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Abstract

Chocolate is a widely appreciated foodstuff with historical appreciation as a food from
the gods. In addition to its highly palatable taste, it is a rich source of (poly)phenolics,
which have several proposed salutogenic effects, including neuroprotective anti-
inflammatory, anti-oxidant and cardioprotective capabilities . Despite the known benefits
of this ancient foodstuff, there is a paucity of information on the effects of chocolate on
in the context of chronic kidney disease (CKD). This review focusses on the potential
salutogenic contribution of chocolate intake, to mitigate inflammatory and oxidative
burden in CKD, its potential,, for cardiovascular protection and on the maintenance of
diversity in gut microbiota, as well as clinical perspectives, on regular chocolate intake

by CKD patients.

Keywords: chronic kidney disease, dark chocolate, oxidative stress, inflammation, gut

microbiota.



Introduction

(Poly)phenolics are natural botanical compounds that, in planta, act against pathogens
and protect the plants from ultraviolet radiation (Manach et al. 2004). In humans, dietary
(poly)phenolic intake has been proposed to facilitate anti-inflammatory, antimicrobial
and immunomodulatory effects (Manach, Scalbert, Morand, Rémésy, & Jiménez, 2004;
Marzocchella et al., 2011). Tea, wine, coffee, vegetables, fruits, nuts, cereals and cocoa
(often as chocolate) are common sources of (poly)phenolics in the diet (Scalbert,
Manach, Morand, Rémésy, & Jiménez, 2005).

Chocolate, a cocoa (Theobroma cacao L.) based product, is considered a good
dietary source of (poly)phenolic bioactives,, of which proanthocyanidins are the most
abundant, followed by monomeric flavan-3-ols, catechins and anthocyanins. Cocoa is
also source of fatty acids, microelements and methylxanthine alkaloids (Aprotosoaie,
Luca, & Miron, 2016; Seem, Yuan, & Tou, 2019). A number of studies have shown that
chocolate consumption, has neuroprotective, anti-inflammatory and cardioprotective
(blood pressure, endothelial function) effects, which include modulation of endothelium-
dependent vasodilation and increase cerebral blood flow (Mayorga-Gross & Esquivel,
2019; Verna, 2013).

Many of these complications are common in chronic kidney disease (CKD)
patients, and are associated with high cardiovascular risk and premature mortality. The
role of foods rich in bioactive compounds as an alternative therapeutic to mitigate
complications nicluding inflammation, oxidative stress and dysbiosis in CKD patients,
has been discussed previously (Mafra, Borges, et al., 2019). A range of studies have
identified optimized nutrition as one of the best strategies to prevent or reduce the
complications in CKD. For example, cranberry consumption known historically as a
strategy to treat urinary tract infections, can also be used to decrease inflammation and
oxidative stress in CKD (De Almeida Alvarenga et al., 2019). Brazilian acai fruit has also
been suggested as a food with anti-inflammatory and anti-oxidant action, and is a rich
source of flavonoids (Martins et al., 2018). Moreover, studies with curcumin have shown

interesting anti-inflammatory effects in CKD (Alvarenga et al., 2018; Alvarenga et al.



2020). Thus, much recent attention has focused on using (poly)phenolics in renal
nutrition (Vargas et al. 2018).

Chocolate has many health benefits, but its’ quality and salutogenic effects depend
on the percentage of cocoa. Hence dark chocolate, which contains more cocoa bean
solids of >80% of the total weight and cocoa butter, demonstrates the most health
(Montagna et al., n.d.).Few studies, however, have been published regarding the effects
of chocolate in patients with CKD (Rassaf et al., 2016). The aim of this review is to
discuss the role of dark chocolate, as a source of cocoa rich in bioactive flavanol food, as

a treatment option for CKD patients.

Chocolate
Chocolate is an ancient food, whose name is derived from the Nahuatl word cacahuatl.
The Mayo-Chinchipe people cultivated cacao as long as 5,300 years ago in central
America. For some religions, cocoa was considered to be of divine origin and gifted by
the Gods (Christenson, 2007; Favazza, 1984; Maiorana, 2007). Chocolate was often
consumed as a drink made from roasted and ground cocoa beans heated in water and
flavored with pepper and cinnamon to mask the bitter taste of the beans. For a period,
cocoa beans were also used as a bargaining chip by emperors (Verna, 2013). Initially, the
cocoa-based drink was used only by male adults, especially rulers, priests and warriors,
and it was considered a valuable and exclusively noble food (Maiorana, 2007). Over time
the use of chocolate in cooking, as well as medicine spread to the Old World. The
salutogenic effects claimed to date for chocolate have included anti-asthmatic (Physitian,
2020), calmative (All, 2020), anti-pyrogenic (De, 2020) and anti-oncogenic effects
(Juarez Lopez, 2012). Due to increased demand for the product, cocoa plantations have
expanded in the Caribbean and Philippines (Cards et al., 2020; Kitto, 1920; Maiorana,
2007). In addition to planting cocoa, the dispersal of cocoa seeds in the wild occurs
through animal vectors, such as monkeys and parrots (Maiorana, 2007).

Chocolate bioactives include methylxanthine and (poly)phenolics. In fact, cocoa is
an important source of dietary (poly)phenolics (principally proanthocyanidins, catechins
and anthocyanidins) (Wollgast & Anklam, 2000). The proanthocyanidins are classified as

dimeric procyanidins type B and trimeric type C, flavonols, anthocyanins, stilbenoids,



phenolic acid derivatives, amides and amines. The procyanidins are composed of two, or
more chemical bonds of catechin or epicatechin units.

The beneficial effects to human health have been attributed to the darker varieties
of chocolate, with higher cocoa content compared to milk chocolate: the number of
phenolic compounds and flavonoids in dark chocolate is around five times higher than
milk chocolate and white chocolate. A common feature of all chocolate products is the
high energy profile (30 g fat per 100g), with sugar content around 52 g per 100g in milk
varieties (USDA). Both higher sugar and fat contents are therefore relevant for potential
adverse health effects associated with high consumption (Petyaev & Bashmakov, 2017,
Mello et al 2015)

Flavonoids present in cocoa display significant anti-oxidant capacity and the
position of hydroxyl groups in the molecular structure seems to be a key factor for such
activity. The configuration, substitution and total number of hydroxyl groups influence
the antioxidant activity, such as radical scavenging and metal ion chelation capacity. The
hydroxyl configuration of the B ring is the most important factor in the elimination of
reactive oxygen species (ROS) and reactive nitrogen species (RNS), because it donates
hydrogen and an electron to the hydroxyl, peroxyl and peroxynitrite radicals, stabilizing
them and forming a more stable flavonoid radical (Cao, Sofic, & Prior, 1997; Kumar &
Pandey, K., 2013).

Cocoa flavonoids, mainly epicatechin, are important mediators of cellular anti-
oxidant and anti-inflammatory responses mainly to increase the mRNA expression
Nuclear factor erythroid 2-related factor 2 (Nrf2) pathway. There are some mechanisms
that can explain these benefits. Firstly, (poly)phenolics provide a substrate for the
production of alkyl catechols, known as Nrf2 agonists (Senger, Li, Jaminet, & Cao, 2016;
Stenvinkel, Meyer, Block, Chertow, & Shiels, 2019). Alkyl catechols and catechol are
generated from some Lactobacillus species such as L. plantarum and L. brevis, L.
collinoides, wich posses phenolic acid decarboxylase e cinnamoyl esterase. These
compounds can liberate Nrf2 from Keaplin the cytoplasm, which can be translocated to
the nucleous and increase the heme oxygenase-1 (HO-1), NAD(P) H:quinone
oxidoreductasel (NQOI1), and glucose-6-phosphate dehydrogenase (G6PD) mRNA

expression (Senger et al. 2016).



Secondly, (poly)phenolics present in cocoa can downregulate the phosphorylation
of mitogen- activated protein kinases (MAPKSs) and phosphatidylinositol 3-kinase (PI3K)

(Ali, Ismail, & Kersten, 2014; Cordero-Herrera, Martin, Goya, & Ramos, 2015;
Rodriguez-Ramiro, Ramos, Bravo, Goya, & Martin, 2012), which can trigger the release
of Nrf2 from the complex through phosphorylation of Nrf2 (Eggler, Gay, & Mesecar,
2008; Huang, Nguyen, & Pickett, 2000). Additionally, epicatechin mediates anti-

inflammatory effects in vitro via inhibition of nitrite formation, inhibit ion of IL-14 -
induced expression of iNOS, by blocking the nuclear p65 subunit of NF-xB (M. J. Kim et

al., 2004) and via regulation of NF-«xB, activating protein 1 (AP-1), decreasing the

expression of a family of genes that encode por-inflammatory proteins (Ali et al., 2014).

Furthermore, epicatechin can inhibit the IkB-kinases, leading to the suppression of the
phosphorylation of IkB, inactivating nuclear factor-«B, thus attenuating the inflammatory

reaction due reduction of cytokines synthesis (Li et al. 2019; Prince et al. 2019) (Figure
1).

Consequently, (poly)phenolics demonstrate positive cardiovascular effects, through
action on endothelial vasodilation and platelet aggregation (Heiss et al., 2010; Keen,
2001; Kluknavsky et al., 2016; Taubert, 2008; Wang, Feltham, Suh, & Jones, 2019). This
has been demonstrated in type-2 diabetic patients, with high-polyphenol chocolate
ingested prior to induced acute transient hyperglycemia (Mellor et al 2013).
Correspondingly, the effects on the endothelium were accompanied by a decrease in the
expression of oxidative stress markers. In addition, the ability to regulate mitochondrial
structure and function may contribute to the cardiac protection attributed to epicatechin
(Chidambaram, et al. 2018). As polyphenolic compounds present in cocoa demonstrate
these cardiovascular health benefits (Magrone, Russo, & Jirillo, 2017), there has been
increased interest in cocoa within the pharmaceutical and nutraceutical spheres
(Gammone et al., 2018).

Despite the many benefits demonstrated in these studies, the efficacity of this
approach is limimited, in that dietary acquired (poly)phenolics have low bioavailability

(Prakash, Basavaraj, & Chidambara Murthy, 2019; Zugravu & Otelea, 2019). Among



these (poly)phenolics, epicatechin, however, seems to be better absorbed than others
(Williamson, 2009). After ingestion, epicatechin released from the food matrix becomes
bio-accessible and absorbed into the gastrointestinal tract. In enterocytes, aglycones can
be conjugated by phase II enzymes, resulting in sulfated/methylated and/or
glucuronidated to form conjugated enzymes. These bioactive metabolites reach the
systemic circulation and are subsequently excreted via urine or bile (Prakash et al., 2019).

Some unabsorbed epicatechins reach the large intestine and are further excreted in
the faeces. The low absorption of epicatechins may be offset by local positive effects
(Zugravu & Otelea, 2019). As colonic microbes can transform unabsorbed
(poly)phenolics into low molecular weight metabolites (Gonthier et al., 2003; Monagas et
al., 2010), which act as Nrf2 agonists (Senger et al. 2016) dietary composition and gut

microbe diversity are critical mediators of any salutogenic effects.

Chocolate and the microbiome

The “microbiome” is generally used to collectively term the microbes and their
associated genomes, that present as a community within a given location (e.g. the gut)
(Marchesi & Ravel, 2015). The alternative term “microbiota” is used to describe the
microbes per se, and “microbiome” genomes, or collective coding capacity. The gut
microbiota comprises the largest population of microorganisms colonizing the human
body (Qin et al., 2010). Its activities can release nutrients for the body through the
fermentation of nondigestible foods within the large intestine (Cani, Everard, & Duparc,
2013). In addition, its compositional diversity and abundance prevent establishment of
undesirable pathogens within the gut (Cigarran Guldris, Gonzalez Parra, & Cases
Amenos, 2017).

Deviations from a normal core microbiome to an altered microbiome (dysbiosis)
(Hooks & O’Malley, 2017) have been associated with a range of diseases, including
chronic kidney disease (CKD), neurodegenerative diseases, obesity and cardiovascular
disease. Changes in thmicrobial profile occur due to altered intestinal transit
(constipation), reduced dietary fiber intake, use of phosphate binders, antibiotics,
decreased protein absorption, high red meat intake, low intake of fruit and vegetables and

oral iron supplementation (Mafra et al. 2019; O'Toole & Shiels, 2020). Pro-inflammatory



and pro-oxidant microbial metabolites from alterations within the core gut microbiome
contribute to both inflammatory burden and uremic toxicity (Mafra et al. Claesson et al.
2012) and bioactive compounds such as (poly)phenolics modulate the gut microbiota in
humans (Mafra, Borges, et al., 2019; Shiels, Buchanan, Selman, & Stenvinkel, 2019;
Stenvinkel et al., 2019; Tzounis et al 2011; Istas et al. 2019; Guglielmetti et al 2020).
Although nutritional therapy based on bioactive compounds, including (poly)phenolics
has been discussed previously (Mafra, Borges, et al., 2019), there are no studies showing
efficacy for cocoa-derived (poly)phenolics in CKD. Due to the benefits provided to the
host, (poly)phenolics have been included as a prebiotic, non-digestible compounds
responsible for modulating the composition of the intestinal microbiota (Bindels,
Delzenne, Cani, & Walter, 2015; Marchesi et al., 2016). Thus, inclusion of
(poly)phenolics in the food regime provides health benefits to the host (Oteiza, Fraga,
Mills, & Taft, 2018; Tomas-Barberan, Selma, & Espin, 2016).

One of the main mechanisms by which cocoa derived (poly)phenolics modulate the
gut microbiota is through support of colonization by Lactobacillus spp. and
Bifidobacterium spp (Tzounis et al, 2011). Subsequent metabolism of phenylacetic,
phenylpropionic and valerolactones (poly)phenolics results in activation of anti-
inflammatory pathways (Fraga, Croft, Kennedy, & Tomas-Barberan, 2019; Magrone et
al., 2017; Tomadas-Barberan & Espin, 2019). These activities are modulated through
chemical reactions such as hydrolysis (ester hydrolysis and O-deglycosylations), cleavage
(C-ring cleavage, delactonization and demethylation) and reduction, principally through
dihydroxylation and double-bond reduction (Espin, Gonzalez-Sarrias, & Tomas-
Barberan, 2017).

As many (poly)phenolics derived from the diet cannot be absorbed due to their
glycosyl moieties they rely on the intestinal microbiota to yield the aglycone, and smaller
phenolic acids as downstream catabolites (Tomas-Barberan & Espin, 2019).
Consumption of (poly)phenolics also promotes the growth of Akkermansia muciniphila,
Faecalibacterium prausnitzii, Roseburia spp., which enhance host metabolic capabilities
(Anhé et al., 2015; Neyrinck et al., 2017; Roopchand et al., 2015). Akkermansia
muciniphila has been studied for its ability to restore mucus production as well as the

thickness of the intestinal layer (Derrien, Belzer, & de Vos, 2017; Ottman et al., 2016).



Experimental studies have demonstrated bacterial colonization and modulation of
the intestinal microbiota by dietary cocoa consumption (Massot-Cladera et al., 2014). A
study in humans has evaluated the health benefits from consumption, for one month, of a
drink with a high cocoa flavanol content (494 mg flavonols/day) compared with a low
cocoa drink (23 mg cocoa flavanol/day). An increase in Lactobacillus and
Bifidobacterium populations were subsequently observed, along with a decreases in the
pathogenic clostridia count. In addition, reduction in triglycerides and C-reactive protein,
levels have suggested a prebiotic benefit with flavanol-rich foods (Koh, 2003; Tzounis et
al 2011). Janani et al. (2019) have observed that 90 children who received 30g of dark
chocolate for 3 months presented with reduction in S. Mutans colony count, beneficial for
oral health. Moreover, mice that received cocoa have shown a reduction in the Firmicutes
and Proteobacteria phyla and increase in the number of bacteria from the Cyanobacteria
spp e Tenericutes, associated with improved intestinal integrity (Nagalingam, Kao, &
Young, 2011). A study in obese patients supplemented with 10g of dark chocolate for one
month showed an increase in Lactobacillus associated with decrease corneocyte
exfoliation (Wiese et al., 2019). Additionally, 30 healthy individuals supplemented with
40g of dark chocolate for two weeks showed a reduction in p-cresol sulfate, a toxin
produced by the gut microbiota (Martin et al., 2009).

Suggest:

A range of studies in humans and in preclinical model organisms, have indicated
that dietary intake of chocolate has a number of salutogenic effects resulting from
modulation of gut microbiota diversity. These include improved gut inergrity, less

inflammation..... ( refs from above)

One potential sequale from these observations is that dark chocolate may decrease
the levels of uremic toxins in CKD by reducing the degree of gut dysbiosis and
improving gut barrier integrity; this merits further investigation. However, the most
important focus for study of the effects of chocolate in CKD relates to associated
cardiovascular (CV) complications. Few studies, however, have investigated chocolate as
a nutritional strategy to attenuate risk factors for CV complications, such as

inflammation, oxidative stress and endothelial dysfunction.



Chocolate and cardiovascular health
Cardiovascular diseases are considered the leading cause of death worldwide (Gaviria,
Ramirez, Alzate, Contreras, & Jaramillo, 2020). Pertinent to this, a number of studies
have demonstrated that endothelial function can be improved by consumption of dark
chocolate (Balzer et al., 2008; Gammone et al., 2018; Heiss et al., 2005; Monahan et al.,
2011; Schroeter et al., 2006; Rodriguez-Mateos et al, 2018). Cardiovascular disease and
associated endothelial impairment, is related to the bioavailability of endothelial nitric
oxide (NO) (Gammone et al., 2018). This can, in part, be mitigated by an increase in NO
availability, though consumption of nutritionally derived flavonoids derived from cocoa
(Ludovici et al., 2017). The flavonols present in cocoa increase the bioavailability of NO,
triggering the activity of NO synthase (eNOS) and l-arginine by degradation of arginase.
Mechanistically, epicatechin for example, does so thorugh induction of phospholipase
C in the endothelial cell membrane, , which in turn releases Ca2 into the cytoplasm,
thus forming the Ca2+/calmodulin-complex that leads to endothelial nitric oxide
synthase activation, which increase NO synthesis and promote vasodilation. Thus,
flavonols promote relaxation of the arteries by relaxing the hyperpolarizing factor of NO,
thus causing vasodilation (Schini-Kerth, Auger, Etienne-Selloum, & Chataigneau, 2010;
Kirch et al. 2014). Additionally, the flavonols present in cocoa inhibit platelet activation
(Jumar & Schmieder, 2016). In support of this, epicatechin monomers have been
postualted to be responsible for improvements in vascular function (via increased flow-
mediated vasodilation) in healthy men (Rodriguez-Mateos et al, 2018). Treatment of
human endothelial cells from umbilical veins (HUVEC) with cocoa extract has been
reported to reduce angiotensin-converting enzyme (ACE) activity, which successfully
translated to treatment of healthy individuals, who demonstrated a similar effect three
hours after intake of 75g dark chocolate (Persson, Persson, Higg, & Andersson, 2011).
Epicatechin can also inhibit NADPH oxidase, consequently reducing the synthesis of
superoxide anions (O°") and formation of peroxynitrite reduing oxidative damage and ,
leading to NO availablity (Steffen et al. 2007).

Yuan et al. (2017) (Yuan, Li, Jin, & Lu, 2017) have performed a meta-analysis of

14 prospective studies and found an association between chocolate intake and lower risk



of coronary heart disease (CHD), stroke and diabetes, when chocolate consumption of
30g serving equivlents, was <6 servings / week,. Correspondingly, several studies have
shown that (poly)phenolics help protect against atherosclerosis, hypertension,
dyslipidemia and inflammation, in keeping with tehse observations ( Table 1).

In toto, these findings indicate that the habitual consumption of dark chocolate
seems to have cardioprotective effect in healthy individuals’ due reduction of arterial
pressure and improvement of the endothelium function, associated with reduction on
oxidative stress (Al Sunni & Latif, 2014; Heiss et al., 2010; Taubert, 2008; Vlachopoulos
et al., 2007 ;Balzer et al., 2008; Mellor et al. 2013). The introduction of this bioactive
compound into the food routine can improve the coronary circulation, and consequently,
reduce the chances of strokes and cardiovascular events (Paillard, 2014; Ried, Fakler, &

Stocks, 2017).

Chocolate and central nervous effects
Chocolate consumption can provide psychological comfort (Bruinsma & Taren, 1999).
The production of the neurotransmitter serotonin can be stimulated through consumption
of chocolate and geenrate antidepressant effects (Borawska, 2006). Jackson et al., (2019)
have evaluated the relationship between chocolate consumption and symptoms of
depression, in a cross-sectional survey of 13,626 adults and found evidences that dark
chocolate consumption was associated with reduced incidence of clinically relevant
depressive symptoms. Conversely, the frequent desire for chocolate can trigger
dependence on the product and the individual can enter into the process of “emotional
feeding” (Bruinsma & Taren, 1999; Parker, Parker, & Brotchie, 2006; Rogers & Smit,
2000). The carving for chocolate can be explained by its organoleptic qualities resulting
from its high sweetness content, as well as its high palatability, which simulates
mesocorticolimbic circuitry, resulting in a pleasurable sensation (Berridge, Kringelbach
2016). Serensen & Astrup (2011) have observed that healthy individuals who ate 100g
of dark chocolate had a decreased desire to eat something sweet, savory or fatty, and they
were more satiated and less hungry five hours after eating the chocolate.

In small animal studies, cocoa intake and flavonoid action promoted angiogenesis

in the hippocampus and increase motor coordination (Cicvaric et al., 2018; Van Praag et



al., 2007). In humans, some studies have indicated a psychoactive property for chocolate
in modulating stress and mood. Sunni & Latif (2014). In a study with three groups of
supplementation (40g of dark chocolate, 40g of milk chocolate and 40g of white
chocolate for two weeks), students who received dark, or milk chocolate, had stress
reduced. Recently, Tsang et al., (2019) have studied salivary cortisol levels in 26 healthy
individuals and their respective subjective mood states, after 4 weeks receiving 25g of
high polyphenol dark chocolate, and observed a reduction in the total daily cortisol,
morning cortisol, and the cortisol/cortisone ratio. These observations are in keeping with
chocolate possessing significant psychoactive properties.

Methylxanthines, caffeine and theobromine are also components of chocolate
which have been proposed to have psychoactive activity, affecting cognitive function and
neuropsychologial actions, including learning and memory or blood flow promoting
angiogenesis (Crichton, Elias, & Alkerwi, 2016). Consumption of chocolate can result in
euphoria, resulting from stimulation of the neurotransmitter anandamide (a name derived
from the Sanskrit word "ananda" meaning bliss). This is an endogenous cannabinoid
naturally found in the human brain, that activates cannabinoid receptors, resulting in a
euphoric state of heightened sensitivity and analgesia (Di Tomaso, Beltramo, & Piomelli,
1996).

Flavonoids are capable of promoting psychological comfort, tranquility and
decreased fatigue in humans (Radin, Hayssen, & Walsh, 2007). Researchers have shown
that cognitive activities, such as learning and memory, are stimulated by the action of
flavonols, through mediation of key cellular signaling pathways, in particular the
phosphoinosi-tide3-kinase (PI3-kinase/Akt), mitogen-activated protein (MAPK) and
extracellular-signal-regulated (ERK) pathways. Through protein kinase inhibition,
flavonoids modulate signal transduction transcription factors (Goyarzu et al., 2004) and
promote the expression of brain derived neurotrophic factor (BDNF) that assists in
neuronal survival related to memory and learning in the subventricular zone and
hippocampus (D. H. Kim et al., 2006; Valente et al., 2009).

In toto, dark chocolate consumption affects the cardiac and central nervous systems
as well as the microbiome. A range of indications for the use of chocolate as a therapeutic

are listed in Table 2 and include physical exercise, Alzheimer disease, autism, visual



performance. The majority of uses have shown some benefit, suggesting that this use of
chocolate as a nutraceutical to mitigate the inflammatory and oxidative burden, and,

cognitive alterations in CKD patients, is of some merit.

Chocolate in chronic kidney disease

Patients with CKD display an increasing prevalence of premature cardiovascular events.
These are accompanied by a underpinning dysregulated ageing processes, typified by an
elevated oxidative and inflammatory burden, mitochondrial dysfunction (Carrero et al.,
2008; Dai, Schurgers, Shiels, & Stenvinkel, 2020; Kooman, Kotanko, Schols, Shiels, &
Stenvinkel, 2014) as well as low bioavailability of NO and early vascular aging (Heitzer,
Schlinzig, Krohn, Meinertz, & Miinzel, 2001; Kooman et al., 2017; Meyer et al., 2010;
Pedraza-Chaverri, Sanchez-Lozada, Osorio-Alonso, Tapia, & Scholze, 2016; Stenvinkel,
20006).

Cardiovascular complications in CKD could be mitigated via anti-oxidant and anti-
inflammatory propreties of (poly)phenolics present in cocoa (Chidambaram et al., 2018;
Mafra et al., 2018). Contributing to the improvement of blood pressure, inflammation and
insulin resistance, flavonoids can decrease or prevent kidney damage associated with
arterial hypertension, through the direct route of the renal parenchyma or by decreasing
blood pressure (Schnorr et al., 2008; Vargas et al., 2018; Zoccali & Mallamaci, 2016).

Experimental studies have shown interesting results regarding oxidative stress and
kidney structures after cocoa supplementation. An experimental study in male rats aged
12 weeks, supplemented with cacao polyphenol extract (CPE) for seven days after
induction of hepatic-renal oxidative stress by carbon tetrachloride (CCly), showed a
decrease in oxidative stress. Accordingly, reduced glutathione peroxidase activity was
detected in the kidneys (Miyazawa et al., 2015). In Sprague Dawley rats, cocoa and other
plant extracts used as a source of therapeutic flavonoids over a 6-week period, have been
observed to decrease blood pressure via enhanced vasodilator and anti-oxidant activity
(Paredes et al., 2018).

Pre-clinical studies in rats have indicated reno-protective activity for a range of
cocoa derived (poly)phenolics, including flavanols. These have showed that

nutraceuticals can reduce inflammatory and oxidative burden and decreased kidney



damage (Alvarez-Cilleros, Lopez-Oliva, Goya, Martin, & Ramos, 2019) and the
progression of renal failure (Papadimitriou, Peixoto, Silva, Lopes de Faria, & Lopes de
Faria, 2014).

A limited number of studies with polyphenol interventions in CKD and a
systematic review and meta-analysis show that hemodialysis (HD) patients who received
supplementation with foods rich in (poly)phenolics, such as turmeric, pomegranate,
cacao, grape, green tea and soy, showed clinical improvement, including improvement in
diastolic blood pressure, triglycerides and myeloperoxidase (Marx et al., 2017).

To the best of our knowledge, the potential impact of regular dark chocolate intake
on inflammation, oxidative stress, gut microbiota profile in CKD has not yet been
investigated in prospective longitudinal examination. However, one single study has
evaluated the effects of cocoa in HD patients. A randomized, double-blind, placebo-
controlled study, enrolled 57 HD patients who ingested cocoa flavanol (CF)-rich drinks
(900 mg CF/day) and compared these with a placebo group (Rassaf et al., (2016). Acute
ingestion improved flow mediated dilation and after 30 days CF group presented an
increase in baseline flow mediated dilation with reduced diastolic blood pressure.
Additionally, since CF improved endothelial dysfunction during a HD session, flavonoids

in cocoa deserve further studiesin CKD.

Conclusion

Evidence supports the use of cocoa as a nutraceutical agent to mitigate the effects of
CKD. A growing body of literature has indicated that (poly)phenolics present in cocoa,
provide a substrate for the growth of the normative core microbiome and engender the
production of alkyl catechols that act as cytoprotective agonists. Since cocoa derived
(poly)phenolics may reduce the inflammatory and oxidative burdens that accompany
CKD, it may have direct impact on cardiovascular risk and neuro-psychiatric factors
(Figure 2). However, many questions remain to be explored in this field: can regular
intake of dark chocolate be prescribed in CKD without side effects? Can it modulate
inflammatory processes? Many nutritional questions still remain to be answered with
respect to the toxic uremic milieu and nutritional resources are not all globally accessible

to CKD patients. This poses interesting challenges for public health and food scientists,



focusing on reformulation and health messaging (Mellor et al. 2018). Further studies on
the use of cocoa as a nutraceutical to mitigate the effects of CKD are thus warranted. For
chocolate lovers, positive results will confirm that this treat is divine and chocolate

craving is justified.
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