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We’ve entered a new chapter in the understanding of chocolate’s health benefits, a chapter in 

which the plot takes a surprising turn. 

In the future we may look back on a small study by García-Cordero et al published in May 2023 

as marking a turning point in how chocolate affects health and by extension how other foods 

provide health benefit.1  The impact of foods may be less about how they affect our cells but 

rather what effects they have on our microbiome, the cells that live inside of us but that aren’t us. 

Before we talk about this new study, let’s review some of the earlier chapters in the chocolate 

story and how chocolate was linked to blood pressure and heart disease. 

The Story Up to Now 

The opening chapters to this chocolate story are now well known and start out with an article by 

Benjamin Kean published in 1944 that described the Kuna, an indigenous tribe who live off the 

Caribbean coast of Panama.  These people display a curious trait; their blood pressures do not 

increase with age, a characteristic that for years was assumed to be genetic.  In the 1990s 

Harvard sent Norman Hollenberg and fellow researchers to Panama to study the Kuna, analyze 

their DNA and identify the responsible genes. These researchers quickly realized that the Kuna’s 

stable blood pressures were not the result of lucky genetics; if individual Kuna moved away from 

their home islands to an urban area, their blood pressures quickly increased to an age predicted 

norm. 
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Meticulous evaluation of their lifestyle and diet revealed that the Kuna living on their home turf 

routinely consumed large amounts of cocoa as a beverage.2  A theory was developed that the 

nearly 2 grams per day of flavanols and polyphenols the Kuna normally consumed from these 

cold cocoa-like drinks were what provided protection against hypertension.3  This theory was 

adopted and assumed true until García-Cordero’s new study was published.  Now we have good 

reason to wonder. 

During the past decade, the theory that the cardiovascular benefits of cocoa and chocolate were 

due to cocoa’s polyphenol and flavanol content has been taken for granted and subsequent 

studies focused on what the daily dose of these chemicals should be.  (See Sidebar below.) Yet 

the research has been. frustratingly inconsistent at revealing an answer. Perhaps an alternative 

explanation was required. 

The New Chapter 

Let’s describe this García-Cordero study. It was a randomized, single-blind, parallel-group study, 

lasting 12 weeks.  Sixty adults aged 45-85 years-old were recruited in Spain to take part.  (One 

participant dropped out so n=59.)  Study participants were divided into three groups: Group 1 

consumed 5 grams per day of a powdered mixture of “red berries” that contained dried currants, 

raspberries, and blueberries; group 2 consumed 2.5 g/day of a polyphenol-rich cocoa powder, 

and group 3 consumed both the cocoa and red berry powders. All these products are made and 

sold by Salengei®, a Spanish nutraceutical manufacturer, which, before you ask, does not ship to 

the US. 

The researchers tracked cardiovascular biomarkers, including homocysteine, angiotensin-

converting enzyme (ACE), nitric oxide (NO), flow-mediated vasodilation (FMD), blood pressure 

and lipid profile. Additionally, specific metabolites, including secondary bile acids, short-chain 

fatty acids, and trimethylamine N-oxide (TMAO) were also measured to assess any effect these 

dietary additions had on the gut microbiome of test subjects. 

The participants that consumed cocoa showed significant reductions in TMAO (p = 0.03) and 

uric acid (p = 0.01), accompanied by an increase in FMD values (p = 0.03) and total serum 

polyphenols (p = 0.03) after the intervention. These values negatively correlated with the TMAO 

concentration (R = -0.57, p = 0.02). Additionally, an increase in carbohydrate fermentation was 

observed in those groups that consumed cocoa (p = 0.04) or red berries (p = 0.04). These 

increases were correlated with lower levels of TC/HDL ratio (p = 0.01), systolic (p = 0.01) and 

diastolic blood pressure (p = 0.01).  These results suggest that a modulation of the microbiome 

from cocoa or berries intake led to improvements in cardiovascular function. 

That adding the berry powder didn’t increase all the benefits assessed comes as a surprise.  If this 

were a multiple-choice quiz, we would have guessed that it would.  In fact, given our general 

predisposition to believe in synergy of all good things nutritional, we would have assumed that 

both berry powder and cocoa powder would have shown benefit and the combination would have 

had a greater impact than predicted by adding effects of each supplement alone, that the 

combination have had a synergistic effect.  But it didn’t.  The cocoa helped, the berries not as 

much. 



We should reiterate what wasn’t seen in the results:  the authors write, “…we found no 

significant differences between groups at the end of the intervention in the concentrations of total 

serum protein, NO, homocysteine, TMAO and ACE activity corrected by total protein … 

Between visits, we only observed a statistically significant increase for FMD values, in the cocoa 

powder group (p = 0.03) and a decrease in TMAO levels after the 12-week intervention in the 

C[ocoa] group (p = 0.03). We did not find any other significant change in any of the analyzed 

parameters between baseline and 12-weeks for any of the diets….”  The berries on their own had 

no significant benefit and their addition to the cocoa appears to have even negated cocoa’s effect 

on FMD and TMAO. 

The Newcomer: TMAO 

That trimethylamine N-oxide, abbreviated as TMAO, decreased in the cocoa group is the 

important finding here.  TMAO is a small organic compound in the class of amine oxides. It is 

usually found in marine organisms in particular things that live deep in the ocean at great 

pressures. It provides numerous benefits to such deep-sea creatures. But in people living on dry 

ground, TMAO appears to be a problem.  “In humans, a positive correlation between elevated 

plasma levels of TMAO and an increased risk for major adverse cardiovascular events and death 

is reported. The atherogenic effect of TMAO is attributed to alterations in cholesterol and bile 

acid metabolism, activation of inflammatory pathways and promotion of foam cell formation. 

TMAO levels increase with decreasing levels of kidney function and is associated with mortality 

in patients with chronic kidney disease.”4  

In a 2020 review and meta-analysis of earlier studies on TMAO and CVD, Guasti et al reported 

that elevated TMAO, “was associated with both major adverse cardiovascular events (RR = 2.05; 

95% CI 1.61-2.61) and all-cause mortality (RR = 3.42; 95% CI 2.27-5.15).”5  Having high 

TMAO doubles risk of something bad happening to a person’s heart and more than triples their 

risk of dying. 

TMAO is formed from trimethylamine (TMA), which is generated by  gut bacteria from dietary 

choline and phosphatidylcholine (lecithin).6 Another pathway, by which TMAO can be formed is 

through catabolism of L-carnitine and this may be why red meat, which is high in L-carnitine, 

raises risk of heart disease.  Much about TMAO remains confusing.  For example, seafood, 

which contains substantial amounts of TMAO, still seems to be heart healthy.  Lecithin, which is 

a key component of TMAO, also seems beneficial. 

It’s not clear why too much TMAO is so bad for humans, but it is clear that high levels are 

associated with progression of chronic kidney disease, atherosclerosis, heart disease, metabolic 

syndrome and type 2 diabetes.  For a while avoidance of the TMAO’s precursor chemicals was 

encouraged but this proved useless at lowering serum levels.  Over the last few years, it has 

become well established that the disease-causing high levels of TMAO are not due to dietary 

intake but are due to gut dysbiosis and that the approach to lowering TMAO is through altering 

the gut microbiome rather than dietary restrictions.7 

The García-Cordero study stands out as it is the first human clinical trial to show that cocoa 

consumption will lower TMAO levels.  The data from their study clearly suggests that cocoa 



does this by altering the fermentation by microbiota in the gut, that cocoa changes the gut 

microbiome in a way to lower TMAO in the serum.  This is a big thing. 

This information gives us a new way to understand why chocolate is good for our hearts.  It is 

exciting because using changes in serum TMAO will provide a way to quantify the effectiveness 

of different chocolates. 

The inverse association between cocoa and TMAO is one example of a food that provides 

benefit through its effect on the gut microbiome.  We should expect more examples of such 

relationships in the coming years.  As I wrote earlier, we’re entering a new chapter. 

Certainly, for those readers only interested in the bottom line of what to tell patients, these results 

still suggest we encourage adults to consume some cocoa daily.  For those who want to 

understand why foods do what they do when it comes to health, this study raises 

questions.  Dietary polyphenols, flavanols and anthocyanins are still considered the food 

constituents that play the important roles in good health.  We talk about them today the way we 

once talked about antioxidant vitamins and minerals (vitamins A,C,E, zinc and selenium and the 

acronym ACES); we assumed that these chemicals were the primary protectors of a healthy 

body. 

Dietary polyphenols are still believed to lessen the effects of ageing, in particular preventing 

decline of cognitive function8,9 and the development of CVD.10-12  A nearly identical study to this 

chocolate and berry trial was published in 2021, by the same group; the only difference was that 

instead of CVD markers, the participants were assessed for neurocognitive function.  While both 

the cocoa and red berry groups showed some improvement, the combination of interventions was 

most effective.13 

A 2016 meta-analysis conducted by Lin et al. reported that cocoa flavanol intake significantly 

improved various cardiovascular biomarkers, such as fasting insulin, insulin resistance, 

triglycerides, HDL-C, c-reactive protein and VCAM-1.14  A separate meta-analysis by Arab et 

al.  reported that tea consumption (three cups versus lees than one cup per day) reduced the risk 

of suffering a heart attack by 21%.15 We have regarded these chemicals as the “new 

antioxidants,” protecting the integrity of cells against oxidative damage.  It now looks like there 

is another, additional, explanation for benefit, one we had not considered previously. 

In the last few years our world view has started to shift, and we are emerging into a world where 

we recognize that multiple body systems are deeply influenced by the body’s microbiome.  No 

longer is the question what a food does to the body’s cells but also what it does to influence the 

gut microbiome.  We now understand that cocoa shifts the gut microbiome in positive ways.16,17 It 

is not necessarily the flavanols that are responsible.  Even chocolate’s positive effect on mood 

and emotions is now attributed to shifts in bacterial populations.18  The results of García-Cordero 

et al.’s CVD clinical trial serve to further support this line of thinking.19  

García-Cordero’s findings on TMAO stand out as a good example to focus our attention on the 

gut microbiome.   TMAO is formed by gut bacteria from choline-rich foods and TMAO blood 

levels are strongly linked with CVD risk in large scale clinical studies.20  In years past, we tried 



to lower dietary choline intake to lower TMAO in order to reduce CVD risk.  Instead, our focus 

is now, (or should be) on whether TMAO producing gut bacteria are present or not. Thus, 

García-Cordero’s findings are notable as their report is the first-time cocoa has been 

demonstrated to lower TMAO levels in humans.  They provide evidence for this theory why 

chocolate reduces heart disease: cocoa’s effect on gut bacteria reducing TMAO production 

brings benefit against CVD. This may be the most important finding of their study.  

Cocoa Is a Fermented Food 

What the García-Cordero et al. don’t mention, yet what seems to be a possible explanation may 

be the simplest.  Cocoa is a fermented food product.  A recent analysis of the microorganisms 

involved in cocoa bean fermentation suggests a complex ecosystem of at least 99 separate 

organisms that vary by geographical growing region.21  Kefir, which is produced by the 

orchestrated fermentation of bacteria and yeast working in a sequential concert, may only require 

a few dozen different species.22  Could it be that one or more of those nearly one hundred 

different microscopic organisms that take part in this cocoa’s fermentation create a metabolite 

that persists into the final processed cocoa powder that alters the consumer’s gut biome? 

Obviously, bacteria or yeast from the fermentation will not persist through processing, but a 

chemical they produce might. It could be as simple as an antibiotic substance that limits the 

growth of TMAO-producing bacteria.  It could be a growth-promoting substance that encourages 

competitors to outgrow the TMAO producers.  Or perhaps the exuberant bacterial or fungal 

growth during cocoa bean fermentation stimulates the beans, even after harvesting, to produce 

protective substances in response.  Recall how grapes make resveratrol as protection against 

yeast23  (and how this resveratrol production can be triggered by ultraviolet light). Perhaps even 

the chemicals we have thought as important players in recent years increase or decrease during 

fermentation?  I can add no citations in support of this idea as I have not come across any 

publication expressing a similar theory. 

We may ask if other fermented foods have a similar benefit through a similar mechanism to 

chocolate?  “Epidemiological studies have shown that the consumption of fermented foods is 

associated with reduced risks of type 2 diabetes, metabolic syndrome, and heart disease, along 

with improved weight management.”24  This list is rather reminiscent of the list of diseases 

associated with elevated TMAO. 

Probiotics and Fermented Dairy 

Some have suggested that taking probiotics might be helpful in lowering TMAO but the data are 

confusing.  One clinical trial suggests caution.  A 2015 paper by Boutagy et al reports treating 19 

young men with high dose probiotics (VSL#3) for two weeks and then comparing resultant 

TMAO levels against those who received placebo.  The probiotic did not lower TMAO 

production.  In fact, the VSL#3 was associated with a nearly 90% increase.25 

A 2018 report does describe a specific lactobacilli strain that lowers TMAO production in mice 

(Lactobacillus plantarum ZDY04).26 This is a situation where we prefer human data for 



confirmation; the overlap between human and mice gut biomes is small, only about 4%, so 

extrapolation from mice to humans may be unreliable. 

Fermented milk products in contrast to VSL#3, may be helpful.  In 2020, Burton et al compared 

the impact of regular milk versus fermented milk products on postprandial TMAO levels and 

reported that although TMAO increased, it rose less so when fermented milks were 

consumed.27 Soluble dietary fiber, in particular fermented fiber, has been reported to lessen 

production of TMAO in the gut.28 While there is widespread agreement that lowering TMAO 

production is desirable, there has been little data suggesting how best this might be done.  

A 2020 meta-analysis by Companys et al., examined the influence of fermented dairy products 

on CVD risk and calculated that “… fermented milk was associated with a 4% reduction in risk 

of stroke, ischemic heart disease, and cardiovascular mortality [RR (95% CI); 0.96 (0.94, 0.98)]; 

yogurt intake was associated with a risk reduction of 27% [RR (95% CI); 0.73 (0.70, 0.76)] for 

type 2 diabetes (T2D) and 20% [RR (95% CI); 0.80 (0.74, 0.87)] for metabolic syndrome 

development.”29  Consumption of fermented milk products, in contrast to acidified milk, suggest 

fermented milks are associated with transitory postprandial decreases in TMAO.30 These 

examples in which direct consumption of probiotic bacteria don’t seem to help but consumption 

of foods that these bacteria have fermented prompt this writer to wonder whether it is a 

metabolite left by these bacteria that is the active agent in providing benefit? 

Coffee 

Coffee is another common food in which the initial fruit undergoes fermentation prior to roasting 

and consumption.  A 2014 meta-analysis on long-term consumption and risk of CVD, reports a 

11% decrease in risk in those who consume an average of 1.5 cups of coffee per day.31  A 2020 in 

vitro study involving fecal slurries compared the effects of digestion on cocoa, tea and coffee 

chemistry with TMAO production. 

 “Results showed that digestion was required to unlock the …. potential of coffee and cocoa 

beverages, and that teas did not possess a strong inhibition potential either digested or 

undigested. By fractionating digested bioactive beverages, we determined that those fractions 

rich in chlorogenic acid were the most bioactive. Overall, this study suggests that regular cocoa 

and coffee consumption could be a nutritional strategy able to reduce TMAO levels.”32 

Wine 

When it comes to wine, the posterchild of fermented beverages, we’ve seen a progression of 

theories to explain it’s possible benefit against CVD.  Initially it was the ethanol content, then the 

polyphenol/resveratrol content that were given credit.33  At this point, we can’t say whether wine 

drinking impacts TMAO levels (or for tht matter good for one’s health).  A three week-long trial 

of adding a glass of wine a day to the diets of 42 men did not alter their TMAO levels even as it 

did shift the gut microbiomes significantly.34  

Some of the key bacteria responsible for chocolate fermentation may be proven to have specific 

value in the future.  At this point, we see little hint in the literature that they are being 



investigated to prevent CVD.  We should remember though how the major chocolate companies 

appear to perform unpublished proprietary research.  For example, both Mars and Callebaut 

market proprietary chocolate brands, which they claim are manufactured in special ways to 

enhance heart health.  Neither company provides details on why or how they have altered their 

processes to make these products healthier.  

To Be Continued 

It’s a new world we are entering, not just with chocolate but a wide range of other foods.  Where 

once vitamins and minerals were our focus of concern, and then antioxidants, now we are seeing 

the world in a new way, through a lens of and how the gut microbiome might be altered to 

improve health. 

 

SIDEBAR: Cocoa Polyphenols Clinical Study 

A recent large scale clinical trial using cocoa polyphenols should be mentioned in this discussion 

somewhere.  Howard Sesso et al conducted a large randomized double blind, placebo-controlled 

trial of cocoa extract supplementation for prevention of CVD and cancer that involved 21,442 

older US adults (12,66 women) between 2015 and 2020. Participants were randomly assigned to 

cocoa extracts [500 mg flavanols/d, including 80 mg (-)-epicatechin] or placebo. 

 

During a median follow-up of 3.6 y, 410 participants taking cocoa extract and 456 taking 

placebo had confirmed total cardiovascular events (HR: 0.90; 95% CI: 0.78, 1.02; P = 0.11). For 

secondary endpoints, HRs were 0.73 (95% CI: 0.54, 0.98) for CVD death, 0.87 (95% CI: 0.66, 

1.16) fand or MI, 0.91 (95% CI: 0.70, 1.17). 

 

Although the cocoa extract did not achieve statistical significance in reducing total 

cardiovascular events among these older adults, it did reduce CVD death by 27%. That should 

still encourage most adults to consume a bit more cocoa. [35]   

 

References 

1. García-Cordero J, Martinez A, Blanco-Valverde C, Pino A, Puertas-Martín V, San 

Román R, de Pascual-Teresa S. Regular Consumption of Cocoa and Red Berries as a 

Strategy to Improve Cardiovascular Biomarkers via Modulation of Microbiota 

Metabolism in Healthy Aging Adults. Full 

text: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10223313/pdf/nutrients-15-

02299.pdf 

2. Corti R, Flammer AJ, Hollenberg NK, Lüscher TF. Cocoa and cardiovascular health. 

Circulation. 2009 Mar 17;119(10):1433-41. 

3. Hollenberg NK, Fisher ND, McCullough ML. Flavanols, the Kuna, cocoa 

consumption, and nitric oxide. J Am Soc Hypertens. 2009 Mar-Apr;3(2):105-12. 

https://www.townsendletter.com/e-letter-38-cocoa-cardiac-events-and-microbiome/#_edn35
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10223313/pdf/nutrients-15-02299.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10223313/pdf/nutrients-15-02299.pdf


4. Velasquez MT, Ramezani A, Manal A, Raj DS. Trimethylamine N-Oxide: The Good, 

the Bad and the Unknown. Toxins (Basel). 2016 Nov 8;8(11):326. 

5. Guasti L, Galliazzo S, Molaro M, et al. TMAO as a biomarker of cardiovascular 

events: a systematic review and meta-analysis. Intern Emerg Med. 2021 Jan;16(1):201-

207 

6. Kaysen GA, Johansen KL, Chertow GM, et al. Associations of Trimethylamine N-

Oxide With Nutritional and Inflammatory Biomarkers and Cardiovascular Outcomes in 

Patients New to Dialysis. J Ren Nutr. 2015 Jul;25(4):351-6. 

7. Witkowski M, Weeks TL, Hazen SL. Gut Microbiota and Cardiovascular Disease. Circ 

Res. 2020 Jul 31;127(4):553-570. 

8. Devi SA, Chamoli A. Polyphenols as an Effective Therapeutic Intervention Against 

Cognitive Decline During Normal and Pathological Brain Aging. Adv Exp Med Biol. 

2020;1260:159-174. 

9. García-Cordero J, Pino A, Cuevas C, et al. Neurocognitive Effects of Cocoa and Red-

Berries Consumption in Healthy Adults. Nutrients. 2021 Dec 21;14(1):1. 

10. Rangel-Huerta OD, Pastor-Villaescusa B, Aguilera CM, Gil A. A Systematic Review 

of the Efficacy of Bioactive Compounds in Cardiovascular Disease: Phenolic 

Compounds. Nutrients. 2015 Jun 29;7(7):5177-216. 

11. Khurana S, Venkataraman K, Hollingsworth A, Piche M, Tai TC. Polyphenols: 

benefits to the cardiovascular system in health and in aging. Nutrients. 2013 Sep 

26;5(10):3779-827. 

12. Yamagata K. Polyphenols Regulate Endothelial Functions and Reduce the Risk of 

Cardiovascular Disease. Curr Pharm Des. 2019;25(22):2443-2458. 

13. García-Cordero J, Pino A, Cuevas C, Puertas-Martín V, San Román R, de Pascual-

Teresa S. Neurocognitive Effects of Cocoa and Red-Berries Consumption in Healthy 

Adults. Nutrients. 2021 Dec 21;14(1):1. 

14. Lin X, Zhang I, Li A, Manson JE, Sesso HD, Wang L, Liu S. Cocoa Flavanol Intake 

and Biomarkers for Cardiometabolic Health: A Systematic Review and Meta-Analysis 

of Randomized Controlled Trials. J Nutr. 2016 Nov;146(11):2325-2333. 

15. Arab L, Liu W, Elashoff D. Green and black tea consumption and risk of stroke: a 

meta-analysis. Stroke. 2009 May;40(5):1786-92. 

16. Sorrenti V, Ali S, Mancin L, Davinelli S, Paoli A, Scapagnini G. Cocoa Polyphenols 

and Gut Microbiota Interplay: Bioavailability, Prebiotic Effect, and Impact on Human 

Health. Nutrients. 2020 Jun 27;12(7):1908. 

17. Tian L, Tan Y, Chen G, et al. Metabolism of anthocyanins and consequent effects on 

the gut microbiota. Crit Rev Food Sci Nutr. 2019;59(6):982-991. 

18. Shin JH, Kim CS, Cha L, et al.  Consumption of 85% cocoa dark chocolate improves 

mood in association with gut microbial changes in healthy adults: a randomized 

controlled trial. J Nutr Biochem. 2022 Jan;99:108854. 

19. Witkowski M, Weeks TL, Hazen SL. Gut Microbiota and Cardiovascular Disease. Circ 

Res. 2020 Jul 31;127(4):553-570. 

20. Senthong V, Wang Z, Fan Y, Wu Y, Hazen SL, Tang WH. Trimethylamine N-Oxide 

and Mortality Risk in Patients With Peripheral Artery Disease. J Am Heart Assoc. 

2016 Oct 19;5(10):e004237. 

21. Viesser JA, de Melo Pereira GV, de Carvalho Neto DP, et al. Global cocoa 

fermentation microbiome: revealing new taxa and microbial functions by next 



generation sequencing technologies. World J Microbiol Biotechnol. 2021 Jun 

16;37(7):118. 

22. Bengoa AA, Iraporda C, Garrote GL, Abraham AG. Kefir micro-organisms: their role 

in grain assembly and health properties of fermented milk. J Appl Microbiol. 2019 

Mar;126(3):686-700 

23. Jung HJ, Seu YB, Lee DG. Candicidal action of resveratrol isolated from grapes on 

human pathogenic yeast C. albicans. J Microbiol Biotechnol. 2007 Aug;17(8):1324-9. 

PMID: 18051601. 

24. Kok CR, Hutkins R. Yogurt and other fermented foods as sources of health-promoting 

bacteria. Nutr Rev. 2018 Dec 1;76(Suppl 1):4-15. 

25. Boutagy NE, Neilson AP, Osterberg KL, Smithson AT, Englund TR, Davy BM, 

Hulver MW, Davy KP. Probiotic supplementation and trimethylamine-N-oxide 

production following a high-fat diet. Obesity (Silver Spring). 2015 Dec;23(12):2357-

63. 

26. Qiu L , Tao X , Xiong H , Yu J , Wei H . Lactobacillus plantarum ZDY04 exhibits a 

strain-specific property of lowering TMAO via the modulation of gut microbiota in 

mice. Food Funct. 2018 Aug 15;9(8):4299-4309. 

27. Burton KJ, Krüger R, Scherz V, et al. Trimethylamine-N-Oxide Postprandial Response 

in Plasma and Urine Is Lower After Fermented Compared to Non-Fermented Dairy 

Consumption in Healthy Adults. Nutrients. 2020 Jan 16;12(1):234. 

28. Li Q, Wu T, Liu R, Zhang M, Wang R. Soluble Dietary Fiber Reduces Trimethylamine 

Metabolism via Gut Microbiota and Co-Regulates Host AMPK Pathways. Mol Nutr 

Food Res. 2017 Dec;61(12). 

29. Companys J, Pla-Pagà L, Calderón-Pérez L, et al. Fermented Dairy Products, Probiotic 

Supplementation, and Cardiometabolic Diseases: A Systematic Review and Meta-

analysis. Adv Nutr. 2020 Jul 1;11(4):834-863. 

30. Burton KJ, Krüger R, Scherz V, et al. Trimethylamine-N-Oxide Postprandial Response 

in Plasma and Urine Is Lower After Fermented Compared to Non-Fermented Dairy 

Consumption in Healthy Adults. Nutrients. 2020 Jan 16;12(1):234. 

31. Ding M, Bhupathiraju SN, Satija A, van Dam RM, Hu FB. Long-term coffee 

consumption and risk of cardiovascular disease: a systematic review and a dose-

response meta-analysis of prospective cohort studies. Circulation. 2014 Feb 

11;129(6):643-59. 

32. Iglesias-Carres L, Racine KC, Neilson AP. Phenolic-rich beverages reduce bacterial 

TMA formation in an ex vivo-in vitro colonic fermentation model. Food Funct. 2022 

Aug 1;13(15):8022-8037. 

33. Arranz S, Chiva-Blanch G, Valderas-Martínez P, et al. Wine, beer, alcohol and 

polyphenols on cardiovascular disease and cancer. Nutrients. 2012 Jul;4(7):759-781 

34. Haas EA, Saad MJA, Santos A, et al. WineFlora Study. A red wine intervention does 

not modify plasma trimethylamine N-oxide but is associated with broad shifts in the 

plasma metabolome and gut microbiota composition. Am J Clin Nutr. 2022 Dec 

19;116(6):1515-1529. 

35. Sesso HD, Manson JE, Aragaki AK, et al; COSMOS Research Group. Effect of cocoa 

flavanol supplementation for the prevention of cardiovascular disease events: the 

COcoa Supplement and Multivitamin Outcomes Study (COSMOS) randomized 

clinical trial. Am J Clin Nutr. 2022 Jun 7;115(6):1490-1500. 



Published July 13, 2024 

About the Author 

 
Jacob Schor, ND, now retired, had a general practice with a focus on naturopathic oncology in 

Denver, Colorado. He served as Abstract & Commentary Editor for the Natural Medicine 

Journal for several years (https://www.naturalmedicinejournal.com/) and posts blog articles 

on natural therapies,  nutrition, and cancer (https://drjacobschor.wordpress.com/). He was a 

board member of CoAND and past president of OncANP, and is someone who is happier 

outdoors than inside. 

 

https://www.naturalmedicinejournal.com/
https://drjacobschor.wordpress.com/

