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Learning outcomes:
By the end of this article, you should understand:

1. The links between the gut microbiota and cardiovascular disease pathology
2. The factors that may influence this relationship, and needs for future research
3. The potential therapeutic targets of the gut microbiota which may influence cardiovascular health

Introduction to CVD
Cardiovascular disease (CVD) is a term used to describe diseases of the heart and circulatory systems, including peripheral vascular
disease, coronary heart disease (CHD), pericardial disease, valvular heart disease, atrial fibrillation (AF), vascular dementia
and stroke (1,2).
The British Heart Foundation estimates that 7.6million people are living with CVD in the UK (2). CVD is estimated to cause 27% of all
deaths (2), cancer has overtaken CVD as the leading cause of death for women, but CVD remains the leading cause of death
in men (3).
Risk factors for myocardial infarction (MI) include smoking, genetic predisposition, abnormal blood lipid profile, high blood pressure,
diabetes mellitus, abdominal obesity, psychosocial factors (such as depression), low consumption of fruit and vegetables, alcohol
consumption and low physical activity levels (4). A large proportion (80%) of people with CVD also have a comorbidity, with as many
as a quarter having five comorbidities (5), such as depression, arthritis, asthma, anxiety, type 2 diabetes and obesity (5).

Introduction to the gut microbiota
Our gut microbiota (GM) is the collection of living organisms that reside in the entire gastrointestinal (GI) tract. The GM is predominantly
bacterial, but also contains viruses, fungi and archaea. The GM has many roles, some of which are well defined including the
development of the immune system, harvesting of energy from food, production of certain vitamins, maintaining barrier integrity and
protecting against pathogens (6). The GM has also been associated with the development of many diseases, through the modification of
multiple metabolic communication pathways. There is ongoing research looking at its role in non-gut diseases such as those of the brain,
lung, skin and cardiovascular systems.

CVD and dysbiosis
Dysbiosis can be defined as ‘any change to the composition of resident commensal communities relative to the
community found in healthy individuals’ (7). This change in GM composition is linked with changed physiological function, (8)
and is the focus of much research in many disease states.
Studies have found differences in the GM of people with CVD (9). One study which reviewed the GM of 218 people with
atherosclerosis versus healthy controls found increased abundance of pathogenic strains of Enterobacteriaceae (including Escherichia
coli, Klebsiella species, and Enterobacter aerogenes) and Streptococcus species, and a reduction in Bacteroides, which are thought
to have a positive anti-inflammatory action (10). They proposed that the different microbial compositions may affect their metabolic
products, increase inflammation and contribute to atherosclerosis.
Other studies have demonstrated different profiles of GM in people with hypertension, with increased ratio of Firmicutes to Bacteroides,
which may lead to reduced Short Chain Fatty Acids (SCFA) action and increased inflammation. In animal models, a GM transplant from
hypertensive rats significantly increased blood pressure in healthy rats, indicating GM involvement (11).
A number of small studies of patients with heart failure (HF) have found reduced GM diversity and low levels of core bacterial
species (12,13). These changes are associated with reduced barrier integrity in the gut and inflammation, also people with HF are more
likely to have pathogenic species in the gut and suffer from Clostridium difficile infection (13).
While altered GM composition has been found in those with CVD, at this stage (as with most diseases) it is unclear as to the
directionality of the relationship. There are also many confounding factors as the risk factors and pharmaceutical treatment of CVD also
impact the GM (10).

Potential messengers and pathways
The dysbiosis seen in CVD can impact the metabolism of various microbe-produced or modulated molecules, which may play a role
in the pathogenesis of the disease. Research in this area relies mostly on epidemiology and pre-clinical trials which are not conclusive.
However, some key messengers and pathways have been implicated (see Table 1) (9).

Table 1: Potential GM mediated messengers and pathways that influence CVD
Messenger/pathway

Detail

Trimethylamine-N-oxide

The GM metabolises nutrients choline and carnitine, such as L-carnitine (found
in animal products red meat, fish and eggs) (14). This process produces
trimethylamine which is converted into trimethylamine-N-oxide (TMAO).
TMAO has a role in both lipid, sterol and glucose metabolism. TMAO also
interacts with platelets and can increase clotting and be pro-thrombotic, which
has been demonstrated in mice models and also some very small human
trials (15). Other studies show atherogenic effect, mediated by the GM (16).
This could explain the link between high red meat intakes and CVD risk (17).
TMAO levels are positively correlated with risk of cardiovascular events such
as MI, stroke and death (14), however, the directionality of this relationship (as
with much epidemiological research) has not yet been proven. More human
intervention studies are required.

Bile acids

Bile acids are essential for the emulsification and absorption of dietary fat.
They are produced from cholesterol in the liver. The GM plays a role in the
metabolism of bile acids, during their conversion to secondary bile acids,
which is an important step in their lifecycle.
Dysbiosis can reduce this process and therefore impair cholesterol metabolism,
lead to increased LDL cholesterol levels and contribute to atherosclerosis
(18). The composition and amount of bile acids, and their derivatives are
significantly altered in those with HF (13).
Receptors for bile acid derivatives have been found to be involved in many
metabolic pathways including homeostasis of body weight, glucose and lipid
metabolism, vascular health and blood pressure (18).

Short-chain fatty acids (SCFA)

SCFAs are a key metabolite of the GM, produced by the fermentation of
dietary fibre. They include acetate, propionate and butyrate. SCFA are a key
energy source for gut epithelial cells, act as anti-inflammatory immune system
messengers and also help regulate certain metabolic pathways including lipid
metabolism (9).
One study has shown improvement in dysbiosis and an increase in SCFAproducing Bacteroides species upon fibre supplementation in hypertensive
mice. These had positive improvements including lowering blood pressure,
reducing cardiac fibrosis and left ventricular hypertrophy through
downregulation of inflammatory cytokines and gene regulation (19). More
human studies are required.

Other factors

Dysbiosis and alteration of the GM and the messengers outlined above may
impact the overall barrier integrity in the gut of those with CVD and have an
overall pro-inflammatory effect through other pathways (20).

Therapeutic interventions targeting the GM
Diet influences both GM and CVD risk, and diets that decrease risk of CVD often improve GM diversity. A direct, causal link has
not been demonstrated, however, it is sensible to focus on dietary manipulations that target both areas in addition to standard
medical treatments.

Fibre intake
Prebiotic fibre is the primary fuel of our GM, fermentation results in altered composition and activity of the GM, such as an increase
in SCFA producing bifidobacteria (21). Alongside known benefits of SCFA (including healthy gut cell turnover and reduced risk of
bowel cancer) they may also improve CVD metabolic outcomes (as discussed above). Epidemiological studies show that fibre intake is
inversely correlated with CVD risk (22). In the UK, it is recommended to have 30g/fibre per day, however, most people do not meet this
target, with the average adult consumption being only 18-19g/day (23).

Diverse plant-based eating
Low fruit and vegetable consumption has been shown to be a key risk factor for CVD (4). This may be due to its impact on fibre,
polyphenol and overall energy intake (being low energy density). In addition, newer research is highlighting the importance of a varied
plant based diet, showing that those who consume over 30 different plant foods per week have more diversity in their GM, which is
considered to be a marker of a healthy GM (24).

Mediterranean-style diet
A Mediterranean style is high in vegetables, fruits, grains and legumes and low in red meat and processed carbohydrates. It has been
found beneficial in both primary and secondary prevention of CVD (25). The exact mechanism of the diet isn’t entirely understood,
however, it includes benefits of antioxidants, fibre, low saturated and trans fatty acid content and low sodium. These factors may reduce
oxidative stress, increase nitric oxide production (a vasodilator) and reduce inflammation (26), which may involve GM-mediated
pathways.

Reduced red meat intake
Another potential benefit of increased plant consumption, is the natural reduction of red meat intake. TMOA intake is lower in vegetarian
and vegans versus meat eaters; red meat has been shown to increase circulating and faecal TMOA levels (27). Despite the lack of
certainty of the role of red meat in CVD, UK recommendations advise a maximum portion of 70g/day, (28) due to convincing evidence
for the risk of bowel cancer.

Polyphenols
Polyphenols are organic compounds found in plant foods including fruit, cocoa, tea and coffee (29). Some of the highest sources of
polyphenols are dark chocolate, flaxseed, berries (including blackcurrants, blackberries and strawberries), as well as olives, pecans,
hazelnuts and soy (29). Most polyphenols enter the colon undigested, where they interact with the GM, being converted into phenolic
acids, SCFA or affect the composition and activity of the GM (21). Specific polyphenols have been shown to have cardioprotective
effects, for instance, improving vascular function and atherosclerosis through interaction with the GM (8).

Probiotics
Probiotics may beneficially impact the GM metabolites outlined in table 1, alongside improved barrier function in the GI tract (20).
A recent meta-analysis of 34 studies including 2,177 adults found statistically significant effects of probiotics in the reduction of systolic
and diastolic blood pressure, total cholesterol, LDL-C, serum glucose, HbA1C and Body Mass Index (BMI); and elevation of
HDL-C (30). This review combined the results of studies using capsule, powder and milk-based probiotics and did not identify particular
strains or groups of people who would most benefit from probiotics. It is important to note that some studies have shown no benefit and
there is no consensus recommendation on this yet due to the weak quality evidence base.
Individual clinical trials show that the strains Lactobacillus reuteri NCIMB 30242 and Lactobacillus plantarum reduce LDL and total
cholesterol levels (8,30). Additionally, one systematic review focused on the role of Lactobacillus plantarum in the lowering of blood
pressure, and found clinically small, but statistically significant improvements for lowering systolic and diastolic blood pressure (31).
More large, high-quality trials are required to determine clear guidelines for use of probiotics in CVD. Currently they are not included in
national treatment guidelines, however, they are considered safe to use in CVD (32).

Practice recommendations
•

Encourage reduction of red meat intake, UK guidelines state a maximum intake of 70g/day. Swap red meat for lean meat such as
chicken and turkey, oily fish and encourage regular intake of plant based alternatives, for example tofu, soy, edamame, beans and
legumes.

•

Encourage a diverse, plant-based Mediterranean-style diet, rich in wholegrains, fruit and vegetables and sources of Omega 3 fatty
acids, such as oily fish and nuts and olive oil.

•

Focus on fibre intake to increase SCFA production, aim for 30g/day.

•

Encourage dietary diversity, aiming for 30 (or more) different plant foods per week.

•

There is not currently strong evidence to recommend specific probiotic supplements for the treatment or prevention of CVD, however
there is growing evidence of some benefit in the reduction of LDL and total cholesterol, and there is no risk of harm. This should be in
conjunction with dietary and lifestyle changes.

Summary
•

Dysbiosis is common in people with CVD.

•

The GM is emerging as a modulator of the pathology of CVD through interactions with various metabolic pathways.

•

Research is growing, but still limited in quality and more high-quality human trials are required.

•

Diet can impact GM and CVD risk, so it is a potential therapeutic target.

•

A high-fibre, Mediterranean-style diet, rich in varied plants and low in red meat is recommended to improve both the GM and
reduce CVD risk.

Continuing Professional Development (CPD) Questions
1) Which of these are risk factors for CVD?
a. Smoking
b. Low fruit and vegetable intake
c. Low physical activity levels
d. All of the above
2) Which of these statements best describes the term ‘Dysbiosis’?
a. A change in microbial composition relative to that found in the healthy population
b. Takeover of bad bacteria in the microbiome
c. Unhealthy gut bacteria composition
3) The gut microbiota are thought to impact CVD risk
a. Through direct communication with the heart muscle and blood vessels
b. Through a complex network of intermediary messengers which impact metabolic processes
c. Through both of the above
4) Trimethylamine-N-oxide (TMAO) is produced from nutrients found in which types of foods?
a. Wholegrains
b. Fruits and vegetables
c. Red meat and animal products such as eggs
5) Which of the following foods is not high in polyphenols?
a. Salmon
b. Dark Chocolate
c. Berries
6) Research shows that for a healthy diverse microbiome we should aim to eat how many different plant foods
per week?
a. 20
b. 25
c. 30
Answers on the last page
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Answers
1. d
2. a
3. b
4. c
5. a
6. c
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