eurolife grant for foreign research stays, was with Dr. Renée de 
Mutsert at Leiden University Medical Centre and focused on 
Metabolically Healthy Obesity and diet. The second, financed by and 
additional scholarship from FPU, was with Dr. Joan Sabaté at the 
Loma Linda University School of Public Health and focused on 
vegetarian diet in adolescents, obesity and puberty. 

Additional publications related to the thesis 
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Schröder H. Impact of diet on cardiometabolic health in 
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metabolically healthy obesity be explained by diet, 
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study, and both can be considered first authors of this 
article.] 
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