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Abstract

Hypertension is a persistent illness that affects the lives of one billion people 
worldwide. Hypertension, a nearly symptomless disease, damages blood 
vessels and organs and often causes a myriad of ailments including serious 
cardiovascular complications. In many clinical studies, red meat has been found 
to increase blood pressure and is linked with hypertension. Trimethylamine-N-
Oxide (TMAO), a compound produced mainly from the metabolism of red meat 
by intestinal microbiota, has been recently linked to cardiovascular disease. 
Careful review of current literature and recent findings suggests that TMAO 
could be the hypertensive component of red meat. This review provides a novel 
insight into the mechanism by which TMAO may induce hypertension.
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our knowledge on the potential mechanistic pathways of red meat 
metabolism and their influence on blood pressure could give insight 
into the pathology of hypertension and allow for development of 
therapeutic dietary guidelines that will give hypertensive patients an 
opportunity to regain control of their health. 

Evidence from clinical studies
The Dietary Approaches to Stop Hypertension (DASH) study, 

published in 2000, aimed to identify lifestyle modifications (other 
than reducing sodium intake, alcohol consumption, and weight) 
which would reduce blood pressure, manage hypertension, and give 
people control over their health.  In the original DASH diet trial, a 
combination diet rich in fruits, vegetables, low fat dairy products, 
whole grains, fish, poultry, and nuts with reduced intake of fats, sweets, 
and red meats (now known as the DASH diet) was compared to a diet 
which included increased fruit and vegetable intake (approximately 
10 servings per day) and both red and white meats [10]. The study 
kept sodium intake and body weight constant. It was found that the 
combination diet reduced systolic BP in hypertensive participants by 
11.4 mmHg, whereas the fruit and vegetable rich diet reduced systolic 
blood pressure by 7.2 mmHg [11]. The decrease in blood pressure in 
the combination diet is significantly greater than that of the vegetable 
and fruit diet. This suggests that red meat and sweets, only consumed 
in the fruit and vegetable diet, could be significant in upregulation of 
blood pressure. This prompted a series of studies that would assess 
individual food and components within the DASH diet and their 
contribution to hypertension. 

Red meat was among one of the food groups more carefully studied 
after the release of the DASH diet study. One research group from 
Deakin University, Australia, questioned the validity of excluding red 
meat from the DASH diet. They recruited a group of participants and 
placed them on a low sodium DASH diet, but incorporated 6 servings 
of red meat per week in their food regimen [12]. This study had their 
participants on the experimental diet for 14 weeks. After the 14 weeks 
ended, participants that had been given a low sodium DASH diet with 
red meat showed a decrease in systolic blood pressure by 5.6 mmHg 
[12]. This suggested that red meat was not positively correlated 
with blood pressure. However, when compared with similar DASH 

Introduction 
Hypertension is a chronic medical condition that affects over 50 

million people in the United States [1] and around 1 billion people 
worldwide [2]. It is defined by the American Heart Association as 
“having a systolic blood pressure over 140 mmHg or a diastolic blood 
pressure over 90 mmHg” [3]. In such a high-pressure environment, 
blood vessels become susceptible to weakness, scarring, blood clots, 
and plaque buildup. These conditions also increase the workload of 
the circulatory system, forcing the heart to pump harder to push 
blood throughout the body. This sometimes results in valve damage 
or heart failure [3]. While there are many components that contribute 
to hypertension, researchers have been exploring diet as a potential 
solution to reduce and control blood pressure in patients.

Our daily diet has continuously shown its significance in health 
and wellness. Dietary studies have found that traditional Italian 
pastas rich with tomato sauces are packed with lycopene, a bright 
red carotene linked to cancer resistance in Italian populations [4]. 
Another compound, resveratrol, found in red wines, has been linked 
to reduced incidences of cardiovascular disease [5]; this explains how 
the French tradition of dining with red wine has helped their hearts. 
Hypertensive patients struggle to maintain their health every day and 
with so many conflicting diets claiming to improve wellness, it has 
become difficult for patients to take their health into their own hands. 
The metabolization of Carnitine in red meat to trimethylamine-N-
oxide (TMAO) has recently received publicity for its role in heart 
diseases and its potential role in hypertension. Reduction of red meat 
consumption may be a promising method for hypertensive patients 
to be able to manage their blood pressure and improve their health.

Several dietary studies have shown that increased red meat (beef, 
veal, pork) consumption corresponds to increased blood pressure [6-
8]. This differs from white meat (poultry, rabbit, and fish) which has 
shown no negative effects on blood pressure [6]. Other studies have 
shown that overall meat consumption has no significant effect on 
blood pressure [9]. The aim of this paper is to discuss current clinical 
findings on the relationship between red meat and hypertension. This 
paper also aims to improve upon our mechanistic understanding of 
red meat metabolization and its effects on blood pressure. Advancing 
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studies, this result may be inaccurate. In another DASH diet study 
conducted by the DASH sodium research group, participants were 
placed on a low sodium DASH diet for 4 weeks; this resulted in a 
7.1 mmHg decrease in systolic blood pressure and an 11.5 mmHg 
decrease in participants with high Blood Pressure (BP exceeding 
120 mmHg) [1]. Considering the longer time frame in the Deakin 
University study, it would make sense to see a larger or at least equal 
reduction in blood pressure compared to the DASH sodium research 
group study if red meat did not play a role in blood pressure elevation. 
These results seem to imply that red meat is actually offsetting the 
positive effects of the DASH diet, preventing it from more effectively 
lowering blood pressure. Whereas a low sodium DASH diet without 
red meat dropped blood pressure 11.5 mmHg [1], this DASH diet 
with red meat only dropped blood pressure 5.6 mmHg [12], making 
it not even half as effective.

There are numerous studies that agree with the idea that red meat 
consumption increases blood pressure. In one study [7] examining 
the effects of iron on blood pressure, red meat had significant and 
direct association with increasing blood pressure. In fact, this 
study showed that an increase in red meat intake by 103 g/day was 
associated with an increase of 1.25 mmHg and 0.73 mmHg in systolic 
and diastolic blood pressure, respectively [7]. A Turkish study that 
examined urban and rural cardiovascular risk factors also reported 
that red meat is positively associated with risk of hypertension [13]. 
Another study on middle-aged women found that unprocessed and 
processed red meats are associated with increased risk of hypertension 
whereas poultry is not [6]. Dietary studies like these have made it 
clear that some components in red meat significantly contribute to 
the pathology of hypertension.

Components in red meat contribute to hypertension
Many studies have shown that increased red meat consumption 

increases the risk and incidence of hypertension, but it is still unclear 
how this change occurs. It has been thought that increased protein 
consumption could result in higher blood pressure, but according to 
a scientific statement from the American Heart Association, which 
examined a great deal of studies regarding diet and hypertension, 
protein is actually directly associated with reducing blood pressure 
[14-16]. The INTERMAP Cooperative Research Group further 
supports this finding, concluding that vegetable protein has an inverse 
relationship with blood pressure and meat protein shows no significant 
effect on blood pressure [17]. In the INTERMAP Cooperative 
Research Group study, however, there was no differentiation made 
between protein derived from red meat and white meat, therefore 
there is no reliable way to tell if one played a more significant role 
on blood pressure than the other. If red meat metabolism does play 
an important role in increasing blood pressure, it is possible that it 
is neutralizing the beneficial effects of meat protein. In the DASH 
trial study, there was a significantly larger decrease in systolic blood 
pressure with the combination diet (-11.4 mmHg), which included 
white meat and fish, than in the fruit and vegetable diet (-7.2 mm 
Hg) which excluded all meats [11]. This scenario supports the idea 
that white meat has potentially beneficial effects on blood pressure 
which could be negated by hypertensive mechanisms in red meat 
metabolism.

Until recently, it was thought that saturated fats found in red 

meat caused vascular disease. However, a scientific statement released 
from the American Heart Association (mentioned above) found that 
several studies have shown that saturated fat intake is not associated 
with incidents of hypertension [14,18-20]. Another common claim 
was that the high levels of cholesterol found in red meats caused 
vascular disease; however, the same American Heart Association 
statement found few studies that have assessed the effects of dietary 
cholesterol on hypertension. Of the studies that do exist, there is 
no significant evidence to prove association between the amount of 
dietary cholesterol consumed and blood pressure [14,21]. 

Which components really cause hypertension?  Recently, the 
Hazen’s lab published their breakthrough findings in the New 
England Journal of Medicine [22] and Nature Medicine [23] about 
the metabolism of Carnitine, found in red meat, to Trimethylamine-
N-Oxide (TMAO) by intestinal microbiota. They established a 
connection between TMAO and heart disease, revealing a potentially 
novel mechanism for how red meat affects blood pressure [23].

An interesting seven-year study on Chicago men that measured 
blood pressure and nutrient intake annually warrants the idea that 
Carnitine may be a key to understanding the role of red meat in 
hypertension [24]. Of the study participants, middle-aged men who 
ate between 8-20 servings of beef, veal and lamb per month had an 
average increase of 0.70 mmHg in systolic blood pressure annually, 
while pork increased blood pressure by 0.38 mmHg. Men who ate over 
20 servings of beef, veal, and lamb per month had an annual blood 
pressure increase of 0.78 mmHg (compared to pork at 0.24 mmHg). 
When controlled for age, weight, height, education, cigarettes per 
day, alcohol consumption, total energy consumption, and other 
food intakes such as fish, fruits, vegetables, pork, and poultry, these 
numbers increased, showing consumption between 8-20 servings 
of beef, veal, and lamb is responsible for an increase of 0.77 mmHg 
annually and consumption over 20 servings is responsible for an 0.85 
mmHg increase [24]. Among all the food groups studied, the group 
found to increase blood pressure the most was the beef/veal/lamb 
group; the second highest was pork. These food groups also have the 
first and second highest Carnitine content, respectively. 

According to the NIH report [25], the redder the meat, the more 
Carnitine it generally contains. Beef is actually the highest Carnitine-
containing food, having a range of 56 - 162 mg of Carnitine per 4 
oz serving [25] with an average of 81 mg per 3 oz steak [26]. This 
is followed by pork at 24 mg per 3 oz serving [26]. A 4 oz serving 
of chicken, which is unassociated with blood pressure [14], contains 
about 3-5 mg of Carnitine. Beef, which has the highest Carnitine 
content, increases systolic blood pressure the most, followed by pork. 
Pork, as shown above, has about 30% of the Carnitine that beef has. 
Similarly, pork increases blood pressure at approximately 30% of 
the rate beef does according to the Miura study [24]. This further 
establishes the importance of Carnitine in blood pressure regulation.

As shown in Figure 1, Carnitine is metabolized in humans by 
gut microbiota. Once metabolized by the gut microbiota, Carnitine 
is modified into Trimethylamine (TMA), which is then converted to 
Trimethylamine-N-Oxide (TMAO) via the flavin-containing mono 
oxygenases. TMAO consequently reduces bile acid synthesis (which 
solubilized fats), blocks reverse cholesterol transport, and increases 
forward cholesterol transport, thus increasing cholesterol levels in the 
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arteries. In fact, in mice fed a Carnitine heavy diet, there was a 35% 
decrease in reverse cholesterol transport [23]. This lack of reverse 
cholesterol transport paired with increased forward cholesterol 
transport results in hyperlipidemia, or the excess of lipids such as 
cholesterol in the blood. Hyperlipidemia has been shown [27] to induce 
oxidative stress on vascular endothelium, leading to the production 
of oxygen radical species at the arterial wall. These events contribute 
to monocytes and lymphocyte recruitment [27,28]. Monocytes and 
macrophages upregulate the expression of chemokines and adhesion 
molecules, reduce nitric oxide bioavailability, and stimulate vascular 
smooth muscle cell hypertrophy. This leads to vascular dysfunction 
and remodeling [29-32]. Smooth muscle cell proliferation results 
in a thickened vascular wall and narrowed lumen, which is known 
to trigger hypertension [33-37]. The reduction of nitric oxide keeps 
blood vessels in the contracted state for longer periods of time [38]. It 
suggests that the presence of TMAO can prompt hyperlipidemia and 
increase the likelihood of hypertension. 

In the breakthrough studies [22,23] done by the research team at 
the Cleveland Clinic, atherosclerosis was linked with TMAO from red 
meat metabolism. It is possible that TMAO also induces hypertension 
which can lead to atherosclerosis. One study investigating the 
association between hypertension and atherosclerosis found that 
high blood pressure is not only associated with the presence of 
atherosclerosis but also with its severity [39]. The same study found 
that among study participants with atherosclerosis, the likelihood 
of developing complex atherosclerosis increased 31% for every 10 
mmHg increase in pulse pressure [39]. The downstream effects of 
hypertension may account for the accelerated atherosclerosis seen in 
the mice of the Cleveland Clinic study. According to the American 
Heart Association website, high blood pressure can cause microscopic 
tears in the arteries. These tears are repaired with scar tissue, which 
is prone to lodging fats [3]. Excessive cholesterol in the blood stream 
paired with high blood pressure speeds up plaque accumulation and 
stiffening of the arteries, which could explain the atherosclerosis 
observed in the laboratory mice [23]. 

Gut microbiota are essential for the metabolism of Carnitine and 
production of TMAO from Carnitine. Suppression of the bacteria 
using antibiotics has been attempted as a medicinal approach to 
reducing TMAO levels in the body; however, the results have not 
been promising. Though initially helpful, the gut microbes are quick 
to adapt and eventually return to full numbers in the intestine [22]. 
Another downfall to antibiotic treatment is the fact that these gut 
microbes are important to absorbing nutrients and in the production 
of secondary bile acids; therefore, a reduction in consumption of food 
high in Carnitine may be the best way to reduce the effects of TMAO 
in the body.

Dietary suggestions
Carnitine is an amino acid derivative which the body produces 

enough naturally to meet the needs of healthy people [26]. Because 
of its link with increased blood pressure, reducing Carnitine 
consumption could potentially alleviate high blood pressure by 
lowering the levels of TMAO in hypertensive patients.

Vegans and vegetarians have been shown to have a reduced 
capacity to produce TMAO from dietary carnitine [23]. In one 
study, when omnivores and vegetarians/vegans were both given 
an 8 oz steak to eat, the TMAO levels in the omnivores increased 
dramatically in plasma and urine samples whereas the vegan and 
vegetarian levels increased little to none [23]. Vegans and vegetarians 
also have lower incidences of hypertension [14,40-43]. This implies 
that gut microbiota can adapt to their hosts’ dietary preferences by 
acquiring genes that process micronutrients via horizontal gene 
transfer [23]. With this in mind, a diet that consists primarily of 
plant-based foods and occasionally supplemented with meat could be 
the most beneficial way to decrease TMAO and risk of heart disease 
and hypertension.

The connection between red meat and hypertension is prominent 
across cardiovascular dietary studies. While it is still unsure exactly 
how red meat aggravates or induces hypertension, there is a definite 
possibility that TMAO produced from red meat metabolism by 
intestinal microbiota plays a significant role in the pathogenesis of 
hypertension.  

Blood vessel contraction

Carnitine in red meat

Gut microbiota

TMA

Flavin-monooxygenases

TMAO
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Smooth muscle cell proliferation

Thickened vascular walls

Hypertension

Figure 1: Carnitine from red meat induces hypertension. Hypertension, when 
paired with hyperlipidemia especially, promotes atherosclerosis and maybe 
other cardiovascular diseases.
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