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Abstract: The consumption of food for pleasure is mainly associated with adverse health effects. This
review was carried out to verify recent reports on the impact of chocolate and wine consumption on
cardiovascular health, with a particular focus on atherosclerosis. On one side, these products have
proven adverse effects on the cardiovascular system, but on the other hand, if consumed in optimal
amounts, they have cardiovascular benefits. The submitted data suggest that the beneficial doses are
30-50 g and 130/250 mL for chocolate and wine, respectively, for women and men. The accumulated
evidence indicates that the active ingredients in the products under consideration in this review are
phenolic compounds, characterized by anti-inflammatory, antioxidant, and antiplatelet properties.
However, there are also some reports of cardioprotective properties of other compounds such as
esters, amines, biogenic amines, amino acids, fatty acids, mineral ingredients, and vitamins. Our
narrative review has shown that in meta-analyses of intervention studies, consumption of chocolate
and wine was positively associated with the beneficial outcomes associated with the cardiovascular
system. In contrast, the assessment with the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) scale did not confirm this phenomenon. In addition, mechanisms
of action of bioactive compounds present in chocolate and wine depend on some factors, such as
age, sex, body weight, and the presence of additional medical conditions. Patients using cardio-
vascular drugs simultaneously with both products should be alert to the risk of pharmacologically
relevant interactions during their use. Our narrative review leads to the conclusion that there is
abundant evidence to prove the beneficial impact of consuming both products on cardiovascular
health, however some evidence still remains controversial. Many authors of studies included in this
review postulated that well-designed, longitudinal studies should be performed to determine the
effects of these products and their components on atherosclerosis and other CVD (Cardiovascular
Disease) disease.

Keywords: bioactive compounds; chocolate; wine; cardiovascular benefits; cardiovascular risk;
drug—food interactions; inflammation; atherosclerosis; oxidative stress

1. Introduction

Presently, cardiovascular diseases occupy the infamous number one among causes
of death worldwide. In 2019, the latest year for which global statistics have already been
calculated, nearly 18.6 million people died. That marks a 17.1 percent rise over the last
decade. Moreover, the number of cases of CVDs in 2019 was as high as 523.3 million,
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thus an increase of 26.6 per cent was observed between 2010 and 2019 [1]. Cardiovascular
diseases (CVDs) is a general term for disorders related to the heart and circulatory system.
They include nearly one hundred disease units, classified as I00 up to 199 in the Interna-
tional Statistical Classification of Diseases and Health Problems (ICD-10) [2]. Available
data indicate that atherosclerosis (I70) is the highest risk, and its complications of ischemic
heart disease (I125) and stroke (163) were the most frequent causes of mortality in 2019 [2].
Atherosclerosis affects the populations of well-developed countries. Oxidative stress and
inflammatory conditions are two main factors affecting the development of atherosclero-
sis and cardiovascular diseases [3—6]. A crucial factor in the pathogenesis of formation
and development of atherosclerotic plaque is the accumulation of oxidized low-density
lipoproteins (LDL), foam cells, and extracellular aggregates of cholesterol between the
endothelium and muscle layer of the vessels [7,8]. Modifications of LDL structure and vas-
cular endothelium damages occur with the participation of free radicals [9,10]. Therefore,
the application of food and beverages containing various antioxidative compounds can
be helpful in prophylaxis and the treatment of atherosclerosis and other cardiovascular
diseases. The beneficial flavonoid effect is the result of their ability to reduce the excess
of free radicals as well as to prevent their formation inside the body cells [3,11,12]. It is
possible by inhibition of the oxidative stress factors. By free radical reduction, the antioxi-
dants protect the LDL lipoprotein structures among other things against oxidation and also
inflammation, which is responsible for atherosclerosis development, but this hypothesis
has many opponents in the research community [1,2].

Risk factors for CVDs include smoking, diabetes, hypertension, abnormalities in
serum total cholesterol and cholesterol fractions, overweight or obesity, family history of
early CVD, and physical inactivity [3,4].

Various papers underline the cardiovascular outcomes of healthy and unhealthy
dietary patterns [5-14]. Moreover, recently, much attention has been paid to the Mediter-
ranean Diet (MedDiet) and the DASH diet. These healthy eating plans are beneficial to
human health and have an established role in CVD prevention [15]. The traditional Med-
Diet is based on a high consumption of plant foods, fresh fruit, and olive oil, a moderate
intake of fish and poultry, a low intake of dairy products, red meat, processed meats, and
sweets, and a low-to-moderate alcohol intake. However, alcohol intake on the MedDiet is a
subject of controversy. Some studies have shown that alcohol is a main risk factor of pre-
mature morbidity and mortality [16-18]. Numerous studies indicated that both chocolate
and wine are rich sources of bioactive compounds such as polyphenols, or others but in
smaller amounts, such unsaturated fatty acids, amino acids, amines, vitamins, minerals,
etc. determined its cardioprotective effects [19-23]. Since the French paradox, much evi-
dence has been published of a beneficial link between drinking alcohol and cardiovascular
health. In a published meta-analysis involving 48,423 men and women, the conclusions
showed that for alcohol consumption with all assessed J-shaped outcomes compared with
non-drinkers, risk reduction peaked at 7 g/day (relative risk 0. 79, 95% CI 0.73-0.85) for
all-cause mortality, 8 g/day (0.73, 0.64-0.83) for cardiovascular mortality, and 6 g/day (0.50,
0.26-0.96) for cardiovascular events, and remained significant up to 62, 50, and 15 g/day,
respectively [17].

Furthermore, the continuous evolvement of SARS-CoV-2 pandemic affects CVDs
incidence. In this light, it is predicted that the global burden of cardiovascular disease
will rise exponentially in the nearest future [24-30]. The increase in heart disease will
be determined not only by the direct damage to the heart muscle caused by SARS-CoV-
2 but also by the consumption of more products such as wine and chocolate, which
provide significant amounts of energy. According to some authors, the consumption of
abovementioned products increased during COVID-19 pandemic [31,32]. It is known that
high intakes of energy, alcohol, fat, and simple carbohydrates are associated with obesity
and other non-communicable diseases [33-37].

Itis also important that patients treated for cardiovascular diseases should be informed
by their doctors about the risk of interactions between the medication they take and the



Nutrients 2021, 13, 4269

30f29

products they consume such as chocolate and wine. Although drug-food interactions are
considered crucial for the efficacy of treatment in various diseases, the mechanisms of
many interactions of CVD and anti-atherosclerotic drugs (antiplatelet drugs, statins fibrates,
PCSK9 (proprotein convertase subtilisin/kexin type 9) inhibitors, cholesterol absorption
inhibitors, or nicotinic acid) with chocolate and wine have not yet been studied. Little is
currently known about the interaction of wine with statins and antiplatelet drugs [1,38,39].

When acetylsalicylic acid is taken together with wine, there is a synergistic interaction
and enhancement of the antiplatelet effect due to inhibition of cyclooxygenase I (COX-I) in
platelets, with consequent bleeding [40,41]. On the other hand, the combined use of statins
(e.g., simvastatin, atorvastatin) with alcohol leads to an inhibition of CYP450 3A4-mediated
metabolism of these drugs and an increase in their serum concentration as a result of shared
hepatic metabolism [39].

However, interactions may also occur with other components of these products,
especially polyphenols, and within this group of compounds, drug interactions with
resveratrol, followed by quercetin, have been described most extensively. The results of
studies on interactions between aspirin and gallic acid found in wine are also available [38].
It should be emphasized that the pharmacokinetics and pharmacodynamics of drugs can be
altered by the presence of macronutrients such as fat [42]. Thus, lipophilic drugs are better
absorbed in the presence of fat; thus, simvastatin, atorvastatin, and lovastatin are likely to
be better absorbed after consuming chocolate, whereas fluvastatin and pravastatin, due to
their hydrophilic nature, in the presence of wine [43]. Another point to note is the effect of
the pH of the food. Wine with a pH of 3.5-4.0 causes acidification of the gastrointestinal
contents, which reduces the absorption of alkaline drugs and increases the absorption of
acidic drugs [44].

The current narrative review was conducted to verify recent reports on the beneficial
and adverse effects of “pleasure foods” consumed for health heart.

2. Materials and Methods

The methodology of the current narrative review was based on searching the PubMed®,
Web of Science TM, and Scopus databases. The search was conducted from March 2021 to
September 2021 with the use of following keywords: chocolate, wine, alcohol, atheroscle-
rosis, bioactive compounds, cardiovascular benefits, cardiovascular risk, cholesterol, in-
flammation, inflammatory markers, oxidative stress, vascular function, phytochemicals,
polyphenols, and drug—-food interactions. Exclusion criteria were: a) intervention studies
published before 2010; b) articles not focused on the effects of chocolate and wine on CVD
status; and c) interventions performed ex vivo or in silico. The literature incorporated in
this review includes meta-analyses, experimental and clinical studies, and references of
identified papers but excludes books, letters, editorials, conference abstracts, and com-
mentaries. This narrative review is a recapitulation of the evidence of the last 11 years
(2010-2021) moved into clinical practice. In order to avoid omitting any important research
article, reference lists of each article were manually searched. Authors selected all studies
in English, available in human and animal studies, in vivo and in vitro studies, with a
primary focus on the development and progression of atherosclerosis. Notably, authors
focused on the controversial but probable benefits of the chocolate and alcohol beverages
components flavonoids in order to examine their general impact on cardiovascular risk
factor intermediates and cardiovascular endpoints. Moreover, the authors underlined that
cardiology patients who simultaneously ingest medicines and consume chocolate and wine
are exposed to drug—food interactions. In this work, authors decided to conduct a narrative
review instead of traditional systematic review, mainly because of too little consistent
evidence about this topic.
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3. Atherosclerosis

Atherosclerosis, a condition characterized by the deposition of atherosclerotic plaques due
to the accumulation of low-density lipoproteins [45,46] and fibrous substances in damaged
arteries, is a major cause of ischemic heart disease (I125) and stroke (163), which were the most
common causes of mortality in 2019 [2,47]. It is well known that a chronic mild inflammatory
reaction contributes to lipid accumulation occurring in the arterial walls in different locations
of the circulatory system in the shape of atheroma plaques [48,49]. In healthy volunteers,
a significant reduction in vascular cellular adhesion associated with VCAM-1 (vascular cell
adhesion molecule 1) [50], intercellular adhesion molecule-1ICAM-1) [51], IL-1a, and very late
lymphocyte expression associated with very late activation antigen 4 (VLA-4) antigen was
observed after red wine consumption [52].

Furthermore, phenolic compounds and red wine alcohol decreased CD40 antigen [53],
CD40 ligand (cluster of differentiation 40), and monocyte chemoprotein expression [54].
Given the results of clinical studies, it is possible to ascertain the health-promoting effects
of both chocolate [55,56] and wine [57-59] when consumed in moderate amounts and used
prophylactically. In the absence of these studies, as argued by many investigators, the
results of epidemiological studies cannot be considered definitive, especially after observ-
ing the striking differences between the outcomes of epidemiological and intervention
studies evaluating, for instance, the efficacy of antioxidant vitamins on the cardiovascular
system [60].

Empirical findings suggest that dietary polyphenols, especially flavonoids, play an
integral role in ameliorating atherosclerosis, and their pleiotropic antioxidant and anti-
inflammatory activities appear to antagonize atherogenesis [61,62].

Some observations suggest that chocolate and wine have cardioprotective potential in
humans, as do other natural and unprocessed products (fish, olive oil, fruit, vegetables,
and whole grains) that form the basis of the Mediterranean diet recommended by scientific
cardiological societies [63].

Although the chemical components of chocolate and wine are different, similar benefi-
cial effects have been observed for both products. It is worth pointing out that red wine,
while having a good reputation, does not contain the cardioprotective flavan-3-ol in large
concentrations, as is the case with the chocolate [64-66].

3.1. Chocolate

Due to its unique texture and taste, chocolate is a food that is usually reached for for
pleasure. Still, for several years, it has been reconsidered as a source of beneficial bioactive
compounds [20,37,46,65,67-74]. It is a confectionery product mainly made from cocoa
beans (cocoa pulp), cocoa fat, and sugar. It may contain further ingredients, e.g., milk,
nuts, alcohol, coffee, fruit, flavors. Directive 2000/36/EC of the European Union requires
chocolate to contain not less than 35% of dry cocoa solids. Cocoa, the primary constituent
of chocolate, contains a relevant amount of fat 30-50%, with approximately 33% oleic acid,
25% palmitic acid, and 33% stearic acid [75]. Polyphenols are also important ingredients of
chocolate, which can make up to 10% of a whole bean’s dry weight [76,77].

Dark chocolate energy content is estimated at 515-593 kcal /100 g of product [77,78].
In addition to macronutrients, which are 40-50% cocoa butter (mostly saturated fats: stearic
and palmitic, and unsaturated fats: oleic and linoleic), 53-64% carbohydrates, and protein
5-10%, chocolate is a product recommended as a valuable source of antioxidants, vitamins,
and minerals, including magnesium, manganese, iron, phosphorus, zinc, selenium, potas-
sium, biogenic amines, and amino acids [77]. An experimental study evaluating the fatty
acid profile of Brazilian chocolates reported that they were a source of saturated and unsat-
urated fatty acids. Saturated palmitic and stearic acids were found at 0.9 and 203.78 mg /g,
respectively, while unsaturated oleic and linoleic acids were 304 and 27.79 mg/g cocoa fat.
The chemical composition of the chocolate was as follows: proteins 8.99%, fats 36.21%, car-
bohydrates 51.7%, ashes 1.7%, and moisture 1.3% [79]. Although chocolate is not classified
as a good source of vitamins, recently, Kiithn et al. [80] found that dark chocolate had from



Nutrients 2021, 13, 4269

50f29

1.90 to 5.48 ug/100 g vitamin D2, while white chocolate had lower vitamin D2 ranging
from 0.19 to 1.91 ug/100 g. By taking an average vitamin D2 content of 2.3 ug/100 g of
chocolate, it may be calculated that the everyday intake of vitamin D2 from chocolate in
the German population was 0.5 ug [80,81].

Dala-Paula et al. [82] in their research found that chocolate with 70% cocoa was
a good source of bioactive amines, mainly polyamines but also cadaverine, putrescine,
phenylethylamine, tyramine, and tryptamine. Importantly, dark chocolate protein is a
good source of histidine isoleucine, phenylalanine + tyrosine, and tryptophan but limiting
for leucine, lysine, and threonine [82]. The nutritional values of the phenolic compounds
of both chocolate and wine are shown in Table 1.

Table 1. Chemical composition of chocolate and wine [78].

Chemical Compounds Food Products

Dark Chocolate Red Wine
Water (g) 0.6 89.9
Protein (g) 6.7 0.1
Lipid (g) 34.3 0
Cholesterol (mg) 0 0
Carbohydrate (g) 56.6 0.2
Sugar (g) 38.3 0.2
Total fiber (g) 1.7 1.7
Sodium (ug) 4000 7000
Potassium (ug) 581,000 110,000
Iron (ng) 21,000 1000
Calcium (pug) 42,000 7000
Phosphorum (pg) 244,000 13,000
Thiamin (ug) 40 0
Riboflavin (ug) 10 10
Niacin (ng) 46 46
Vitamin A (ug) 0 0
Energy (kcal/k]) 593/2330 68/284

The most important cardioprotective ingredients as documented in the study are
flavonoids from cocoa, including flavones, isoflavones, flavanones, flavonols, flavanols,
and anthocyanins, which may improve cholesterol efflux capacity in vitro [83-85]. The
average values of phenolic compounds in chocolate are shown in Table 2.

Table 2. Polyphenolic compounds in chocolate and wine.

Chocolate Wine
Parameter
[mg/kg] [mg/L]
Total polyphenols
ng/GAE/L 11.7-14.8 860.2-2912.0
Dihydroflavonols - Dihydromyricetin 3-O-rthamnoside 45.0
(+)-Catechin
(—)-Epicatechin : .
(—)-Epicatechin-(2a- 107.0-500.0 (+)-Catechin 14.0-390.0
32.74-125.0 (+)-Gallocatechin (—)
7)(4a-8)- . . 0-4.0
. . 40.0-80.0 Epicatechin
Flavanols picatechin . . 0-165.0
. 290.0-860.0 (—)-Epicatechin
3-O-galactoside 0-9.0
Cinnamtannin A2 210.0-540.0 3-O-gallate 6.0
130.0-440.0 (—)-Epigallocatechin '

Procyanidin dimer B2
Procyanidin trimer C1
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Table 2. Cont.

Chocolate Wine
Parameter
[mg/kg] [mg/L]
Hesperetin 0.5-0.6
Flavanones - Naringenin 0.4-0.7
Naringin 7.0-8.0
Kaempferol
Kaempferol
3—O-glgco§1de 0-3.6
Myricetin
. 6-11.0
Quercetin
. 0-18.0
Quercetin 0-32.0
Flavonols Quercetin 250.0 3-O-arabinoside 1 0_5' 0
Quercetin o
. 8.0-23.0
3-O-glucoside
. 0-18.0
Quercetin 0-32.0
3-O-rhamnoside ’
Quercetin
3-O-rutinoside
. . Gallic acid 0-126.0
Hydroxybenzoic acids i Gallic acid ethyl ester 14.0-17.0
2,5—di—S—G1‘utat‘hiony1 11.0-47.0
caftaric acid 0
Hydroxycinnamic acids Ferulic acid 240.0 Caffeoyl tartaric acid
. 0-77.0
Caffeic acid 0-10.0
Ferulic acid ’
Resveratrol Resveratrol
. 0.4 0.4
Stilbenes Resveratrol 1.0 Resveratrol 75.0-964.0
3-O-glucoside ’ 3-O-glucoside ’ ’
Tyrosol 5.0
Tyrosols i Hydroxytyrosol 6.0
Total anthocyanogens 2.8-4.1 21.0-1011.0
Antioxidant activity
mmol TE/L 151.7-246.0 6.9-15.2
Main group flavan-3-ol stilbenes

Mean value of reference data from Phenol-Explorer Database (version 3.6, Paris, France) [86].

3.1.1. Cardioprotective Properties of Chocolate

Cocoa flavanols’ protective CVD effects in dark chocolate have been the subject of
many epidemiological and interventional trials [77,87,88]. Data from recent epidemiolog-
ical studies support an association between high consumption of cocoa products rich in
flavanols and a reduced incidence of CVD events, especially stroke and ischemic heart
disease. Cocoa flavanols and flavan-3-ols are the main compounds responsible for this

effect [89].

Epidemiologic Studies

Assessment of the impact of chocolate consumption on CVD and death risk was
carried out using seven epidemiological studies published between 2011 and 2018 and
demonstrated in Table 3. Across the seven studies, four participants completed food
frequency questionnaires [87,90-92]. The research follows time ranging from 12.9 to 30
years and indicates a preventive effect of frequent chocolate intake (45% risk reduction
compared to no consumption, p = 0.005). Additionally, chocolate intake was protective
against non-fatal stroke events.
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Buitrago-Lopez et al., showed in their study that the risk of stroke and ischemic
heart disease was reduced by 29 and 37%, respectively, as a result of dark chocolate
consumption. [93]. In addition, a study by Kwok et al. [67] found a reduction in the risk of
stroke, in this case by 23%. In contrast, the risk of coronary atherosclerosis was reduced
by 11% due to dark chocolate consumption [67]. In turn, a study by Larsson et al. [92]
demonstrated a decrease in myocardial infarction (MI) risk in individuals consuming
chocolate [92].

Table 3. Summary of studies assessing the effects of cocoa/dark chocolate on the cardiovascular system.

Investigation Population Outcomes Ref.

I. AF 9978 participants
II. CR vs. NCRTAF >34 srv/week 0.96 (95% CI
0.88-1.04) [92]
III. HF AF: 0.97 (95% CI 0.94-1.01): 2 srv/week
1 DCC 0.96 (95% CI 0.90-1.03)—HC vs. LC

I. 1-3 srv/month (HR 0.90, 95% CI 0.82 to 0.98)
II. 1 srv/week (HR 0.83, 95% CI 0.74 to 0.92)
FFQ 55,502 III. 2-6 srv/week (HR 0.80, 95% CI 0.71 to 0.91) [91]
IV. >1 srv/day (HR 0.84, 95% CI 0.65 to 1.09)
men > women

I. 1-3 srv/month (HR 0.88, 95% CI 0.78 to 0.99)

men & women

FQQ 32,486/40,009

FFQ men & women II. 1-2 srv/week (HR 0.83, 95% CI 0.72 to 0.94) [90]
2,157/31,917 III. 3-6 srv/week (HR 0.82, 95% CI 0.68 to 0.99)
IV. >1 srv/day (HR 1.10, 95% CI 0.84 to 1.45)
THDL-c
. TG

HEI-2005 15,023 adults |CRP levels, [94]

Jweight
FFQ r;lg rlls&; /‘IZZT{% ;1 DCC/risk of stroke (women) [87]

I: 50 g DC
I1.50 g/mc wash-out 21 single dose 50 g DCC > EFP & MFP [95]
period (7 days)

FFQ 590 J DCCtrisk DM2 [96]

AF—atrial fibrillation, CI—confidence interval; CR—consumer; CRP—C-reactive protein; CVD—cardiovascular disease; DC—dark
chocolate; DCC, dark chocolate consumption; DM2—Diabetes mellitus type 2; EFP—endothelial function in patients; FFQ—food frequency
questionnaire; DC—highest consumption; HDL-c—high-density lipoprotein; HEI-2005—Healthy Eating Index (2005); HR—hazard ratio;
LC—lowest consumption; MFP—microvascular function in patients; NCR—non-consumer; TG—triglycerides; srv—serving; Explanation
of arrows: <+ no change; 1 improvement/increase; | decrease.

Data from two SRMAs observational studies examined the relationship between
eating chocolate and cardiovascular risks [43,44]. Mentioned studies reveal that high
chocolate intake considerably reduced the risk of coronary heart disease (pooled RRs
ranging from 0.71 (95%CI: 0.56-0.92) to 0.90 (95%Cl: 0.82-0.97)), stroke (pooled RRs ranging
from 0.79 (95%CI: 0.70-0.87) to 0.84 (95%CI: 0.78-0.90), and cardiovascular mortality
(pooled RR = 0.55 (95%ClI: 0.36-0.83) [97].

The results of a large population-based prospective cohort study suggest that moderate
chocolate consumption may have an inverse association with the risk of atrial fibrillation or
flutter, although the influence of other factors should also be considered. As evidenced by
Crichton et al. [96], consuming large amounts of chocolate and products rich in cocoa flavonols
reduces the risk of type 2 diabetes predisposing to cardiovascular disease [68,96,98]. Yuan et al.,
in a meta-analysis of 14 prospective studies, concluded that chocolate consumption of six
servings per week is responsible for reducing the risk of diabetes and coronary heart disease
and may also prevent stroke [99].
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Although chocolate consumption may have beneficial effects on cardiovascular health,
there is still limited data evidence from large, prospective cohort studies [87]. During a
median follow-up of 12.9 years, 3558 incident strokes cases (2146 cerebral infarctions and
1396 hemorrhagic strokes) were identified. After adjustment for age, body mass index,
lifestyles, dietary intakes, and other risk factors, chocolate consumption was associated
with a significantly lower risk of stroke in women (HR = 0.84; 95% CI, 0.71-0.99). However,
the association in men was not significant (HR = 0.94; 95% CI, 0.80-1.10) [87].

In addition, in light of the evident relationship between serum cholesterol and car-
diovascular risks, present evidence concentrates on dietary fats, in contrast to previous
inconsistent focus on cardiovascular prevention due to dietary fat intake [97].

Veronese et al. [68], in their umbrella review, pointed out for the first time that the
supporting evidence suggesting the benefits of chocolate consumption was weak. With
more than one million participants, four studies found an association of chocolate con-
sumption with reduced risk of cardiovascular disease, six with acute myocardial infarction,
five with stroke, and a further six with diabetes. However, as the authors of the review
pointed out, these studies were characterized by weak evidence of reliability. In contrast,
the meta-analyses of intervention studies discussed in the same paper chocolate had a
positive effect on vasodilation for three studies and two others on markers of insulin
resistance. However, using the GRADE score, the evidence for these outcomes was not
satisfactory [68].

As the effect size is much more prominent in clinical trials than prospective studies,
this should be considered in formulating guidelines. Moreover, promising results from
short-term clinical trials cannot be treated uncritically, as they are not always clinically
significant and therefore may not represent a potential therapeutic option. Nevertheless,
the combined results of this review suggest that chocolate is not simply a harmful food
consumed for pleasure and should not be avoided for this reason [100].

Clinical Trials

Chocolate, in general, is not seen as a food with cardioprotective properties as is the
case with red wine, thanks to the phenomenon of the French paradox [101]. However,
studies conducted on the composition of this product show that it is in many ways superior
to wine in its cardioprotective properties [102]. Scientists showed that flavone-3-ols found
in cacao and dark chocolate have a higher potency than the stenols found in wine, as
previously mentioned [103].

Unfortunately, this effect is probably counteracted by the high fat content, especially
saturated fat [104], although according to some researchers, these fats also have some
potential [105].

Despite many controversies, ongoing randomized controlled trials over the past ten
years have reported many hopeful results related to the cardioprotective properties of
chocolate and its key ingredient cocoa, some of which are presented in Table 4.

Table 4. Summary of major RCT studies evaluating chocolate intake and cardiovascular outcomes.

Intervention Population Findings Ref.
<+ lipid profile
CG: 20 g DC (500 mg polyphenols) 4 1 SF];P ]%BP [106]
CC: 20 g placebo DC & body weight, BMI

I. THB <+ ABCA1-MCy

20 mL drink 500 mg theobromine 44 II. THBTmiR-92a levels [65]

III. HFM e 1PC,¢ and 3 selected miRNAs levels

50 g DC

TmRNA expression of the AIC IL-10
| intracellular pro-inflammatory stress
response
Al

65 [107]
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Table 4. Cont.
Intervention Population Findings Ref.
I. 70 g DC (150 mg ECT) + placebo capsules
II. pure ECT capsules (2 x 50 mg ECT)
+75g MW 20 TVF after pure ECT <« DC [108]
III. placebo capsules + 75 g MC (0 ECT)
DC (>85% cocoa) o1 supplements of DC{redox state | biomarkers [109]
of muscle damage
1. DC1SBP and DP at rest but buffered the
85% cocoa DC 1 g/kg or MC 47 reactivity of DBP, HR, MAP, & DP during MS [72]
II. DC buffer cardiovascular reactivity
I. (AD)
1. 42.5 g/day ALD 48 ALD alone or mix DC under [110]
III. 18 g/day CPr & 43 g/day of DC controlled-feeding conditions | lipid profiles
IV. all 3 foods (DC + ALD).
60 g DC + flavan-3-ols flavan-3-ol-enriched DC & only DC:
1 I JUC L, AA
& procyanidins 42 II.tpyruvate & 4-hydroxyphenylacetate [65]
(standard DC and MC) TPy y yphenylacetate,
phenolic compound of bacterial origin.
consumption of HCC:
20 g Lt
5% coces 2Co§ HCC; 30 TVE; [111]
! ! 1 reducing CBAP
»90% cocoa
TVR,
50 g DC & 30 g CPr 136 7-d cocoa-based suppll)timentatlonTcondltlons [112]
40 g DC (cocoa >85%) vs. LC MC (cocoa CPC 1 EF via Nox2 down-regulation in NASH
57 ; [113]
<35%) polyphenols patients.

Al —anti-inflammatory effects; DC—dark chocolate; MC—milk chocolate; FMD—flow-mediated vasodilatation; NASH—non-alcoholic

steatohepatitis; Nox2—oxidase

isoform; CPC—cocoa polyphenols consumption; CPr—cocoa powder, LCC—lower cocoa chocolate; HCC—

high cocoa chocolate, ALD—almond diet; CHOC—chocolate diet; ABCAl—cholesterol-efflux transporter ABCA1; MAP—mean arterial
pressure; ECT—epicatechin; AD—American diet; HFM—high fat meal; EF—endothelial function; LC—low content; VF—vascular function;
CBAP—central brachial artery pressures; vascular relaxation—vascular relaxation; UC—urinary creatinine; L—lactate; AA—amino acids;
PL—plasma lipids; PCe—postprandial cholesterol efflux; MCqf —mediated cholesterol efflux; AIC—anti-inflammatory cytokine; DBP—
diastolic blood pressure, SBP—systolic blood pressure; MS—mental stress, Explanation of arrows: <+ no change; 1 improvement/increase;

J decrease.

Studies included in our review usually took the form of a dietary intervention and were
carried out in groups of 20 to 136 participants. All studies were recorded at clinicaltrials.gov.
About 70% of the study participants were healthy subjects [65,72,107-109,111,112], the
others were non-alcoholic steatohepatitis patients [113] and the obese [84,110].

The authors concluded that 20-50 g of dark chocolate or the equivalent amount of
epicatechins could have a wide range of effects on the human body. The researchers
suggest that chocolate has anti-inflammatory effects [107] and antioxidant properties [109].
Furthermore, improved lipid profile [110,114], reduced levels of creatinine, lactate, some
amino acids and their breakdown products in urine, and increased levels of pyruvate and
4-hydroxyphenylacetate, a phenolic compound of bacterial origin [65], improved vascular
function by reducing pressure in the middle brachial artery and promoting vascular
relaxation, thereby improving the fit of the arterial system to the left ventricle [111], and
more cocoa polyphenols improving endothelial function by downregulating Nox2 in NASH
patients [113] have been observed.

Another study found that cocoa products containing about 0.1 g of epicatechin can again
reliably increase FMD, and doses of cocoa flavanols of about 0.9 g can lower blood pressure in
certain individuals, however, if consumed over a long period. Vlachojannis et al. [89] reported
that to provide 0.9 g of total flavanols, one needs to consume approximately 100 to 500 g of
chocolate. However, to give a therapeutic dose of epicatechin, one needs to consume 0.05 to
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0.2 g of chocolate. It, therefore, seems advisable to demand that chocolate products marketed
for their purported health benefits declare the amount of total flavanols and epicatechin [89].

Similarly, the results of a meta-analysis of 18 studies involving 367 participants suggest
an improvement in FMD after consumption of chocolate, cocoa drink, or a combination
of both (1.17%, 95% CI: 0.76%, 1.57%). The high 12 score (83.3%) suggests that most of the
variability between studies is due to heterogeneity rather than randomization. Studies with
the chocolate intervention showed an improvement in FMD of 0.84% (CI 0.19% to 1.50%).
In contrast, the cocoa drink intervention showed a mean improvement in FMD of 1.13% (CI
0.78% to 1.48%); notable studies with the chocolate intervention had higher heterogeneity
than studies with the cocoa drink intervention (12 = 81.6% vs. 12 = 63.7%) [69].

In order to demonstrate the therapeutic effect of chocolate, Bertolami et al. [115] compared
the effects of ezetimibe and functional foods containing plant sterol esters on oxidative stress
biomarkers. In this double-blind study, 37 statin-treated subjects with type 2 diabetes were
randomly assigned to take ezetimibe 10 mg/day or consume chocolate containing 2.1 g of
plant sterol esters for six weeks. They found that ezetimibe increased superoxide dismutase
(SOD) and glutathione reductase (GR) activity, while plant sterols did not alter these biomarkers.
Among patients treated with both plant sterols and ezetimibe, oxLDL-C levels were reduced
by 20 and 21.1%, respectively. Furthermore, almost 50% of patients treated with plant sterols
achieved the recommended LDL-C status of <70 mg/dL [115,116].

3.2. Wine

For hundreds or even thousands of years, people have been consuming wine for a
variety of reasons. Some individuals cannot imagine their lunch or gala dinner without
this drink [117,118]. It is worth emphasizing that benefits from moderate alcohol consump-
tion are not restricted to taste sensations but have been extensively described by many
researchers. For this reason, red wine intake has been associated with decreasing a risk for
coronary heart disease (CHD) [117-119].

The volume of consumption demonstrates its popularity. World wine consumption
in 2020 was estimated at 234 mIn hL; noting that its consumption has decreased by 3%
compared to 2019, it can be assumed that this is still a significant volume [120].

3.2.1. Phytochemical Structure of Wine

Polyphenols, which are present in red wine, form a complex mixture of flavonoids
(such as anthocyanins and flavan-3-ols) and nonflavonoids (such as resveratrol, cinnamates,
and gallic acid). The most plentiful group of polyphenols makes it to 50% of total phe-
nolic constituents and incorporates flavan-3-ols with polymeric procyanidins (condensed
tannins) [121,122].

Wine, by definition, is an alcoholic beverage made from fermented fresh grapes or
grape juice (must). It is a composite blend of several hundred compounds occurring in very
low levels, which nevertheless play an essential role in its formation and quality. Overall,
the mean percentages of the major wine components are: 86% water; 12% ethanol; 1%
glycerol and polysaccharides, trace elements; 0.5% different types of acids; and 0.5% volatile
compounds [123]. The nutritional value of wine, as well as of chocolate, is presented in
Table 2.

The phytochemical characteristics of wine involve compounds as such organic acids
(acetic, citric, lactic, malic, succinic, and tartaric), nitrogen, phenolic compounds, mineral
components, biogenic amines, alcohol, and sulfur dioxide. The organic acid level defines
the taste of the wine. The nitrogen is a key nutrient for yeast growth and is necessary for
successful fermentation. The phenol content in wine (natural phenol and polyphenols)
includes a large group of several hundred substances [124,125]. Flavonoids as well as
nonflavonoid phenolic compounds have an established role in the protective effects of wine
on the circulatory system [126,127]. Nevertheless, the most extensively studied stilbene
resveratrol is considered as the most important nonflavonoid compound responsible for
the health benefits of red wine [103,128], although in the last few years, research results
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have been published confirming the cardioprotective properties of compounds such as
quercetin [23,129], catechins [130], or proanthocyanidins [103,125].

Tannins in wine are an essential ingredient responsible for determining the taste
characteristics of wine. If the tannin content is too low, the taste is bland, whereas if the
tannin concentration is too high, the wine is astringent, which is described by the term
“tanning the mouth epithelium” [122]. In addition, they have chemopreventive effects
and play a role as antioxidants in wine. Elements such as iron, calcium, magnesium,
phosphorus, potassium, and manganese, which are present in wine in trace amounts, are
responsible for these effects [131].

Hydroxytyrosol, which can be found primarily in olive oil and as some researchers
have found, in red wine, also has strong antioxidant properties [132]. Furthermore, preclin-
ical studies have linked OHTyr with anti-inflammatory, anti-proliferative, pro-apoptotic,
antibacterial, and neuroprotective properties. In turn, clinical studies have shown that
OHTyr-rich foods present in the Mediterranean diet (MedDiet) improve the lipid profile,
protect against lipid oxidation, and prevent primary cardiovascular disease (CVD) [54].
Potent antioxidants include biogenic amines too, but one of them, tyramine, can lead to
serious side effects such as the so-called cheese effect [133]. The ambivalent properties also
characterize alcohol in wine (6-22%) as a natural product of alcoholic fermentation. Poten-
tially dangerous compounds occurring in wine due to fermentation are sulfur compounds
that occur naturally in wine, either as a result of the fermentation process or added artifi-
cially as a preservative and wine stabilizer [18]. Most of the compounds have focused on
epidemiological and clinical studies on cardioprotective properties for more than 50 years.

3.2.2. Cardioprotective Effects of Wine

Both clinical [97,121] and epidemiological [73,103,134] studies on wine’s positive
health properties indicated that regular and moderate wine consumption (150 to 300 mL
wine per day) is associated with reduced prevalence of cardiovascular disease [135], hyper-
tension [18], diabetes [136], cancer [137], and even osteoporosis [138].

The studies presented in our narrative review of the cardiovascular effects of red wine
focused on components such as alcohol and phenolic compounds with nonflavonoids
compounds (resveratrol [54,139,140] and tyrosols [132]). The association of moderate alco-
hol consumption with incident cardiovascular deaths has been most extensively reported
in the literature [117]. Many papers emphasize the U- and J-shaped nature of the asso-
ciation, indicating that abstainers are at higher risk of cardiovascular disease and death
than drinking men [17,141]. Although this phenomenon has been studied since the French
paradox, there are still areas that require well-designed, long-term randomized studies.
Data from this narrative review show that alcohol correlates with better HDL results but
does not affect other parameters such as TG, LDL, coagulation factors, CRP, and oxidized
LDL levels [142,143].

Epidemiological Studies

In observational studies carried out over a decade ago, a protective effect of moderate
alcohol drinking on the occurrence of cardiovascular events was shown, but the exact
mechanisms involved are still not sufficiently known [144,145].

Many authors argue that modulation of circulating cholesterol is the best-established
protective factor of alcohol intake [146-148] and inverse relations of HDL-cholesterol and
CVD risk operate substantially via removal of lipid deposits in large blood vessels [149-151].

The thirteen observational studies examined in our narrative review were most often
concerned with assessing the effect of alcohol on HDL levels (three studies) as well as
mortality (four studies). They were usually cohort-based and randomized studies. In
five trials, researchers used validated questionnaires on food intake, including wine or
its constituents such as resveratrol or tyrosol. In the studies on the association of alcohol
consumption and mortality, as in previous studies, it was shown that people who do not
consume alcohol have a higher risk of death and cardiovascular incidents [146,152,153].
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The study involved both healthy volunteers and patients with various cardiovascular
conditions. Two of the observational studies looked at the relationship between people’s
lifestyle (Mediterranean Diet and physical activity) with atherosclerosis and consump-
tion [154,155]. In one study, the authors showed that LDL to HDL fractions improved in
women and men who consumed 100 and 200 mL of wine, respectively [155]. A summary
of epidemiological studies assessing the relationship between wine and other beverages
consumption and CVD is set out in Table 5.

Table 5. Summary of studies assessing evaluating relationship wine and alcohol beverages on CVD.

Study Designed Population Findings Ref.

I AT <10 g/day ~ 11%|RTM,
II. AI >20 g/day—13%1RTM,
MORGAM Project 142,960 III. AI >20 g/day—22%1RTM, [156]
IV. Al <1 drink/day | RTM and CVD,
V. Al >2 drinks/dTRTM

Questionnaires.

Phenol-Explorer database 17,065 Tintake flavonoids ~ 47%/incidence of CVD [102]

Lch|LDL/HDL ~ 8% (p = 0.0242) and RW ~13% (p =

RW 100 mL (women) 0.0049)
or 200 mL (men) daily 108 o (o ’ o [155]
(20 weeks) TCh6%; (p = 0.0238) and TC|13%; (p = 0.0361)

Lp (a) <+ any intervention.

1. all biomarkers|CVD risk,
1851 II. HVAL strong inverse association, [157]
III. HVAL RTM

Hydroxytyrosol and HVAL
in urine samples

I. drinkers > CAC abstainers,

1 glass of RW 4-5 day /week II. drinkers vs. abstainerstHDL & LDL, JCRP

(5 years) 354 . . L [147]
IIL. drinkers vs. abstainers MACE was significantly,
28.9 £+ 15 g of EtOH/d for 23.4 £ 12.3 years. despite higher CAC.
150 mL of RW/day women I'TI_.ITGC (chllrmg ?v}lmoths), .
& 300 mL RW (33 g EtOH/d) men 46 II. no subject developed hepatic steatosis, [158]
III. LDL-ch|by RW
Questionnaires.:
. abstainers and occasional consumers, 240 MAI vs. abstainers -tHDL-c & adiponectin, [142]
II. beer consumers,
III. consumers of mixed drinks
WI never/
WI almost never, 11.248 I. MWI vs. abstainers at baseline|risk of CVD [152]
WI<0.5 L/day, ! II. MWI{RTM N
WI>0.5 L/day
I. no use I. wine/beer (<1 glass/week)]vs. abstention,
II. <1 glass/week 2583 II. <2 g/day EtOH, 2-10, 10-20, >20 g/d—CVD-risk [148]
III. >1 glass/week HRs
150 mL g‘;\fea"r\g\] or RW - RWHDL, HDL-C & apolipoprotein(a)l (154
MedDiet Jthe total cholesterol-HDL-C
RW and WW ¢ clinically relevant differences in lipid
Effects of RW and WW on atherosclerosis 157 profile, CRP, blood glucose and other markers of [159]
atherosclerosis
FFQ 1. 46%.in risk of CVD of TP intake
273 II. the polyphenols = strongest inverse associations: [127]
Phenol-Explorer database . S
flavanols, lignans and hydroxybenzoic acids
Questionnaires 502,616 TRTM compared to participants drinking [153]

EtOH13—4 days in a week

Al—alcohol intake; CAC—coronary artery calcification, CVD—cardiovascular disease; EEOH—ethanol, FFQ—food frequency questionnaire,
HDL—high-density lipoprotein cholesterol; HVAL—homovanillyl alcohol; LDL—low-density lipoprotein cholesterol; MACE—major
adverse cardiac event; MAI—moderate alcohol intake; MWI—moderate wine intake; RTM—risk of total mortality; RW—red wine; TP—total
phenols; WI—wine intake; WW—white wine; Explanation of arrows: <+ no change; T improvement/increase; | decrease.
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In a population-based cohort study (Moli-sani study) to determine the association
between alcohol consumption and incident HF and AF, moderate alcohol consumption
(10-20g/d) was shown to reduce the risk of heart failure (HF) but not AF compared with
abstainers. The assessed biochemical parameters HDL and TC were related to alcohol
consumption. Those consuming more than 48 g per day of alcohol had the highest HDL
levels at 63 mg/dL, but total cholesterol levels were the highest in the entire study cohort
at 226 mg/dL. Non-drinkers and occasional drinkers had levels of 54 and 207 mg/dL,
respectively [156]. The authors found that the mean reduction in risk of total mortality was
11% and that alcohol consumption >20 g/day was related to a 13% reduction in risk of
total mortality. Similar results were observed for deaths from cardiovascular (CV) reasons
alone. The relationship of alcohol to mortality was similar in men and women. However,
it was more pronounced in those who preferred wine, suggesting that the benefit may be
due to other components rather than ethanol. Mediation analysis demonstrated that high
density lipoprotein cholesterol explained 2.9 and 18.7% of the relation between low alcohol
consumption and all-cause and cardiovascular mortality, respectively [156].

However, the findings of the GISSI-Prevenzione study indicate that moderate wine
intake seems to be significantly associated with lower CVD incidence and total mortality
compared with non-drinkers. In the time-adjusted analysis, participants drinking up to
0.5 L of wine per day (HR 0.83; 95%CI 0.74-0.92) and more than 0.5 L per day (HR 0.77; 95%
CI 0.63-0.94) reported reduced mortality compared with non-drinkers (p = 0.0003) [152].

According to some authors in previous publications, the effect of ethanol on clotting
factors and lipoproteins accounts for 50% of the beneficial effect of alcohol consumption in
preventing atherosclerosis [121].

A number of studies assessing how various alcoholic beverages protect against CVD
have found, as with red wine, a J-shaped relationship for increasing alcohol consumption
and vascular risk [160].

The study team of Mendonga et al., assessed polyphenol intake in the Spanish popula-
tion employing a validated semi-quantitative food frequency questionnaire.The collected
information on food intake was then matched with the Phenol-Explorer database. The
authors emphasized that although the questionnaire they used did not include some
polyphenol-rich products, such as herbs and spices, there was no risk of misclassification,
as the error would not be related to the occurrence or presence of the score. Based on
the data collected, chocolate, coffee, cherries, apples, and olives were the main sources of
variability in polyphenol intake. It was found that study participants with higher levels
of flavonoid intake had a 47% lower incidence of cardiovascular events than those who
consumed the least flavonoids (HR: 0.53, 95% CI: 0.29-0.98; P for trend Z 0.09). Notably,
the results were not significant for other types of polyphenols [102].

Droste et al. [155] concluded that a moderate Mediterranean diet combined with
exercise and an extra glass of red wine per day effectively independently improved the
LDL/HDL ratio in patients with carotid atherosclerosis, even though the large majority
were already on statin therapies, which suggests a synergistic effect of drugs as well as
specific foods.

In assessing the relationship of consumption of alcoholic beverages with polyphenols,
it should be considered that these compounds have different bioavailability. The most well-
absorbed polyphenols in humans are isoflavones and gallic acid, followed by catechins [71],
flavanones [161], and quercetin glucosides, with different kinetics [38,162]. The least
well-absorbed polyphenols are proanthocyanidins, the galloylated catechins, and the
anthocyanins [163]. There are no data for the other polyphenols available. Furthermore,
gut microbiota probably metabolizes different polyphenols, which undoubtedly affects this
class of compounds [164].

In conclusion, moderate consumption of wine positively impacts the progression and
development of atherosclerosis due to its ethanol and polyphenols content confirmed by
different biomarker levels. However, it is worth emphasizing that the health benefits may
be intensified in women and people with high polyphenol absorption [121].
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Panagiotakos et al. [148] in the Attica study observed a strong opposite and similar
relationship of low wine or beer consumption when less than one glass per week was
consumed, and risk of developing cardiovascular disease (HR: 0.40, 95% (CI): 0.17-0.98;
and HR: 0.43, 95% CI: 0.20-0.93), respectively, in comparison with non-drinkers. The
authors noted no significant relationship in individuals who had a consumption above one
glass per week compared with abstainers. However, compared with subjects consuming
less than two grams of ethanol per day, those consuming between 2 and 10, 10 and 20, and
more than 20 g of ethanol per day had HRs (95% CI) of CVD risk of 0.60 (0.40-0.98), 1.22
(0.60-1.14), and 1.81 (0.70—4.61), respectively.

In contrast, da Luz et al. [147] reported the results of long-term follow-up of red
wine (RW) drinkers in association with coronary calcification and clinical evolution. The
researchers found that red wine users consumed an average of 28.9 & 15 g of alcohol per
day over 23.4 &+ 12.3 years. Observation individuals had higher high-density and low-
density lipoprotein levels but had lower C-reactive protein levels than abstainers. The risk
of diabetes was lower among drinkers, but other risk factors were similar. It was also found
that drinkers had higher Coronary Artery Calcification (CAC) index values than abstainers;
the mean value was 131.5 £ 362 in drinkers vs. 40.5 £ 320 in abstainers (p <0.001). It
was observed that major adverse cardiovascular events, MACE, was significantly lower
in drinkers than in abstainers, despite their higher CAC. The authors concluded that
this difference was mainly due to acute myocardial infarction (AMI) (0 vs. 6; p <0.03).
Importantly, higher CAC values, in this case, did not predict a worse prognosis. The likely
mechanism is lesion calcification, resulting in plaque stabilization and reduced clinical
events [147].

Kechagias et al. [158] carried out a prospective randomized study in 2011. They
indicated that red wine consumption in a moderate dose over three months increased
hepatic triglyceride content (HTGC) in subjects free of hepatic steatosis at the baseline.
However, as no participants developed hepatic steatosis, the authors suggest that the
alcohol intake limit to defining non-alcoholic steatohepatitis should be no more than
150 mL for women and 300 mL for men.

In contrast, a prospective cohort study of Jani et al. [153] found that drinking red wine
with food and staggered alcohol consumption over 34 days was connected with a reduced
risk of fatality and vascular events for regular drinkers, after correcting for the influence of
the mean alcohol intake. They said that drinking red wine was connected with a 48% lower
risk of cirrhosis, 31% lower risk of MACE, 25% less chance of mortality, and 10% lower risk
of alcohol-related accidents/self-harm than heavy alcohol.

Tresserra-Rimbau et al. [127] carried out an observational study within the PREDIMED
trial to evaluate the association between intakes of total polyphenol and polyphenol subgroups
and the risk of major cardiovascular events (myocardial infarction, stroke, or death from cardio-
vascular causes). They showed that hydroxybenzoic acids were strongly and inversely associ-
ated with CVD after controlling for potential confounders (HR Z 0.47; CI Z 0.26-0.86; p-trend:
0.02). However, it was observed that hydroxycinnamic acids (138422 mg/d) were supplied
with the highest amount from the diet, followed by hydroxybenzoic acids (6.9-36.1 mg/d)
and the lowest amount of phenolic acids (0.1-17.9 mg/d).

Over the past five years, the topic of wine properties in research seems to have
taken a different direction compared to an older period. Aside from the identification
of compounds responsible for the cardioprotective properties of this beverage, research
focusing on its action mechanisms, particularly resveratrol and other stilbenes, has become
the leading trend.

In turn, a meta-analysis with 48,423 men and women showed that alcohol consump-
tion with all assessed ]J-shaped outcomes compared to current non-drinkers, with a risk
reduction that peaked at 7 g/day (relative risk 0, 79, 95% confidence interval 0.73-0.85) for
all-cause mortality, 8 g/day (0.73, 0.64-0.83) for cardiovascular mortality, and 6 g/day (0.50,
0.26-0.96) for cardiovascular events, and remained significant up to 62, 50, and 15 g/day,
respectively [17].



Nutrients 2021, 13, 4269

15 of 29

To summarize this section, although the French paradox has been studied for over
50 years, there are still areas that require well-designed, long-term randomized trials. As
shown in the observational studies presented, alcohol correlates with better HDL outcomes
but does not affect other parameters such as TG, LDL, lipoproteins vs. clotting factors, CRP,
and oxidized LDL levels.

Clinical Trials

Earlier human studies demonstrated that short-term dietary intake interventions with
ethanol in moderate amounts, red wine with ethanol, or sparkling wine low in polyphenols
decreased the atherosclerosis risk as assessed by the appropriate biomarkers. Of note,
the superior health status observed with the Mediterranean diet [6,18], which combines
wine consumption in a mild range with a diet high in fruits, vegetables, and whole grains,
implies that the wine polyphenols have a synergistic effect with the compounds present in
other foods [165].

As mentioned before, there is a general consensus on a phenomenon of lower risk
of cardiovascular disease in moderate drinkers, but scientists are still debating whether
these effects are due to the presence of alcohol alone or to the non-alcoholic ingredients
of wine such as polyphenolic compounds [132]. These issues may be solved only by
performing randomized clinical trials assessing effects of wine compared to other alcoholic
beverages. This is the only way to examine the diet of the participants in order to eliminate
the antioxidative effect of other healthy compounds present in food such as vegetables and
fruits. So far, the results of various clinical trials have proven contradictory. The results
was shown in Table 6.

Table 6. Summary of major RCT studies evaluating wine intake and cardiovascular outcomes.

Intervention No. of Pts. Findings Ref.
90 day treatment with RSV 65 sVCAM-1 and tPAIT >1000 mg vs. 300 mg vs. [139]
(300 mg, 1000 mg and placebo) placebo groups
RSV <+ walking performance
RSV—125 mg/day or 500 mg/day or placebo 66 in people with PAD age >65 [140]
WW (2 drinks/day),
WW + TYR (25 mg) 33 YR a?g\?SITYR [54]
and water (control) ad libitum.
I. no EtOH,
II. 70 mL of tsipouro 38% ABV
IIL. 200 mL RW 13.5% ABV. 57 IBCS fr Iiwifk;g:{lblo el [141]
consumed of EtOH—27 g/day, om pertp oc celis
(8 weeks)
RW (150 + 100 mL of water),
IPA (250 mL), 20 TYR absorption [132]
blonde (250 mL), & endogenous conversion HT
and free beer (250 mL).
1TTLR4, TLR6 and Caspase-1
AAW or gin 41 JTLR2, Interleukin-1 receptor, 53]
(0.5 g EtOH/kg) chemokine receptor 3 & inflammasome
expression].chemokine receptor 5]
Tlevels of leptin (after RW and VDK)),
RW or VDK (3 units/day) 77 Tlevels of APO Al (after VDK), [166]

Tadiponectin
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Table 6. Cont.

Intervention No. of Pts. Findings Ref.

(a) fasting +30 g of EtOH from RW,

(b) fasting +30 g of EtOH from WW,

(c) fasting +30 g of EtOH from VDK,

(d) MeDM, (e) HEM,
(f) MeDM +30 g of ethanol from RW, 55 MALI + nutraceuticals + EtOH + MeDM [167]
(g) MeDM +30 g of ethanol from WW, Jthe risk of atherosclerosis
(h) MeDM +30 g of ethanol from VDK,
(i) HFM +30 g of ethanol from RW,
() HEM +30 g of ethanol from WW,
and (k) HFM +30 g of ethanol from VDK
LApo(B)/ Apo(A)
150 mL RW, WW or water 224 (ni0 progression in carotid-TPV) [168]
RW < IL-6,
200 mL/day RW TNF-« and CRI.J overwelght subjects
(4 weeks) 24 Tadiponectin [145]
Tantioxidant potential of LDL
1 in paraoxonase & adiponectin
230 mL/d (~24g alcohol/d) RW—women, 300
mL/day (~31g alcohol/d) RW—men or Eq o4 RW1BP by 2.5 +1.2/1.9 + 0.7mmHg, [169]
volumes of DRW or water RW ¢ glycemic or other CRF
(4 weeks)
gin (100 mL/day, 30 g EtOH), glucose <,
RW (272 mL/day, 30 g EtOH and 798 mg TP), 67 plasma insulin & HOMA-IR|[(RW & DRW), [58]
or DRW (272 mL/day, 1.14 g EtOH & 733 mg TP) HDL, apolipoprotein A-I & A-II 1 (RW & gin),

(4 weeks)

Lipoprotein| (RW)

AAW—Andalusian aged wine; ABV—Alcohol By Volume; BP—blood pressure; BCS—basal cytokine secretion; CRF—cardiovascular
risk factor; DRW—dealcoholized red wine; EtOH—ethanol; HFM—high-fat meal; IPA—Indian pale ale beer; MeDM—Mediterranean
meal; MAI—modrate alcolol intake; OHTYR—phenol hydroxytyrosol; RSV—resveratrol; RW—red wine; sVCAM-1—soluble vascular
cell adhesion molecule-1; TLR4—Toll-like receptors 4; TLR6—Toll-like receptors 6; tPAl—total plasminogen activator inhibitor; TP—
total polyphenols; TPV—total plaque volume; TYR—tyrosol; VDK—vodka; WW—white wine; Explanation of arrows: <+ no change;
1 improvement/increase; | decrease.

In contrast, data from the study by Di Renzo et al. [167] suggest that the combination
of low/moderate intake of alcoholic beverages, with proven nutraceutical efficacy, and
ethanol, combined with a Mediterranean diet may condition a reduction in atherosclero-
sis risk by positively modulating the expression of antioxidant genes that help prevent
inflammatory and oxidative damage [167].

Taborsky’s IVIV study evaluated the effects of long-term regular red and white wine
drinking on biomarkers of atherosclerosis. HDL level was assessed first, followed by total
cholesterol, LDL, TG, LDLox, CRP, myeloperoxidase, I1-6, 11-18, matrix metalloproteinase,
glutathione s-transferase, soluble CD40L, and fatty acid binding protein. According to
several studies, white wine showed lower antioxidant capacity and antioxidant protec-
tive effects of LDL than red wine [159]. The investigators observed white wine. An
inhibitory effect of red wine on the platelet-derived growth factor receptor (PDGFR) has
also been demonstrated. Furthermore, a stronger anti-inflammatory effect was found for
red wine compared to white wine consumption. However, wine drinking was shown to
be associated with changes in lipid profile with unchanged liver function. The levels of
gamma-glutamyl transferase, aspartate aminotransferase, and alanine aminotransferase
did not change significantly [170]. Some data suggest that fermented, i.e., red, wine con-
sumed in moderation results in the synthesis of conjugated linoleic acid (CLA), which has
anti-atherosclerotic, anti-inflammatory, anti-adipogenic, hypotensive, and anti-diabetic
effects. According to some scientific reports, the reduction in the risk of atherosclerosis is
mainly due to the anti-inflammatory effect, which reduces the chronic inflammatory process
occurring in large arteries such as the aorta and middle arteries, leading to the deposition
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of atherosclerotic plaques [171]. Results are also available confirming that polyphenols
reduce macrophage oxidative stress by inhibiting NADPH oxidase, 15-lipoxygenase, cy-
tochrome p450, and myeloperoxidase. Polyphenols from red wine are efficiently absorbed
in humans and bind to LDL, protecting it from oxidation. The resveratrol in wine and
other constituents also reduces the synthesis of lipids and eicosanoids that promote inflam-
mation and atherosclerosis, protecting the heart from ischemia, reperfusion damage, and
alleviating arteriosclerosis [164].

The hope is that in preventing secondary CVD, those who are presently drinkers may
not have to stop drinking. However, it is important to inform them that the lower risk
of death and following cardiovascular event is probably connected with reduced alcohol
intake, i.e., up to a level of approximately 105 g (which is six and a half beer/cider pints,
six and a half wine glasses or thirteen spirit shots) per week [17].

However, it must be understood that wine in any quantity is not recommended for
pregnant women, infants, liver disease patients, and in conjunction with some medications.
In addition, regular consumption of wine in people with a predisposition to alcoholism,
cirrhosis of the liver, migraine headaches, and allergies should be taken with caution [58].

4. Food-Drug Interaction

Drugs do not only have interactions with each other but also with food components.
Both chocolate and wine have documented cardioprotective properties, but the use of these
products by cardiac patients, including those with atherosclerosis, is a separate issue. Those
patients are on medication, very often on polytherapy, which increases the incidence of
drug-food interactions. Various possible interactions may enhance, weaken, or completely
change the effect of the drug. This narrative review summarizes the available data on
interactions, especially of anti-atherosclerotic and lipolipemic drugs with phytochemicals
present in chocolate and wine (polyphenols, flavon-3-ols, and stanols) and alcohol. The
physician should inform the patient of possibility of alternation of the therapy effective-
ness by nutrients provided with the diet. Drug—food interactions can occur both in the
pharmacodynamic phase, where synergism and antagonism occur, and in all stages of the
pharmacokinetic phase (LADME). Moreover, chronic alcohol abuse leads to stimulation of
the microsomal enzyme system, increasing drug metabolism and elimination. This area
is important because it is possible to use additive effects of statins and diet and harness
existing synergies in order to lower the intensity of the drug or dose. As for pharmacother-
apy, the latest recommendations of the European Society of Cardiology (ESC) and the
European Atherosclerosis Society (EAS), include only three drugs for the management of
dyslipidemias: statins, ezetimibe, and a PCSK9 inhibitor, but others are still in use, the
characteristics of which are given in Table 7 [116].

Table 7. Characteristic of anti- atherosclerotic and hypolipemic drugs.

Group of Drug Name of Drug Mechanism Solubility Liver Metabolism
Atorvastatin Lipophilic CYP450 3A4
Rozuvastatin competitively inhibits Hydrophilic CYP450 2C9 and 2C19
Fluvastatin 3-hydroxy-3- Lipophilic CYP450 2C9 (minor)
Statins Lovastatin methylglutaryl- Lipophilic CYP450 3A4
Simvastatin coenzymeA Lipophilic CYP450 3A4
Pitavastatin (HMG-CoA) reductase, Lipophilic CYP450 2C9 (minor),
Pravastatin Hydrophilic glucuronidation
Fenofibrate activates
peroxisome proliferator weak inhibitors of
Fibrate Fenofibrate increasing lipol si,s Lipophilic CYP2C19 and CYP2A6,
Ciprofibrate tivatin % P ry + i,n pop weak do moderate
cTvating Ipopro’e inhibitors of CYP2C9.

lipase, and reducing
apoprotein C-III
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Table 7. Cont.
Group of Drug Name of Drug Mechanism Solubility Liver Metabolism
Evolocumab PCSKO9 inhibitors,
Inhibitor PCSK9 Al b negative regulation of Do not induc enzyme
irocuma
DLR
Associates with the
protein responsible for
. steroid uptake into the .
Choles.terc.ﬂ a bsorption Ezetimibe cell—NieIP;mnn—Pick C1 Lipophilic Does not induce
inhibitors like 1 (NPCIL1) in the ehzyme
intestinal mucosal
epithelium.
inhibit platelet
activation and
aggregation by
irreversibly blocking
the ADP P2Y12
Ticlopidyna receptor. CYP1A2, CYP2Be,
Antiplatelet drugs Clopidogrel inhibition of the Hydrophilic CYP2C9, CYP2C19,
ASA enzyme COX-1, and CYP3A4/5
inhibiting
prostaglandin
production, stopping
the conversion of AA to
TXA2
Although, in theory,
food or herbal
Rivaroxaban inhibitors/inducers of
Direct oral Dabicatran Competitively inhibit CYP3A4 or P-gp might
anticoagulants Aa 82 free and clot bound Hydrophilic interfere with the
pixaban N
(DOAC:S) offers Edoxaban factor Xa. pharmacokinetics of
DOACSs, no direct
evidence of such
interactions exist
EPA i DHA precursors
PUFA n-3: EPA’ DHA of prostaglandins, Lipophilic (CYP7A1) [172]

thromboxanes and
leukotrienes

The recommendations cover four situations:

(1) astatin as the drug of choice to improve prognosis in individuals with TG >200 mg/dL;

(2) patients with TG 135-499 mg/dL—irrespective of statins, administration of omega-3
fatty acids in a dose of 2 x 2 g/day is recommended;

(3) in primary prevention, reasonable LDL-cholesterol control TG >200 mg/dL fenofi-
brate or benzafibrate, together with statins;

(4) high cardiovascular risk groups, with reasonable LDL-cholesterol control with TG > 200
mg/dL, fenofibrate or benzafibrate together with a statin [116].

Although drug—food interactions are considered crucial for the efficacy of treatment
in various diseases, the mechanisms of many interactions of CVD and anti-atherosclerotic
drugs with chocolate and wine have not yet been studied. Little is currently known about
the interaction of wine with statins and antiplatelet drugs [1,38,39].

However, interactions may occur with different components of chocolate and wine,
especially polyphenols, and within this group of compounds, drug interactions with
resveratrol, followed by quercetin, have been described most extensively. The results of
studies on interactions between aspirin and gallic acid found in wine are also available [38].
It should be emphasized that the pharmacokinetics and pharmacodynamics of drugs can be
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altered by the presence of macronutrients such as fat or carbohydrate [42]. Thus, lipophilic
drugs are better absorbed in the presence of fat; thus, simvastatin, atorvastatin, and
lovastatin are likely to be better absorbed after consuming chocolate, whereas fluvastatin
and pravastatin, due to their hydrophilic nature, in the presence of wine [43]. Another point
to note is the effect of the pH of the food. Wine with a pH of 3.5-4.0 causes acidification of
the gastrointestinal contents, reduces the absorption of alkaline drugs, and increases the
absorption of acidic drugs [44].

The effect of food on various drugs is difficult to determine conclusively. Although the
data are summarized, they are often contradictory and disparate; therefore, their scope is
limited. In some cases, there is likely to be unrecognized synergism. For instance, virtually
no data are currently available describing interactions of statins with components of the
diet or dietary patterns in subgroups of the population, especially those most likely to
benefit if positive effects are found. Therefore, it is practically not possible at this time to
reach any firm conclusions [173].

4.1. Chocolate—Drug Interaction

The best-known interactions of chocolate, which contains small amounts of tyramine,
with drugs that are MAO inhibitors are described in the available literature [82].

Additionally, interactions of chocolate have been documented with drugs such as
antibiotics—e.g., ciprofloxacin or some bronchodilators such as theophylline [174].

Mergenhagen et al., reported a case of heart block following the concomitant adminis-
tration of linezolid with tyramine at a dose of 7 mg [175]. According to the recommenda-
tions, beverages and products containing a high content of tyramine should be avoided,
especially when administering drugs from the group of monoamine oxidase inhibitors.
The sympathetic response was compared by recording blood pressure in patients receiving
linezolid and tyramine with the control group receiving linezolid with placebo. In the study
group, an average increase in systolic blood pressure by 30 mm Hg was observed [176].

In contrast, in a study of 30 patients in double-blind crossover studies with 200 mg
of tedizolid and oral tyramine challenge, both the control and study groups showed an
increase in mean arterial pressure of 30 mmHg with 325 mg of tyramine. When using this
drug, there are no restrictions on the diet rich in tyramine [176].

In a double-blind study, 37 type 2 diabetic patients on statin treatment were randomly
assigned to consume a chocolate containing 2.1 g of plant sterol esters or receive ezetimibe
10.0 mg/day for 6 weeks. It was observed that ezetimibe promoted an increase of superox-
ide dismutase and glutathione reductase activities, while plant sterols did not change these
biomarkers. Among individuals who showed the greatest LDL-C and oxLDL-C reduction,
the oxLDL-C reduction observed in individuals under plant sterol treatment (—20.0%)
did not differ from the values found in individuals treated with ezetimibe (—21.1%). In
addition, 16 patients on plant sterol treatment reached the optimal therapeutic goal for
LDL-C (<70 mg/dL) [115].

Curtis et al. [64], on the other hand, conducted a parallel-design, placebo-controlled
study involving female patients with type 2 diabetes consuming 27 g/day (divided dose)
of flavonoid-enriched chocolate (containing 850 mg flavan-3-ols (90 mg epicatechin) and
100 mg isoflavones or matched placebo per year. The authors found that compared with
the placebo group, the combined flavonoid intervention resulted in significant reductions
in total cholesterol: HDL-cholesterol (HDL-C) (—0.2 & 0.1; p = 0.01) and LDL-cholesterol
(LDL-C) (—0.1 £ 0.1 mmol/L; p = 0.04) ratios. The estimated 10-year total risk of coronary
heart disease was reduced after the flavonoid intervention (flavonoid +0.1 &= 0.3 vs. placebo
1.1 £ 0.3; p = 0.02). Moreover, there is an additional benefit of flavonoids over standard
drug therapy in managing CVD risk in postmenopausal patients with diabetes mellitus
type 2 [64].

Statin intolerance, real or perceived, is an increasingly common problem in clinical
practice. The study by Scolaro et al. [176] aimed to evaluate the effects of statin therapy
at a reduced dose supplemented with nutraceuticals. Patients (n % 10) were selected and
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recruited for a pilot statin dose reduction protocol based on multivariate analysis. Patients
were given chocolate containing plant sterols at 2.2 g/day and green tea (two sachets/day)
for 6 weeks. Initially, 53 patients with type 2 diabetes treated with statins received fish oil
supplementation at a dose of 1.7 g EPA and DHA /day. Supplementation was conducted
for 12 weeks: standard statin therapy was maintained for the first 6 weeks and reduced by
50% from week 6 onwards. After six weeks of supplementation, plasma LDL-C decreased
by 13.7% £ 3.7, P% 0.002 and C-reactive protein by 35.5% =+ 5.9, as did the rate of cholesterol
absorption but not cholesterol synthesis. No difference was observed for plasma lipids,
inflammation, and cholesterol efflux P 1 0.03) in the study’s second phase with a reduced
dose of statins. Analysis of plasma lathosterol and campesterol suggested that the intensity
of LDL-C reduction was mediated by capacity or HDL particles after reduction in statin
dose compared with standard therapy. Despite the study’s limitations related to the
small sample size, the researchers highlight the potential of a new therapeutic approach
combining a reduced statin dose and specific compounds in the diet. These results may
benefit many patients with CVD or at risk of CVD who cannot tolerate high-dose statin
therapy [177].

Undoubtedly, a limitation of these studies is the use of chocolate enriched in flavonoids,
which is not practical in everyday life, so the results of these studies need solid long-term
clinical trials.

It should also be added that the interaction of chocolate with statins may occur due to
the presence of phenolic compounds whose hepatic metabolism, like that of selected satins,
usually follows the cytochrome CYP3A4 isoform.

Possible interactions for which the results are unknown include taking statins with
chocolate, which as a high fat product may increase the absorption of lipophilic drugs such
as atorvastatin, simvastatin, ezetimibe, and others and inhibit the absorption of hydrophilic
drugs. However, in the case of antiplatelet drugs, some studies are available suggesting
that chocolate acts synergistically with them and this may lead to bleeding as a result of
COX-I inhibition [41].

4.2. Wine-Drug Interaction

Red wine is a crucial component of the Mediterranean diet, but its consumption is
not allowed in most pharmacotherapy regimens [6,18,142]. Information on interactions
with alcohol is widely available both in the available scientific literature and in online
pharmaceutical encyclopedias such as drugs.com or Drug Bank.

Although drug administration and alcohol consumption during pharmacotherapy are
controversial, some researchers found a beneficial effect of moderate alcohol on lipid levels
in patients treated with statins. Zdrenghea et al., in a clinical trial showed that concomitant
administration of the simvastatin and consumption of 20 g of alcohol per day increased
HDL-C values and reduced serum LDL-C levels by 40%, compared with the administration
of drug alone [178]. However, the study had a serious limitation of having a small group
of 20 subjects [178].

In contrast, Smith et al. [179] evaluated the effect of moderate alcohol drinking
(20 g/day) on the efficacy and safety of fluvastatin therapy. The results showed a moderate
effect of alcohol on the pharmacokinetic parameters of fluvastatin; this was a slight increase
in AUC and a decrease in Cpax. Alcohol administration at a dose of 20 g/day did not
worsen the hypolipemic properties of the drug. Authors also assessed the effect of a higher
dose of alcohol (70 g/day) on the pharmacokinetics of fluvastatin and observed a slight
decrease in the AUC of the study drug. The administration of fluvastatin with 70 g/day of
alcohol did not change the LDL-C-lowering effect in the serum of the subjects, but increased
triglyceride levels compared with taking the drug alone. However, they observed large
variability in the results in pharmacokinetic parameters obtained in individual subjects.
The authors point to the need for further studies. No publications were found on the con-
comitant administration of atorvastatin and alcohol in humans. Therefore, consumption of
small amounts of dietary alcohol (20 g/day) used together with simvastatin or fluvastatin
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did not attenuate their hypolipemic effect; and even in the case of simvastatin, this amount
of alcohol had a beneficial effect manifested by an increase in HDL-cholesterol levels [178].
On the other hand, the combined use of statins (e.g., simvastatin, atorvastatin) with alcohol
leads to an inhibition of CYP450 3A4-mediated metabolism of these drugs and an increase
in their serum concentration as a result of share hepatic metabolism [39]. It is worth noting
that in larger quantities, chronic alcohol consumption is generally contraindicated during
statin therapy as it may increase the risk of liver damage and rhabdomyolysis [178].

Interference with the bioavailability of statins due to competition of flavonoids with
CYP450 enzymes, esterases, uridine diphosphate glucuronosyltransferases, and trans-
porters (P-glycoprotein, multidrug resistance proteins, organic anion transporting polypep-
tides, monocarboxylic transporters) should also be considered. Due to the low substrate
specificity of the transporters, disturbances in the bioavailability of statins and any drugs
transported with the above-mentioned carriers should be considered. Long-term supply of
red wine rich in flavonoids may modulate the expression of transporter genes and enzymes,
and therefore it may lead to an increase in the clearance of statins. In the future, particular
attention should be paid to the problem of the interaction of statins with red wine and
studies of the interaction between prescribed statin and food should be carried out [180].

When acetylsalicylic acid is taken together with wine, there is a synergistic interaction
and enhancement of the antiplatelet effect due to inhibition of cyclooxygenase I (COX-
I) in platelets, with consequent bleeding [40,41]. However, larger-scale studies are now
being conducted to determine the effects of polyphenols and their main representative
resveratrol on drug pharmacokinetics and pharmacodynamics [39,181]. Many studies
have investigated the effect of red wine components on CYP3A4 activity. However, some
research has shown that trans-resveratrol may non-competitively inhibit or inactivate
CYP3A4 and CYP3A5 and modulate CYP activity at the level of gene transcription [182].
Hyrsova et al. [181] demonstrated, that natural resveratrol derivatives (trans- and cis-RSV,
oxyresveratrol, pinostilbene, and pterostilbene) significantly inhibit CYP3A4/5 enzymatic
activities; however, only trans-RSV significantly inhibits CYP3A4/5 activity (both testos-
terone 6B-hydroxylation and midazolam 1’-hydroxylation) in micromolar concentrations
by a non-competitive mechanism, suggesting a potential risk of food—-drug interactions
with CYP3A4/5 substrates [181].

It is of note, however, that resveratrol is most probably not one of the principal compo-
nents of red wine that induces CYP3A4 inactivation. In fact, it was reported that red wine
fractions without resveratrol also significantly inhibited CYP3A4 in vitro. Furthermore, the
resveratrol found in red wine was too low to account for the degree of CYP3A4 inactivation
observed after red wine treatment. These conclusions were confirmed by inactivation stud-
ies using different types of red wine. This fact demonstrated that the level of resveratrol
did not correlate with CYP3A4 inactivation, as found in a previous study by Chan and
Delucchi [183].

Due to the high risk of cardiometabolic drug—food interactions, which are dangerous
to the health and life of patients, solid clinical studies to ensure the safety and efficacy
of pharmacotherapy must be carried out in the near future. However, preclinical inter-
action does not always refer to a clinical practice, which influences the optimization of
pharmacotherapy by health professionals [184].

5. Conclusions

Although research on the cardioprotective properties of the products discussed in
the review has been conducted for years, knowledge is still incomplete at present and
further extensive studies need to be undertaken. The review confirmed the cardioprotective
properties of investigated products when consumed in moderation. However, it should
be emphasized that the high energy value of these products, the complex composition of
the matrix, and the lack of guidance on the amount of consumption may lead to adverse
effects. As is well known, excessive alcohol consumption is a major cause of premature
death and excess calories lead to obesity and other related non-communicable diseases. On
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the other hand, there is little research on the interactions of polyphenols with other food
components and drugs. It seems advisable to carry out extensive research in this direction.
The adverse effects of excessive alcohol and caloric intake have been comprehensively
described in the literature. In contrast, there are few data on the interaction of polyphenols
with drugs taken in patients with cardiovascular disease.
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