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- Review Article

A Contemporary Review of the Relationship between Red Meat
Consumption and Cardiovascular Risk

Abstract

Cardiovascular diseases burden is increasing due to aging populations and represents one of the major
health issues worldwide. Dietary habits have been extensively studied in the cardiovascular field
despite the difficulty in the quantification of the assumption of each single food and the observation
that several foods affect cardiovascular risk with opposite effects. Moreover, some older findings
have been reverted by more recent studies. Red meat has been widely studied in this context, and it
has been suggested to increase cardiovascular risk primarily by causing dyslipidemia. Our aim is to
review the relationship between red meat assumption and cardiovascular risk and to present novel

findings regarding their link.
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Introduction

Dietary habits vary widely worldwide
according to  geographical, cultural,
religious, and socioeconomic background.
Dietary habits have been shown to influence

significantly several biologic pathways,
including lipoprotein and cholesterol
metabolism, blood pressure, insulin

resistance, energy expenditure and energy
effective utilization, inflammation and, all
together, cardiovascular risk.!"

Despite conflicting opinions regarding its
conduction, the Seven Countries Study
addressed for the first time the correlation
between lifestyle, diet and cardiovascular
diseases (CVDs) in several geographical
areas. It showed that a lifestyle approach
can lower the individual risk of developing
heart disease.”¥ A later study showed a
lower incidence of CVDs in initially healthy
middle-aged adults that adhere to the
Mediterranean diet.” Epidemiologic studies
of the Seventh-Day Adventists confirmed a
lower risk of fatal ischemic heart disease
for Adventists, which represent a cohort of
people with a healthy lifestyle.l! Studies
based on this low-risk cohort showed
that traditional cardiovascular risk factors
operate as usual,l’! but several foods have a
role in the determination of cardiovascular
risk.®! The Adventists studies reported an
effect of meat in increasing the risk of fatal
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heart disease in men (relative risk [RR]
2.31; P =0.025), but not in women.** Since
then, several studies examined the role of
red meat in determining cardiovascular risk.

In this review, we discuss the impact of red
meat in the determination of cardiovascular
risk.

Red Meat and Cardiovascular Risk

Red meat consumption is considered a
dietary risk factor for CVD. Most of the
risk of red meat intake has been related
to saturated fat and cholesterol content.
This led to the large-scale suggestion of
lowering meat consumption and preferring
lean meats.'”7 However, there is increasing
evidence challenging this view. The
daily intake of saturated fat has been
demonstrated to be related to the incidence
of CVD if adjusted for the overall
background diet and for carbohydrate
consumption.'31 Other ingredients used
in the processation and preservation
of red meat, such as sodium or other
preservatives, can account for most of the
risk.l"! Moreover, heme iron may increase
the risk of diabetes!'>'” and L-carnitine
may be metabolized by gut bacteria to
pro-atherosclerotic compounds.!'®

Since dietary habits affect a wide range
of intermediate biologic pathways and
of biomarkers (including low-density
lipoprotein cholesterol [LDL-C]), neither
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one nor even several surrogate outcomes can predict
clinical outcomes."' Many studies have proposed
comprehensive methods for weighting the effects of dietary
habits on chronic disease end-points, mainly based on
evidence derived from the literature.?*?? Similarly, to most
of the other lifestyle risk factors for CVD (e.g., smoking,
physical activity, obesity, consumption of salt, dietary
cholesterol, fruits, vegetables, nuts, and whole grains), the
effects of meat consumption on cardiovascular risk have
not been investigated in ad hoc randomized trial.

The investigation of the role of single foods is difficult in
large studies, both due to the variability in the assumption
and the variability of the food itself. Thus, it is difficult
to have a reliable quantification of each food in large and
long-lasting studies (which are often need when end-points
are cardiovascular outcomes). In fact, large studies usually
choose to use more or less broad categories of food.
The different kind of meats has potentially important
nutritional differences. Recent literature suggests that
red and processed meats have some important nutritional
differences. Among these differences, the most significant
in determining cardiovascular risk are the content of
calories, specific fats, sodium, iron, or additives (such as
nitrites) content, or specific preparation methods (such as
high-temperature commercial cooking).

Charring and blackening of meat may lead to the
production of heterocyclic amines and polycyclic aromatic
hydrocarbons that might increase the risk of cancer.*
However, the effects of cooking methods on cardiovascular
risk have not been studied so far.

Meats are often broadly classified into red (e.g., beef, pork,
lamb) or white (e.g., chicken, turkey, rabbit) meats based on
the contents of fat, cholesterol, and iron. Both red and white
meat can be either preserved, typically by the addition of
high levels of salt and/or chemical preservatives (processed
meat) or eaten without such preservatives (unprocessed
meat). It is evident that even the category of red meat is
made of several different sub-categories.

An effective categorization for the study of the impact on
cardiovascular risk could be the division into two main
groups: “fresh” unprocessed meat and preserved-processed
meat (including sausage, salami, hot dogs, bacon, and
processed deli or luncheon meats).

A 2010 meta-analysis based on three prospective
cohort studies and one case—control study including a
total of 56311 participants and 769 events showed no
significant association between unprocessed red meat and
cardiovascular risk (RR 1.00 per 100 g serving/day, 95%
confidence interval [CI] 0.81-1.23).[14.24-27]

The same meta-analysis included six observational studies
that evaluated processed meat consumption for a total of
614,062 participants and 21308 events.['4242527-2] [t showed
that each additional 50 g serving/day of processed meats

2

was associated with a 42% higher risk (RR 1.42, 95%
CI 1.07-1.89) of cardiovascular events.

These results should also take into account the smaller
serving size for processed (50 g) compared to unprocessed
red meats (100 g). The authors of the meta-analysis
showed that considering a 100 g serving/day of processed
meats, it was associated with a 2-fold increase in the risk
of CVD (RR 2.02, 95% CI 1.14-3.57).

The reported RR refers to a daily dose of either
unprocessed (100 g) or processed (50 or 100 g, as
previously discussed) red meat, thus seven servings in
a week. The RR for only one weekly serving of both
processed and unprocessed red meat is around 1.0.

In the next sections, we will discuss several contributors of
the associations between red meat and CVD.

Red Meat and Lipid Profile

Red meat is historically referred to increase CVD due
to its saturated fatty acids (SFAs) content.”! Since then,
the dietary guidance of developed countries suggested
to limit red meat consumption. Moreover, the 2013
American  College of Cardiology/American  Heart
Association Guidelines on Lifestyle management to reduce
cardiovascular risk supported low-fat meals, including
vegetables, fruits, fish, legumes and nuts and restricted
the consumption of sweetened drinks and red meats."
Nevertheless, the association between meat content of SFA
and cardiovascular risk is still inconsistent.

The first issue is the difficulty in measuring the precise
level of fatty acids derived from meat consumption. One
possibility to assess fats contained in red meat could be
measuring biochemical markers on plasma lipid fraction,
red cell and platelet membranes, or subcutaneous adipose
tissue. This method could be useful also to distinguish the
degree of fat modification due to red meat preparation.
However, in this case, fatty acids levels should be
considered carefully because saturated and monounsaturated
fatty acids (MUFAs) can be produced also endogenously.
Moreover, prospective observational studies on specific
SFA showed that the effect of each single SFA could
be difficult to separate thus suggesting a “class effect.”
However, stearic acid, which is contained in red meat, was
most strongly associated with risk of CHD.B!

Another issue is to assess if red meat is really rich in
SFA. Lean red meat contains less than 1.5 g SFA/100 g of
visible fat [Figure 1]. The main lipid contained in lean meat
tissue is phospholipid, which is the major element of cell
membranes. Membrane structures contain also high levels
of polyunsaturated fatty acids. The second portion of lipids
in lean meat is represented by triacylglycerol (TAG). Red
meat TAG has an increased level of SFA and MUFA. B2

The still-open question is to understand whether SFA
contained in red meat affect serum lipid profile. In fact, each
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Figure 1: Meats rich in visible fat and preservatives (red box on the left)
have been demonstrated to increase cardiovascular risk while lean fresh
red meat (green box on the right) has not

saturated fats showed different effects on serum LDL-C
fractions or lipid fractions.’3] Some studies, for example,
refer that LDL levels increased significantly with butter and
dairy fats (high in 14:0, myristic acid), to a lesser degree
with beef fat (containing palmitic acid, 16:0; stearic acid,
18:00), and only slightly with cocoa butter (containing
largely stearic acid).*¥ However, recent literature reported
limitations in both the observational data and methods used
to evaluate the impact of SFA on cardiovascular risk.B!
Some other studies addressed this issue. For example, the
introduction of lean beef in a study about AHA diet was
useful to diminish total cholesterol (total-C) and LDL-C.B¢
In several studies, low-fat red meat-based regimens reduced
total-C and LDL-C similarly to lean red meat ones.”"!
Compared to lean white meat in various diets, beef, in
particular, has been referred to be equally effective for
reducing total-C, LDL-C, and triglycerides.*! When
compared to diets based on vegetable sources of proteins,
regimens based on the same levels of animal proteins
did not show significant differences in lipids profile and
physical property.“** Moreover, the restriction of red
meat intake from plant protein-based dietary patterns
could lead to reduced intake of high-quality protein and
essential nutrients. Thus, the choice of lean cuts of red
meat should be encouraged.™’ In a 76-week crossover
study of dyslipidemic people consuming lean red meat or
white meat, those who ate red meat demonstrated better
long-term compliance to their dietary pattern.[*”]

The mechanisms of SFA action on lipid profile were
deeply investigated. One postulated mechanism relates to
the formation of oxidated-LDL (ox-LDL). SFA are usually
resistant to oxidation. However, the presence of heme
group in red meat acts as a catalyzer to promote to the
formation of ox-LDL.

However, despite the majority of the studies support the
idea that red meat SFA are not associated with an increase
in cardiovascular risk, there are also some studies that
partially call into question this finding. For example, a
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Figure 2: Heme iron not only increases oxygen delivery but also increases
reactive oxygen species formation. Reactive oxygen species might increase
atherosclerotic plaque formation

i

multiethnic study published in 2012 showed that red meat
SFA was associated with an increased cardiovascular risk.
This study showed that a greater consumption of dairy
SFA was associated with lower cardiovascular risk (hazard
ratio [HR] 0.79, 95% CI 0.68-092 and HR 0.62,
0.47-0.82 for + 5 g/die and + 5% of energy from dairy
SFA, respectively). In contrast, a larger intake of red meat
SFA was associated to a slightly increase with borderline
statistical significance cardiovascular risk (HR 1.26, 95%
CI 1.02-1.54 and HR 1.48, 95% CI 0.98-2.23 for + 5 g/die
and + 5% of energy from meat SFA, respectively).[*

Red Meat and Iron

Iron is a fundamental element for human health, and
its deficiency is one of the main dietary deficiencies
worldwide.*” Red meat is one the most important source
of heme iron, which is the absorbable form of this metal.[*
The iron content of red meat is estimated to vary from
5.8 mg in beef liver, braised (3 0z) to 2.9 mg in lean
sirloin, broiled (3 o0z).[*

Recent dietary guidelines recommend both children
and young adults consuming red meat to prevent iron
deficiency. However, iron intake is also associated with
increasing reactive oxygen species production, which is
thought to be key elements in the pathogenesis of CVD
[Figure 2].5% Nevertheless, the evidence of the association
between heme iron intake and CVD risk is restricted to
a few papers. The first hypothesis about the relationship
between iron and cardiovascular risk was made by
Jerome Sullivan in 1981. In his study, he argued that the
incidence of CVDs was higher in men and postmenopausal
women rather than in premenopausal women because in
premenopausal period menstruation reduces total iron
deposits. Two large studies showed a different association
of dietary iron and CVD in men and in women. In 1994,
4 years prospective study analyzed if iron intake led to the
significant risk of coronary disease in 44,933 US men of
40-75 years old with no previous CVDs. Participants were
asked about their food frequency consumption at baseline,
and 844 incident cases of coronary disecase were reported.
However, this study showed that neither total nor heme iron
intake was associated with coronary heart disease (CHD)
risk. Nevertheless, a higher number of fatal coronary
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disease or nonfatal myocardial infarction (MI) in men in
the first quintile of iron intake than in those in the last
quintile (RR = 1.42; 95% CI: 1.02-1.98). In conclusion,
authors reported an increased risk of MI among men with
a higher intake of heme iron, which mostly derives from
meat intake.? In the same year, another study found an
inverse association between iron serum level and women’s
MI risk. It also reported an inverse association between
serum iron and CHD in both sexes. According to the same
authors, dietary iron could not explain increasing MI and
CHD risk.P!Y These results should be however compared to
most recent studies. In 2012, Zhang et al. showed a positive
association between iron intake from diet and mortality due
to total and ischemic stroke and CVD in men. Dietary iron
showed no association with these end-points.?

Red Meat and L-carnitine Gut Metabolism

The inconsistent connection between red meat SFA,
iron, and CVD suggested investigating the role of other
environmental elements linking meat consumption to
cardiovascular risk. Recent literature provided a key
role of gut microbiota metabolism of red meat on this
risk. Gut microflora is made of different species of
microorganisms, which are influenced by dietary patterns;
for example, a high animal proteins and fats consumption
relate to a predominant level of gut Bacteroides species.
Human microbiome participates in both saccharolytic and
proteolytic food digestion, but it also influences immune
function, metabolism, vitamins activation, and pathologic
conditions such as insulin resistance and metabolic
syndrome. Saccharolytic microflora is thought to be the
main part of a balanced microflora and dietary habits
have a deep impact on its composition. Nevertheless, the
association of the different genera of human bacteria to a
precise dietary pattern is complex and still poorly defined.
Recent literature referred that changes in gut flora are
deeply affected by long-term diet modifications.F

Some studies, in particular, showed that omnivorous
gut  bacteria can  produce  higher level of
trimethylamine-N-oxide (TMAOQO) than vegetarians when
their diet is enriched in L-carnitine.® TMAO is the
oxidized form of an intermediate product which derives
from choline, phosphatidylcholine and L-carnitine hepatic
metabolism.> It has been recently referred to increase
both atherogenesis and CVD risk.*® Carnitine comes
from the Latin carnus as this amino acid mostly derives
from red meat ingestion. Together these, data could give
a new explanation on the possible association between
red meat and cardiovascular risk. However, it is not clear
if meat ingestion is really effective in increasing TMAO
levels. Some authors, in fact referred that only seafood,
which contain TMAO itself, has measurable impact on
trimethylamine and its N-oxide form.*” Moreover, the
pro-atherosclerotic mechanisms of TMAO are still under
debate, and main results come from mice models. TMAO

have been recently referred to promote atherosclerosis
by lowering reverse cholesterol transport (RCT) and
increasing foam cells production.’! RCT is the process of
cholesterol returning to the liver for excretion.®® In their
study, Koeth ef al. showed that dietary carnitine and direct
supplementation with TMAO both reduced RCT (P < 0.05)
in mice only in case of intact gut microbiome.’" The
main issue regards the molecular mechanisms, which link
microflora and TMAO synthesis to RCT reduction. In
the intestines, TMAO is referred to diminish cholesterol
uptake by reducing Niemann-Pick Cl-like 1, which take
cholesterol from the lumen into the enterocytes.*” However,
the intestinal metabolism of the cholesterol cannot justify
the decrease of RCT. Of note, in the liver, TMAO has
been referred to reduce the expression of Cyp7al, a
fundamental bile enzyme in the metabolism, and transport
of cholesterol. The downregulation of this enzyme is
associated with the reduction in bile acid pool size and
the enhancement in atherosclerosis.l®? These results
show that TMAO would be capable to influence various
functional pathways, which together interact in reducing
RCT. Less is known about TMAO direct or indirect effects
on other molecules to explain its action. Foam cells are
generated when macrophages reach and surround fatty
deposits on the blood vessel walls giving them a “foamy”
way of looking.[¥] According to recent literature, TMAO
can upregulate the expression of the scavengers receptors
cluster of differentiation 36 and scavenger receptor A
which promote macrophages deposition of cholesterol.[+¢]

Preservatives

Recent literature suggests a key role for preservatives
in the increased cardiovascular risk associated with red
meat consumption. As previously discussed in the red
meat and cardiovascular risk paragraph, the consumption
of a 100 g serving/day of processed meats doubled the
risk of CVD.

Sodium is one of the most common preservatives in
processed red meat.[® Processed meat has four times the
sodium content of unprocessed red meat and 1.5 times more
nitrates. Dietary sodium has been largely demonstrated to
increases blood pressure, peripheral vascular resistance,
and to lower arterial compliance.’’7 A recent large
prospective study showed an association between processed
red meat and hypertension in women, but no association
for unprocessed red meat consumption. !

Moreover, to its action on blood pressure and thus its
indirect role in the increased cardiovascular events, sodium
intake has been demonstrated to independently increase
the risk of CVD.I*! The sodium contained in a daily 50 g
serving of processed meat would predict most of the
observed 42% higher risk seen in cohort studies.l™”

However, there are other preservatives involved in the
increase of cardiovascular risk with preserved meat. For
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example, nitrates and their byproducts such as peroxynitrite
have been experimentally demonstrated to promote
endothelial dysfunction and atherosclerosis development
and have been also used as biomarkers of endothelial
dysfunction. Nitrates can also induce insulin resistance,
which in turn can lead to CVDs and represent biomarker
of impaired glucose metabolism.”'1 In addition,
streptozotocin, which is a nitrosamine-related compound,
has been associated to the onset of diabetes.[’¥

Conclusions

Red meat has been associated for a long time to an increased
the risk of CVDs. However, recent findings demonstrated
that despite the presence of heme iron and carnitine, red
meat does not significantly increase cardiovascular risk
when it is assumed in recommended doses. Visible fat and
preservatives are the major issues in the link between red
meat and increased cardiovascular risk, thus leading to a
significant causal role for preserved red meats, especially
if they are consumed daily. Despite some other links have
been advocated, there is still debate regarding their role.
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