
245© Springer International Publishing Switzerland 2015
A. Bendich, R.J. Deckelbaum (eds.), Preventive Nutrition, 
Nutrition and Health, DOI 10.1007/978-3-319-22431-2_13

     Keywords     Cardiovascular disease   •   Cluster analysis   •   Dietary pattern   •   Diet index   •   Diet quality   
•   Diet score   •   Factor analysis       

    Chapter 13   
 Diet Quality and Cardiovascular Disease Prevention       

     Janice     L.     Atkins      and     S.     Goya     Wannamethee    

        J.  L.   Atkins      (*) •    S.  G.   Wannamethee      
  Department of Primary Care and Population Health ,  University College London Medical School , 
  Royal Free Campus, Rowland Hill Street ,  London   NW3 2PF ,  UK   
 e-mail: janice.atkins.11@ucl.ac.uk; g.wannamethee@ucl.ac.uk  

 Key Points 

•     In recent years the focus of dietary research has shifted from single nutrients and food items to 
overall diet quality and dietary patterns.  

•   Two main approaches have been developed to assess diet quality: hypothesis-driven (a priori) 
approaches which generate diet scores and indexes and data-driven (a posteriori) approaches such 
as factor analysis and cluster analysis.  

•   Epidemiological evidence shows that high diet quality (assessed using both diet scores/indexes and 
data-driven approaches) is associated with reduced cardiovascular risk.  

•   Strong evidence from randomized controlled trials and prospective cohorts have found protective 
effects of adherence to healthy diet scores, including the Mediterranean diet and the Dietary 
Approaches to Stop Hypertension diet, on cardiovascular risk factors and incidence of cardiovas-
cular disease.  

•   Studies using data-driven dietary patterns have frequently identifi ed Healthy/Prudent and 
Unhealthy/Western dietary patterns, with adherence to the former diet generally associated with 
reduced risk of cardiovascular disease.    

    Introduction 

 Cardiovascular disease (CVD) is the biggest cause of death and disability worldwide [ 1 ,  2 ]. CVD is largely 
preventable and much focus of prevention efforts has turned to promoting healthy lifestyle behaviors, 
including a healthy diet which is well established in reducing the risk of CVD [ 1 ,  3 – 5 ]. A recent American 
Heart Association statement identifi ed a healthy varied diet as an essential behavior for ideal cardiovascular 
health [ 6 ]. Historically, studies investigating the associations between diet and CVD have focused on single 
foods items or specifi c dietary nutrients.    However, this approach has several  limitations  ; it does not take 
into account the fact that foods are eaten in combination, interactions and synergies between nutrients are 
likely to exist, the effects of single nutrients may be too small to detect, and single nutrient analysis may be 
confounded by the effects of overall dietary patterns [ 7 – 9 ]. In recent years the focus of nutritional 
epidemiology has shifted towards examining overall dietary patterns to refl ect the complex and 
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multidimensional nature of diets consumed in the population, to examine the cumulative effects of the 
consumption of various foods/nutrients and to refl ect real world dietary preferences. 

 Two main approaches have been developed to assess diet quality: (1) Hypothesis-oriented or theo-
retically defi ned  approaches   which are a priori in nature, since they use available scientifi c evidence 
to generate predefi ned dietary scores or indexes based on dietary recommendations or guidelines and 
(2) Data-driven or exploratory  approaches   which are a posteriori in nature, since dietary patterns are 
derived from the available data based on factor analysis, such as  principal component analysis  , or 
cluster  analysis   (Fig.  13.1 ) [ 8 ,  10 ].

   This chapter will review the current evidence from prospective cohort studies and randomized 
controlled trials (RCTs) on the associations between diet quality, measured using  a priori  and 
 a posteriori  approaches, and the risk of CVD.  

    A Priori-Defi ned Dietary Patterns and CVD Prevention 

 A variety of diverse  a priori -defi ned dietary scores and indexes have been developed to assess overall 
diet quality, based on adherence to healthy diet patterns or adherence to national or international 
dietary guidelines [ 4 ,  9 ,  11 ,  12 ]. Evidence of the relationship between some of the most commonly 
used scores and indexes and CVD will be presented here. 

      Mediterranean Diet  Score      

 A ‘Mediterranean diet’ refl ects the dietary patterns characteristic of several olive growing countries in 
the Mediterranean Basin in the early 1960s including Greece, southern Italy, and Spain [ 13 ]. It was 
fi rst defi ned by Ancel Keys in the Seven Countries Study who observed lower incidence of CVD in 
some Mediterranean countries and hypothesized this was due to the dietary habits of these popula-
tions [ 14 ]. The traditional Mediterranean diet is characterized by an abundant consumption of olive 
oil as the main source of dietary lipids, a high consumption of fruit, vegetables, legumes, cereals, and 
nuts, a moderate to low consumption of fi sh, dairy, and wine (consumed with meals), and a low con-
sumption of meat and meat products [ 13 ] (Fig.  13.2 ). The Mediterranean Diet Score (MDS) is one of 
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  Fig. 13.1    Methods to derive dietary patterns. Adapted from Schulze et al. [ 8 ]       
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the most commonly researched predefi ned dietary patterns and is based on adherence to a combina-
tion of food items characteristic of a Mediterranean-style diet. The MDS was fi rst developed by 
Trichopoulou et al. in 1995 [ 15 ] and later revised to include fi sh intake [ 16 ]. The MDS ranges from 0 
(minimal adherence) to 9 (maximal adherence). Further details of the components of the MDS and its 
scoring can be found in Table  13.1 .

    Since the original MDS was defi ned, several modifi ed versions have been used [ 17 ], but regardless 
of the slight variations in scores, the association with CVD has shown consistent benefi cial results 
across studies. Numerous prospective cohort studies, based in European and North American adult 
populations, have shown consistent protective effects of adherence to a Mediterranean diet on the risk 
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  Fig. 13.2    Mediterranean diet pyramid (Adapted from the Supreme Scientifi c Health Council, Ministry of Health and 
Welfare Greece [ 25 ])       

   Table 13.1    Mediterranean Diet Score (MDS) components and scoring a    

 Component  Score = 0  Score = 1 

 Vegetables  < Median intake  ≥ Median intake 

 Legumes  < Median intake  ≥ Median intake 

 Fruit and nuts  < Median intake  ≥ Median intake 

 Cereals  < Median intake  ≥ Median intake 

 Fish and seafood  < Median intake  ≥ Median intake 

 Monounsaturated/saturated lipids ratio  < Median intake  ≥ Median intake 
 Meat and meat products  ≥ Median intake  < Median intake 

 Dairy products  ≥ Median intake  < Median intake 

 Ethanol  Men: <10 g/day or >50 g/day  Men: 10–50 g/day 

 Women: <5 g/day or >25 g/day  Women: 5–25 g/day 

 Total score  0  9 
   a MDS components and scoring as used by Trichopoulou et al. [ 15 ,  16 ]  
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of CVD. A systematic review and meta-analysis carried out by Sofi  et al. in 2010, which pooled data 
from 18 cohorts (including more than two million subjects and 50,000 deaths or incident cases), 
showed that a two-point increase in the MDS was associated with a 10 % reduction in CVD incidence 
and mortality [pooled relative risk (RR): 0.90, 95 % confi dence interval (CI): 0.87–0.93] [ 18 ]. This 
was followed up by Martinez-Gonzalez et al. in 2014, which included seven more recent prospective 
studies, including separate estimates for both men and women, and showed highly consistent results. A 
two- point increase in the MDS was associated with a 13 % relative reduction in the incidence of CVD 
events (pooled RR: 0.87, 95 % CI: 0.85–0.90) [ 19 ]. There is also evidence that a Mediterranean-style 
diet is effective in reducing the risk of CVD in older adult populations. A recent review in elderly 
cohorts (aged 65 years or older) identifi ed 20 studies assessing the relationship between the Mediterranean 
diet and cardiovascular disease, and found that such a diet had benefi ts on incidence of myocardial 
infarction (MI), cardiovascular mortality, and cardiovascular risk factors [ 20 ]. A recent systematic 
review assessed association between a Mediterranean diet and cardiovascular risk factors and suggested 
that possible causal mechanisms underlying the protective effects of a Mediterranean diet on CVD 
include improvements in blood lipid profi le, and a reduction of blood pressure, insulin resistance, and 
infl ammatory markers [ 21 ]. 

 The strongest evidence of a causal association between adherence to a Mediterranean diet and the 
prevention of CVD comes from two RCTs. The Lyon Diet Heart Study, a randomized secondary pre-
vention trial in over 600 French survivors of a fi rst MI, compared an intervention of a Mediterranean 
diet to a control group receiving standard dietary advice [ 22 ]. Interim analysis after 27 months showed 
a 76 % reduction in major coronary events in the Mediterranean diet group [ 22 ] and this protective 
effect was maintained up to 4 years after the fi rst MI [ 23 ]. In a large multicenter randomized primary 
prevention trial in Spain (PREDIMED), over 7000 individuals at high cardiovascular risk were allo-
cated to one of three diets: a Mediterranean diet supplemented with mixed nuts, a Mediterranean diet 
supplemented with extra-virgin olive oil, and a control group receiving advice to reduce dietary fat 
[ 24 ]. The risk of major cardiovascular events was reduced by 30 % in the Mediterranean diet and olive 
oil group and by 28 % in the Mediterranean diet and nuts group at 4.8 years of follow-up, at which 
point the trial was stopped on the basis of these results. A recent review of the evidence of an associa-
tion between adherence to a Mediterranean diet and the risk of CVD used meta-analysis to combine the 
results from these two aforementioned trials, showing a pooled CVD risk reduction of 38 % after 
intervention with a Mediterranean diet (RR: 0.62, 95 % CI 0.40–0.85) [ 19 ].    

    Dietary Approaches to Stop Hypertension 

 The Dietary Approaches to Stop Hypertension ( DASH     ) diet is well established in the prevention and 
control of hypertension. This dietary pattern is rich in fruits, vegetables, and low-fat dairy products, 
includes whole grains, legumes, fi sh, poultry, and nuts, and is limited in sugar-sweetened foods, red 
meat, and added fats. Further details of the components of DASH can be found in Table  13.2 . RCTS 
have shown the DASH dietary pattern to lower  systolic blood pressure (SBP)   and diastolic blood pres-
sure (DBP)    by 5.5 and 3.0 mmHg, respectively [ 26 ]. As well as decreasing SBP and DBP, RCTs have 
also shown DASH improves other CVD risk factors. A meta-analysis of RCTs found that an interven-
tion with the DASH diet resulted in signifi cant reductions in total cholesterol (−0.20 mmol/L, 95 % 
CI: −0.31, −0.10) and low density lipoprotein cholesterol (−0.10 mmol/L, 95 % CI −0.20, −0.01) [ 27 ].

   In addition to examining cardiovascular risk factors, many studies have also assessed the associa-
tions between adherence to the DASH dietary pattern and the incidence of CVD. A recent systematic 
review identifi ed six such prospective cohort studies and pooled analysis showed that a DASH-style 
diet signifi cantly reduced the risk of CVD, coronary heart disease (CHD), stroke, and heart failure by 
20 %, 21 %, 19 %, and 29 %, respectively [ 28 ].  
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    Healthy Eating Index 

 The Healthy Eating Index ( HEI     ) was originally proposed by the United States Department of 
Agriculture to measure adherence to Dietary Guidelines for Americans and the Food Guide Pyramid 
[ 30 ]. The HEI is a 10-component system made up of fi ve food groups (grains, fruit, vegetable, milk, 
and meat), four nutrients [total fat, saturated fatty acids (SFA), cholesterol, and sodium], and a mea-
sure of diet variety, with a total possible 100-point score. McCullough et al. developed a modifi ed 
version of this score, the  Alternative Healthy Eating Index (AHEI)  . The AHEI was designed to 
assess intake of food groups and macronutrient sources associated with reduced chronic disease risk, 
and compared to the HEI it distinguishes quality within food groups and acknowledges the health 
benefi ts of unsaturated oils [ 31 ]. The AHEI consists of nine components with a possible score from 
2.5 to 87.5. Further details of the components of the AHEI and its scoring can be found in Table  13.3 .

   A study in two large American cohorts prospectively compared the two scores and found that 
AHEI was better at predicting CVD risk than the original HEI. Men from the Health Professionals’ 
Follow-up Study and women from the Nurses’ Health Study, with AHEI scores in the top com-
pared to the bottom quintile had a 39 % and a 28 % reduction in CVD risk, respectively [ 32 ]. 
Similarly, in the Whitehall II study, British adults in the top compared to the bottom tertile of 
AHEI score showed a 42 % reduction in the risk of CVD mortality after controlling for potential 
confounders [ 33 ].  

   Table 13.2    Dietary Approaches to Stop Hypertension (DASH) dietary pattern components a    

 Component  Servings 

 Whole grains  6–8 Servings/day 

 Vegetables  4–5 Servings/day 

 Fruits  4–5 Servings/day 

 Fat-free or low-fat milk products  2–3 Servings/day 

 Lean meats, poultry, and fi sh  <6 oz/day 

 Nuts, seeds, and legumes  4–5 Servings/day 

 Fats and oils  2–3 Servings/day 

 Sweets and added sugar  ≤5 Servings/day 
   a Adapted from Lichtenstein et al. [ 29 ]  

   Table 13.3    Alternative Healthy Eating Index (AHEI) components and scoring a    

 Component  Score = 0 b   Score = 10 b  

 Vegetables (servings/day)  0  5 

 Fruit (servings/day)  0  4 

 Nuts and soya protein (servings/day)  0  1 

 Ratio of white to red meat  0  4 

 Cereal fi bre (g/day)  0  15 

  trans  Fat (% of energy)  ≥4  ≤0.5 

 Ratio of polyunsaturated fatty acids to 
saturated fatty acids 

 ≤0.1  ≥1 

 Duration of multivitamin use c   <5 years  ≥5 years 

 Alcohol (servings/day)  Men: 0 or >3.5  Men: 1.5–2.5 

 Women: 0 or >2.5  Women: 0.5–1.5 

 Total score  2.5  87.5 
   a AHEI components and scoring as used by McCullough et al. [ 31 ] 
  b Minimum score is 0. Maximum score is 10. Intermediate intakes are scored proportionately 
between 0 and 10 
  c For multivitamins, the minimum score is 2.5 and the maximum score is 7.5  
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      Healthy Diet Indicator 

 The Healthy Diet Indicator ( HDI     ) is another  a priori -defi ned dietary score which was developed 
by Huijbregts et al. and is based on adherence to World Health Organization dietary guidelines 
for the intake of nutrients and food components [ 3 ,  34 ]. The HDI consists of nine components 
(SFA; polyunsaturated fatty acids [PUFA]; protein; complex carbohydrates; dietary fi bre; fruit and 
vegetables; pulses, nuts, and seeds; monosaccharides and disaccharides; and cholesterol), each 
scoring one if the dietary guideline is met and zero otherwise, resulting in a total score range from 
0 to 9. Further details of the components of the HDI and its scoring can be found in Table  13.4 . 
The HDI has been shown to be inversely associated with cardiovascular mortality risk in older 
European men, with an 18 % risk reduction in the group with the highest HDI score [ 34 ]. Similarly, 
associations have also been found in Eastern European populations, with a 10 % reduction in CVD 
mortality risk and a 15 % reduction in CHD mortality risk per one standard deviation increase in 
HDI score [ 35 ].

   However, associations of the HDI with CVD risk have been inconsistent across studies. Findings 
from elderly male cohorts in Sweden and Britain have shown no association between HDI and CVD 
mortality [ 36 ,  37 ] and in Dutch adults from the European Prospective Investigation into Cancer and 
Nutrition (EPIC-NL), no association was found between HDI and CVD incidence [ 38 ].    

    Other A Priori-Defi ned Dietary Patterns 

 In addition to some of the most commonly used scores and indexes mentioned above, there are other 
less widely used dietary scores which have been developed, and in some cases tailored for specifi c 
populations or countries or designed to evaluate prevention efforts for specifi c diseases [ 12 ]. 

 It has been suggested that recall of usual dietary behaviors may be less prone to recall errors than 
specifi c types or amounts of food consumed and an alternative approach to assessing healthy dietary 
patterns is the  dietary behavior score (DBS)  . The  DBS   is based on the usual consumption related to 
recommended dietary behavior, including consumption of fruit, vegetables, whole grains, low-fat 
dairy, and low-fat meats. In the American Association of Retired Persons Diet and Health Study, 
participants in the highest quintile of the DBS, compared to the lowest had a 23–30 % lower risk of 
CHD mortality [ 39 ].   

   Table 13.4    Healthy Diet Indicator (HDI) components and scoring criteria a    

 Component  Score = 0  Score = 1 

 Saturated fatty acids (% energy)  >10  0–10 

 Polyunsaturated fatty acids  (% energy)  <3 and >7  3–7 

 Protein (% energy)  <10 and >15  10–15 

 Complex carbohydrates (% energy)  <50 and >70  50–70 

 Dietary fi bre (g/day)  <27 and >40  27–40 

 Fruits and vegetables (g/day)  <400  >400 

 Pulses, nuts, seeds (g/day)  <30  >30 

 Monosaccharides and disaccharides (% energy)  >10  0–10 

 Cholesterol (mg/day)  >300  0–300 

 Total score  0  9 
   a HDI components and scoring as used by Huijbregts et al. [ 34 ]  
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     A  Posteriori-Defi ned Dietary Patterns   and CVD Prevention 

 Many studies have used data-driven or exploratory approaches to assess overall diet quality and the 
two predominant approaches are factor analysis, such as principal component analysis, and cluster 
analysis [ 4 ,  9 ,  40 ]. Factor analysis or  principal component analysis   identifi es foods that are frequently 
consumed together and aggregates food items or groups on the basis of the degree of correlation with 
one another [ 8 ,  10 ]. Cluster analysis derives dietary patterns based on differences in dietary intakes 
between individuals who are separated into mutually exclusive groups [ 7 ,  10 ]. In factor analysis, 
individuals are scored based on their degree of adherence to each derived dietary pattern, whereas in 
cluster analysis individuals are assigned to one cluster only. Typical dietary patterns derived by such 
methods tend to include healthy or prudent and unhealthy or Western style patterns. 

 In the Nurses’ Health Study, factor analysis identifi ed two major dietary patterns—prudent 
(characterized by higher intakes of fruits, vegetables, legumes, fi sh, poultry, and whole grains) and 
Western (characterized by higher intakes of red and processed meats, sweets and desserts, French 
fries, and refi ned grains) [ 41 ]. The prudent diet score was associated with a reduced risk of CHD 
(quintile 5 vs. quintile; 1 RR: 0.76, 95 % CI: 0.60–0.98) and the Western diet was associated with an 
increased risk of CHD (quintile 5 vs. quintile; 1 RR: 1.46, 95 % CI: 1.07–1.99). Similarly, the 
EPIC-NL study used principal component analysis to identify a prudent pattern (high intakes of fi sh, 
high-fi bre products, raw vegetables, and wine) and a Western pattern (high consumption of French 
fries, fast food, low-fi bre products, other alcoholic drinks and soft drinks with sugar) and found that 
the prudent pattern was associated with a reduced risk of CHD (hazard ratio (HR) for extreme quar-
tiles: 0.87, 95 % CI: 0.75–1.00) and stroke (HR: 0.68, 95 % CI: 0.53–0.88), but found no association 
with the Western dietary pattern [ 42 ]. 

 The PREDIMED RCT identifi ed two major baseline dietary patterns using factor analysis based on 
34 predefi ned food groups—a  Western dietary pattern   (rich in red and processed meats, alcohol, refi ned 
grains, and whole dairy products) and a Mediterranean-type dietary pattern ( MDP  ) [ 43 ]. Higher 
adherence to the MDP was associated with a lower CVD risk (adjusted HR for fourth vs. fi rst quartile: 
0.52, 95 % CI: 0.36–0.74) but the Western pattern was not signifi cantly associated with CVD risk. 

 In the Whitehall II study, cluster analysis identifi ed four dietary patterns at baseline: unhealthy 
(white bread, processed meat, fries, and full-cream milk), sweet (white bread, biscuits, cakes, pro-
cessed meat, and high-fat dairy products), Mediterranean-like (fruit, vegetables, rice, pasta, and wine), 
and healthy (fruit, vegetables, whole-meal bread, low-fat dairy, and little alcohol) [ 44 ]. Compared 
with the unhealthy cluster, the healthy cluster was associated with a reduced risk of CHD mortality 
(HR: 0.71, 95 % CI: 0.51–0.98) after adjustment for confounders. However the other dietary patterns 
were not associated with CHD risk. Cluster analysis was also used in the EPIC-NL study, which iden-
tifi ed a prudent dietary pattern and a Western pattern, similar to the patterns identifi ed in this cohort 
using principal component analysis analysis mentioned above [ 42 ]. Individuals in the prudent cluster 
showed a reduced risk of CHD (HR: 0.91, 95 % CI: 0.82–1.00) and stroke (HR: 0.79, 95 % CI: 
0.67–0.94) compared to those in the Western cluster [ 42 ].   

    Caveats of  Dietary Pattern Analysis   

 It is important to take into account some general limitations of deriving dietary patterns to analyse the 
association of diet quality with health outcomes. Dietary patterns are population specifi c and likely to 
vary according to sex, ethnicity, culture, and socio-economic status, so it is diffi cult to make informa-
tive comparisons across studies [ 7 ]. Also, measurement error exists in the assessment of all dietary 
data, with problems surrounding recall bias, social desirability in reporting, and issues of under- or 
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over-reporting of total energy intake [ 9 ,  45 ]. In addition, diet quality may strongly relate to other 
behavioral risk factors for disease that may not be fully accounted for in studies by adjustment for 
measured confounders. 

 In particular, there are some limitations of using  a priori  methods to assess diet quality in relation to 
CVD risk that should be taken into account [ 10 ]. Firstly diet quality scores or indexes may be culturally 
or regionally specifi c so may not be universally applicable. Scores may also be dependent on the 
selected underlying dietary guidelines, which are related to morbidity and mortality risk generally but 
not specifi cally to CVD risk. Adding together equally weighed dietary components implies that 
each component is equally important to CVD risk, which may not be the case. Also, scores which 
dichotomize components do not take into account the full range of consumed foods, so using scoring 
ranges may be preferable to simple cut-offs [ 11 ]. 

 Using data-driven approaches to generate dietary patterns has the advantage of not making any 
prior assumptions but uses the existing data to characterize total diet, meaning that results can be 
meaningful, interpretable and can show some reproducibility across populations [ 10 ]. However,  a 
posteriori  methods of deriving dietary patterns, including factor analysis and cluster analysis, do have 
some considerations. Data are limited on the validity of these methods, and subjectivity may be intro-
duced when grouping dietary variables, making analytic choices about statistical methods and in 
selecting fi nal dietary patterns to use [ 7 ,  10 ,  40 ].  

    Conclusions 

 CVD is the biggest cause of death and disability worldwide and diet is well established in reducing 
the risk of CVD. In recent years the focus of dietary research has shifted from single nutrients and 
food items to overall diet quality, assessed by hypothesis-driven,  a priori , approaches which generate 
diet scores and indexes, and data-driven,  a posteriori , approaches such as factor analysis and cluster 
analysis. Epidemiological evidence shows that high diet quality is associated with reduced risk of 
CVD. Adherence to healthy dietary patterns, identifi ed from either diet scores and indexes or factor 
and cluster analysis, has tended to show an inverse association with CVD risk but the magnitude of 
protective effects has varied across studies. Consistent evidence from prospective studies and RCTs 
has provided strong evidence for an inverse association between adherence to a Mediterranean diet or 
a DASH diet and reduced CVD risk. Such dietary patterns may therefore be a relatively low cost tool 
for public health nutrition interventions for the prevention of CVD.     
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