Chapter 12
The Role of Diet in the Prevention
of Cardiovascular Disease

Monica Domenech and Antonio Coca

Hypertension (HT) remains the main risk factor for developing coronary artery dis-
ease, congestive heart failure, stroke and kidney disease [1]. Its prevalence contin-
ues to increase exponentially due to better detection and an increase in associated
factors such as obesity, physical inactivity and diabetes mellitus. Data from the
National Health and Nutritional Examination Survey (NHANES) between 2007 and
2010 show that HT affects 33 % (77.9 million) of people aged >?20 years in the
United States [2] and the prevalence is estimated to increase to 37.3 % by 2030 [3].
This trend is spreading, even in countries that traditionally have a lower cardiovas-
cular risk, such as Spain, where, in a cohort of 11,957 persons aged > 18 years, 33 %
(3983 persons) had a BP>140/90 mmHg, but>40% were unaware of this [4].
These data alert us to the magnitude of the problem and the need for increased
efforts to improve the diagnosis, treatment and, especially, the prevention of hyper-
tensive disease.

By 1970, Keys et al. were already highlighting the influence of lifestyles on the
development and/or prevention of cardiovascular disease (CVD), with particular
emphasis on the important role of diet. This was the basis for the Seven Countries
Study [5], an ecological study of 12,770 participants aged 40-59 years from Finland,
Greece, Italy, Japan, Netherlands, Norway, the United States and Yugoslavia, who
were followed for 5 years. The study found significant differences between cohorts,
with a higher incidence of CVD in Finland, the USA and the Netherlands compared
with the Southern European countries and Japan. The differences were not accounted
for by other traditional risk factors, such as smoking, obesity or physical activity.
However, when dietary aspects were analysed, the authors found a significant asso-
ciation between the consumption of mono- and polyunsaturated fats and a lower
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incidence of CVD, suggesting that Southern European dietary patterns, with a low
intake of saturated fat and a high intake of fruits and vegetables, was a key factor in
lower cardiovascular mortality [6]. The results of this study are the pillar that sup-
ports today’s growing evidence of the benefits associated with the so-called
“Mediterranean Diet” (MD).

The north—-south gradient with respect to CVD has been confirmed in several
epidemiological studies, as evidenced by data from the MONICA Project (multina-
tional monitoring of trends and determinants in cardiovascular disease) [7], which
showed that Catalonia, the South of France and Italy had a lower incidence of mor-
tality due to coronary heart disease (CHD) (in both men and women) than Northern
European countries and the United States. Subsequently, numerous studies have
shown the benefits of adherence to a “healthy diet” in reducing CVD. The results of
the CARDIA study (Coronary Artery Risk Development in Young Adults) by Liu
et al. [8] which was conducted in 3154 participants aged 18-30 years, underline the
importance of maintaining a healthy lifestyle over a 20-year follow-up. In this study,
adherence to a “healthy diet” increased the maintenance of a low cardiovascular risk
profile (28.3% for a healthy diet vs. 22.4 % for an unhealthy diet; P <0.01) on
reaching adulthood, thus reducing, the likelihood of future CVD (Fig. 12.1).

Furthermore, the results of a systematic review by Mente et al. [9] on the effect
of different dietary patterns on CHD, including prospective cohort studies and fewer
randomized clinical trials (the latter only exploring effects of the Mediterranean
diet) support the beneficial link between healthy dietary factors characterized by a
high intake of vegetables, fruits, legumes, whole grains, fish and other seafood
(healthy diet), a higher consumption of monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA) than saturated fatty acids, and reductions in
CHD. More recently, a meta-analysis by Martinez-Gonzalez et al. [10] reinforced
the beneficial effect of the MD, showing that a two-point increase in adherence to
the MD (0-9 score) was associated with a significant reduction in cardiovascular
events (pooled risk ratio: 0.87; 95 % CI: 0.85-0.90) with no evidence of heterogene-
ity between studies.

The strongest evidence for the benefits of the MD comes from the multicentre,
randomized PREDIMED study in 4,774 patients at high cardiovascular risk. Patients
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were assigned to one of three arms of a dietary intervention: MD supplemented with
extra-virgin olive oil (VOO), MD supplemented with nuts, or a control low fat diet.
The study was halted prematurely at 4.8 years of follow up in accordance with data
obtained in an interim analysis. The PREDIMED [11] study is the first randomized
trial in primary prevention of CVD to show that the MD supplemented with VOO
or nuts significantly reduced the incidence of major cardiovascular events, with a
HR of 0.70 (95 % CI, 0.54-0.92) and 0.72 (95 % CI, 0.54-0.96), respectively.

Better understanding of the contribution of risk factors to the disease burden has
motivated several comparative studies in the past few decades. Although these risk
factor-specific or cause-specific analyses are useful for policy, a more comprehen-
sive global assessment of the disease burden attributable to risk factors could
strengthen the rationale for actions to reduce the disease burden and promote health.
The latest review by Lim et al. [12] estimated global attributable mortality and dis-
ability adjusted life-years in 1990 and 2010 for each of the 67 risk factors and
clusters of risk factors. In 2010, the three leading risk factors for the global disease
burden were high blood pressure (7.0 %; 95 % CI 6.2-7.7), smoking, including sec-
ond-hand smoke (6.3 %; 95% CI 5.5-7.0), and dietary risk factors and physical
inactivity (10.0%; 95 % CI 9.2—-10.8), with the most prominent dietary risks being
diets low in fruit or high in sodium (Fig. 12.2).

Despite worldwide clinical and therapeutic efforts to improve BP control, it
remains low and persists as a leading risk factor associated with cardiovascular
mortality. The strong evidence on the effect of diet on CV disease has motivated the
inclusion of specific dietary recommendations in all cardiovascular prevention
guidelines, making diet and lifestyle a cornerstone in the reduction and prevention
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of CVD [13]. Lifestyle changes that have shown benefits in reducing BP values
include reduction of body weight, low sodium intake, high potassium intake, reduc-
tion of excessive alcohol intake, and the DASH diet (Dietary Approaches to Stop
Hypertension) [14, 15], which initially, potentiated increased consumption of fruits,
vegetables and fatty dairy products, with a relatively low intake of total and satu-
rated fat [16], although restrictions in sodium intake were later added in order to
achieve greater reductions in BP values [17].

A total of 412 participants were randomly assigned to eat either a control diet
(typical or usual diet in the United States) or the DASH diet. Within the assigned
diet, participants ate foods with high, intermediate, and low levels of sodium for 30
consecutive days each, in random order. The three sodium levels were defined as
high (a target of 150 mmol per day with an energy intake of 2,100 kcal, reflecting
typical consumption in the USA), intermediate (a target of 100 mmol per day, reflect-
ing the upper limit of current USA recommendations), and low (a target of 50 mmol
per day, reflecting a level that might produce an additional lowering of blood pres-
sure). Progressively-lower levels of sodium intake produced a greater BP response.
In the control diet, a reduction in sodium intake of about 40 mmol per day from the
intermediate sodium level lowered BP more than a similar reduction in sodium
intake from the high level (P=0.03 for systolic BP, P=0.045 for diastolic BP). The
DASH diet, as compared with the control diet, resulted in significantly-lower sys-
tolic BP (SBP) at every sodium level and in significantly-lower diastolic BP (DBP)
at high and intermediate sodium levels (Fig. 12.3), with a larger effect on both SBP
and DBP at high sodium levels than at low ones (P<0.001 for the interaction).

Subsequently, the Optimal Macronutrient Intake Trial to Prevent Heart Disease
(OmniHeart) evaluated the effect of a dietary intervention based on modifications of
the DASH diet aimed at maximizing the hypotensive effect on BP in individuals
with prehypertension or established hypertension. The results showed that, com-
pared with a diet rich in carbohydrates, increased consumption of vegetable protein
significantly reduced SBP by 1.4 mmHg (p=0.002), with a reduction of 3.5 mmHg
(p=0.006) in subjects with hypertension, while a diet rich in unsaturated fat, with
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Fig. 12.3 Effect of reduced sodium intake and the DASH diet on systolic BP (a) and diastolic BP (b)
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an increase in monounsaturated fatty acids (MUFA), was associated with a reduc-
tion in SBP of 1.3 mmHg (p=0.005) in the overall cohort and 2.9 mmHg (p=0.02)
in hypertensives compared with the diet rich in carbohydrates [18].

In recent decades, the vasculoprotective potential of diet and nutrients has been
increasingly recognized, with more solid evidence on the benefits of the MD emerg-
ing in recent years, although there is little data on its effect on BP reduction. Since
the 1990s, evidence on the benefits of the MD in the prevention of CVD and the
reduction of BP and cholesterol levels and/or diabetes has become stronger, although
the level of evidence remains very heterogeneous. The MD is characterized by a diet
rich in fruits, vegetables and cereals, with a high intake of mono- and polyunsatu-
rated fats, and with olive oil being the main source of fat. Likewise, the MD encour-
ages moderate fish and poultry consumption and a low consumption of dairy
products, red meat, prepared meats and sweets and pastries. The MD also promotes
moderate consumption of wine, preferably red, during meals [19].

Since the pioneering study by Keys et al. [5], data have been collected from more
than 12 cross-sectional studies included in the ATTICA registry, which enrolled
nearly 3,000 participants aged 18—89 years from the Greek region of Attica between
2001 and 2002. Overall, the studies showed that adherence to the MD is associated
with a reduction in the incidence of diabetes, obesity, and CVD, and an improve-
ment in the lipid profile and BP values. The data from two large cohort studies
provide similar results: the Greek European Prospective Investigation into Cancer
and Nutrition cohort (EPIC) and the Seguimiento Universidad de Navarra (SUN)
study. The EPIC study now encompasses nearly half a million persons from 10
European countries and is the largest population-based cohort study focused on the
beneficial effects of the MD on cardiovascular health. Substudies in Greece, Italy
and Spain have found an inverse relationship between adherence to the MD and BP
values, the BMI, the incidence of type-2 diabetes [20] and the tendency to obesity.
More recent data from the Greek-EPIC cohort of 23,601 participants free of CVD
showed that increasing adherence to the MD (determined by an increase of 2 points
in the MD score) was inversely associated with the incidence of stroke (HR 0.85;
95 % CI 0.74-0.96), an association that was even stronger for women and for isch-
emic stroke vs. haemorrhagic stroke [21].

The SUN study of more than 15,000 Spanish university students without cardio-
vascular risk factors showed that adherence to the MD conditioned a lower inci-
dence of metabolic syndrome (MetS) and type-2 diabetes, and a reduction in BP
values [22]. Similar results were observed in the randomized, parallel Medi-
RIVAGE study [23] which compared the effects of the MD in 180 patients with
MetS compared with a control diet (carbohydrates 50-60 %, proteins 15-20 %, total
fat <30 %). After 2 years follow up, patients assigned to the MD had a significant
reduction in the prevalence of MetS and associated cardiovascular risk factors. Data
from the first randomized study in secondary prevention, the Lyon Diet Heart Study
[24], confirmed the benefits of the MD in reducing cardiovascular risk.

The cardioprotective role of the MD was confirmed in the meta-analysis by Sofi
et al. [25]. Although evidence on the effects of the MD on BP has been scarce,
probably because BP was usually a secondary outcome in nutritional studies, the
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preliminary results of the PREDIMED study [26] and the final results in the entire
cohort [11] showed that adherence to the traditional MD significantly reduced the
risk of cardiovascular disease. The risk reduction was highly significant for stroke,
whose association with BP values is well established. Preliminary data from the
PREDIMED study after the first 3 months of follow-up showed that, compared with
the low-fat diet, the MD supplemented with VOO or nuts reduced office SBP by
5.9 mmHg (95% CI: -8.7 to -3.1 mmHg) and 7.1 mmHg (95% CI: —-10.0 to
—4.1 mmHg), respectively, and office DBP by 0.38 (95 % CI: —0.55 to—0.22) and
0.26 mmHg (95 % CI: —0.42 to —0.10), respectively [26]. However, in later results
encompassing the whole PREDIMED cohort, the changes in office BP in 7,158
participants (mean age 67 years) were lower, although a trend to BP reduction was
observed throughout the follow up [27]. The percentage of participants achieving
good BP control increased significantly during the follow up in the three interven-
tion groups, without between-group differences (31.9 % at baseline versus 41.3 % at
study end; p <0.001). However, compared with patients assigned to the control diet,
significantly-reduced DBP was observed in participants assigned to the MD supple-
mented with VOO (1.53 mmHg, 95% CI: -2.01 to —1.04) and the MD supple-
mented with nuts (0.65 mmHg, 95% CI: -1.15 to —0.15). No significant
between-group differences in SBP were observed [27]. As the authors mention, a
longer follow up, poor data with respect to changes in antihypertensive treatment
during the study and a trend to greater adherence to the MD in the control group in
the last years of follow-up may partly explain the differences in the results of long-
term office BP. The other limitation was the technique for measuring office BP itself.

Prior studies of the effects of the MD on BP have relied on clinic (office) BP
measurements, which are limited by poor reproducibility, the white-coat effect and
observer and patient variability. Twenty-four hour ambulatory BP monitoring
(ABPM) is considered the gold standard for the assessment of the effects of inter-
ventions on BP, as repeated measurements more accurately reflect usual BP than
isolated office measurements.

The latest evidence of the beneficial effect of the MD on BP comes from the
recent substudy of the PREDIMED study by Domenech et al. [28], which included
235 subjects (56.5% female; mean age, 66.5 years) at high cardiovascular risk
(85.4 % with hypertension). The results showed that the MD supplemented with
either VOO or nuts directly resulted in significant reductions in 24-h ABPM com-
pared with a control diet in individuals at high risk of CVD (85 % under hyperten-
sive treatment), without considering the confounding effects of weight loss or
changes in physical activity, sodium intake or alcohol consumption. The net differ-
ences between the MD supplemented with VOO and nuts and the control diet were
—4.0 for mean systolic BP, —4.3 mmHg for mean diastolic ABPM, and —1.9 mmHg
for both MD after adjustment for between-diet imbalances in baseline BP and for
trial changes in antihypertensive medication (Fig. 12.4).

The impact of such BP changes, even if their magnitude seems small, could be
remarkable at the population level. It has been estimated that a reduction of 3 mmHg
in office systolic BP would reduce stroke mortality by 8 % and coronary heart dis-
ease mortality by 5% [29].



12 The Role of Diet in the Prevention of Cardiovascular Disease 177

as bs
_ 4 —~ 44
=) =)
T T
£ 31 £ 3
E E
° 24 o 21
3 3
s * * = s * * P
0 $eesess . - - cdecpedecaas - . ¥, sssssasdastadensan
o * g o &
8 * 8 X 1
ERS 2 _14
° * 2
o2l °
2 2 2 -2 4
& 7
2 -3 #24-h BP < -3 » 24-h BP
dgi,_4 | 4Daytime BP § 4 Daytime BP
2 *Night time BP & ¥ Night time BP
O 54 O 54
-6 T T T -6 T T T
MedDiet+EVOO MedDiet+Nuts Control diet MedDiet+EVOO MedDiet+Nuts Control diet

Fig. 12.4 Adjusted changes in ambulatory systolic (a) and diastolic (b) 24-h BP after 1 year of
dietary intervention

Table 12.1 Degree of hypertension control by office and 24-h ambulatory blood pressure
measurements

MedDiet + MedDiet Control

Variable EVOO P + Nuts P diet P P
Office BP control®

Baseline 34.6 38.6 30.3

1 year 423 0.238 |41.0 0.815 [38.2 0.238 | <0.001
24 h-ABP control!

Baseline 51.3 63.9 72.4

1 year 62.8 0.049 699 0.302 |61.8 0.115 |0.008
Daytime ABP control®

Baseline 61.5 63.9 69.7

1 year 67.9 0.302 759 0.031 |67.5 0.424 10.025
Nighttime ABP control®

Baseline 54.2 57.1 69.7

1 year 60.3 0.607 |61.4 0.210 |52.6 0.015 |0.014

Values are percentages

4P value for comparisons between baseline and 1 year by McNemar test

°P value for comparisons between groups by Pearson’s chi square test for categorical variables
°Office BP control defined by systolic BP < 140 mm Hg and/or diastolic BP < 90 mm Hg
924h-ABP control defined by systolic BP < 130 or diastolic BP < 80 mmHg

‘Daytime ABP control defined by systolic BP < 135 or diastolic BP < 85 mm Hg

Nighttime ABP control defined by systolic BP < 120 or diastolic BP < 70 mm Hg

The known limitations of office BP measurement versus 24-h ABPM, with
repeated measurements during usual living conditions, apply to the results of the
total PREDIMED sample. The advantages of 24-h ABPM are well-known [13],
especially for non-pharmacologic interventions with expected smaller individual
BP effects. Table 12.1 shows the control rates of hypertension, defined by standard
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Fig. 12.5 Changes in systolic BP in the subgroup analysis

cutoffs, which were dissimilar between the three intervention groups in the
PREDIMED substudy according to both office BP and 24-h ABPM measurements.
In all groups, office BP control was similar at baseline and after the intervention.
However, 24-h and daytime ABPM control improved variably from baseline in the
MD groups, whereas nighttime ABPM control worsened in the control group. BP
control was always better with ABPM monitoring compared with office BP, with
the differences ranging between 16 % and 42, which can be equated with white-coat
hypertension in the office setting.

The proportion of participants with good BP control at both baseline and after 1
year of the intervention was similar in PREDIMED substudy and in the full
PREDIIMED cohort [26], further supporting the differential added value of the
ABPM results. The reduction in ABPM associated with the MD in different sub-
groups defined by sex, age, and cardiovascular risk factors were comparable with
those of the whole group for SBP except for diabetic participants, in whom greater
reductions with the MD versus the control diet were observed compared with par-
ticipants without diabetes mellitus (P for interaction, 0.031), reinforcing the global
effect of adding dietary interventions in high risk populations (Fig. 12.5).

In conclusion, there is robust evidence that increasing adherence to the MD is
associated with lower BP. Taking into account the lack of BP control rates despite
pharmacological treatment, these results could have public health implications
because the MD, a vegetable and high-unsaturated fat based dietary pattern, seems
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to be a useful adjunct to established dietary and pharmacological approaches to
improving hypertension control while incurring little or no expense for the health
system.
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