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Abstract

Background: Red meat, processed and unprocessed, has been associated with increased incidence of cardiovascular disease

(CVD), stroke, heart failure (HF), and type 2 diabetes mellitus (T2DM). Despite these adverse effects, it is still, highly consumed

by the people of developed counties and increasingly consumed by the people of developing countries. Aims: The aim of the

paper was to review the current evidence on the effects of processed and unprocessed red meat consumption on the incidence

of CVD, stroke, HF, and T2DM. Materials and Methods: A Medline search of the English language literature was conducted

between 2010 and April 2020 using the terms, red meat, white meat, processed meat, unprocessed meat, cardiovascular disease,

heart failure, diabetes mellitus and 22 pertinent papers were retrieved. Results: The analysis of results from these papers

reveled that high red meat, especially processed meat consumption, is significantly associated with an increased risk of CVD,

stroke, HF, and T2DM regardless of age, sex, or ethnicity. Discussion: The results of the studies retrieved, revealed that

there is a controversy regarding the association of red meat consumption with an increased incidence of CVD. This controversy

is due to the conflicting findings of the studies reviewed, with several studies showing no association, whereas others sowing

an association, especially in subjects at high cardiovascular risk. Conclusion: There is regarding the association of red meat

consumption with the incidence of CVD due to conflicting results of the various studies. Moderate red meat consumption

showed no association with CVD in healthy subjects, but an association in high CVD risk subjects. Therefore, subjects at high

cardiovascular risk should refrain from high red meat consumption and increase the intake healthier foods high in fiber content.

Introduction

Red meat, processed and unprocessed, is a favorable food staple of the people living in the Western countries
including the US, Europe, Australia, and New/Zealand. In the US, it accounts for about 40% of the total
daily red meat production [1]. Although there is a recent trend for decreased red meat consumption in the US,
the trend is rising in the developing countries as their income is improving [2,3]. From a physiological point of
view, red meat consumption has several nutritional benefits due to its content in protein, iron, zinc, folate, and
vitamins A and B, but also has certain drawbacks due its high content in total cholesterol (TC), low density
lipoprotein cholesterol (LDL-C), and saturated fatty acids [4], The latter ones have been responsible for the
increased incidence of atherosclerotic heart disease (ASHD), coronary heart disease (CHD), cardiovascular
disease (CVD), type 2 diabetes mellitus (T2DM), strokes, heart failure (HF), and all-cause mortality [5-10].
In contrast, consumption of white meat, like poultry and fish, and perhaps, pork are negatively associated
with the incidence risk of CVD and all-cause mortality [11,12]. In addition, several studies have confirmed
that lowering the serum LDL-C with treatment will decrease the incidence ASCVD as well as the incidence
of primary and secondary CVD [13-17]. A recent analysis of alternative food preferences by the American
people showed that about 2% of them consumed a vegetarian type diet for health reasons and these people
were mostly educated with greater than high school education, and were mostly female, non smokers, and
physically active [18]. In addition, there has been recently, an increased trend for a shift for plant-based
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meat and for vegetarian and vegan diets, even among athletes [19,20]. In order to get a better perspective
on the current consumption of unprocessed and processed red meat and its association with CVD, CHD,
stroke, HF, and all-cause mortality, a focused Medline search of the English language literature was conducted
between 2010 and April 2020, using the terms, processed, red meat, unprocessed meat, cardiovascular disease,
coronary heart disease, stroke, heart failure, all-cause mortality and 22 pertinent papers were retrieved. These
papers together with collateral literature will be discussed in this review.

Studies showing a positive association of high consumption of processed and unprocessed red
meat with the incidence of cardiovascular disease

Several studies have demonstrated a positive association with high consumption of unprocessed and processed
red meat and the incidence of CVD and cardiovascular (CV) mortality. These studies are listed in table 1
and they will be, briefly, discussed here. The study by Zheng et al [6], is a prospective cohort study of 81,469
US men and women ages 59-61 years on the effects of high consumption of unprocessed and processed red
meat and incidence of CV mortality. After a mean follow-up of 14.7 years, the highest consumption (> 05
servings/day) of unprocessed red meat was associated with a 10% higher incidence of CV mortality, HR 1.10
(95% CI 1.04- 1.17, p < 0.001)), whereas the highest consumption of processed meat was associated with a
13% higher incidence of CV mortality, HR 1.13 (95% CI 1.04-1.23, p < 0.001) compared to those with the
lowest meat consumption. In another prospective cohort study, Pan et al [21], analyzed the effects of red
meat consumption on all-cause mortality in 121,342 men and women ages 52-54 free of CVD at baseline.
After 22 years of follow-up and multivariate adjustments, one serving of unprocessed or processed red meat
was associated with 13% and 20% increase in all-cause mortality, HR 1.13 (95% CI 1.07-1.20), and 1.20 (95%
CI 1.15-1.24), respectively. The corresponding percentages for CV mortality were 18% and 21%, HR 1.18
(95% CI 1.13-1.23) and 1.21 (95% CI 1.13-1.31) for unprocessed and processed red meat, respectively. Also,
in a case-controlled study, Wang et al [22], examined the relationship between unprocessed, processed, and
total red meat consumption with the incidence of CAD and fatal and nonfatal myocardial infarction (MI)
in 2,131 Costa Rican patients mean age 58.1 years. After 10 years of follow-up, the odds ratio (OR) for
the onset of acute MI were higher in the 5th quintile (11o.8 g/day) than the 1st quintile, OR 1,29 (95% CI
1.01-1.65) for processed meat and OR 1.31 (95% CI 1.04-1.65) for total red meat consumption, respectively.
Regarding the influence of sex on the incidence of MI, women had higher incidence than men, OR 1.47
(95% CI 0.80-2.69). In another prospective cohort study, Key et al [23], examined the effects of meat on the
incidence of ischemic heart disease (IHD) in 409,885 subjects ages 51-61 years, from the Pan-European Epic
Cohort study. After 12.6 years of follow-up, the incidence of IHD between the top 5th and bottom 5thof
unprocessed or processed red meat consumption was increased by 10% and 13 %, HR 1.10 (95% CI 0.99-
1.21) and HR 1.13 (95% CI 1.02-1.26) for unprocessed and processed red meat, respectively. In contrast, the
consumption of fish, poultry, milk, or eggs were not associated with an increased incidence of IHD. Similarly,
a prospective cohort study by Alshahrami et al [24], examined the effects of unprocessed or processed red
meat on the incidence of CV mortality and all-cause mortality in 96,000 subjects from the Seventh –day
Adventist faith 53-57 years. After a mean follow-up of 11.8 years, unprocessed red meat was associated with
increased incidence of CV mortality and all-cause mortality, HR 1.26 (95% CI 1.05-1.50) and HR 1.18 (95%
CI 1.07-1.31), respectively. Processed red meat alone was not associated with an increased incidence of CV
mortality, but the combination of unprocessed and processed red meat was, HR 1.23 (95% CI 1.11-1.36).
Also, a recent study by Zhong et al [25], analyzed the of data from 6 US prospective cohort studies of 29,682
subjects mean age 53.7 years, the effects of red meat, poultry, or fish consumption on the incidence of the
composite endpoint of (CHD, stroke, HF, CVD, all-cause death). After 19 years of follow-up, there was a
positive association of red meat (processed and unprocessed), and poultry, but not fish on the incidence of
CVD and all-cause mortality. The adjusted HR (aHR) for CVD was 1.07 (95% CI1.04-1.11) for processed
red meat, aHR 1.03 (95% CI 1.01-1.06) for unprocessed red meat, and aHR 1.04 (95% CI 1.01-1.06) for
poultry. Also processed and unprocessed red meat had a positive association with all-cause mortality, aHR
1.03 (95% CI 1.02-1.05), aHR 1.03 (95% CI 1.01-1.05), respectively. In contrast, poultry or fish consumption
were not associated with an increase in all-cause mortality.

Similar effects were demonstrated by several reviews and meta-analyses. The review and meta-analysis by
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Micha et al [26], consists of 20 studies (17 prospective and 3 case control), involving 1,218,380 subjects on
the effects of high meat consumption ( [?] 100 g/day) on the incidence of CHD. In this review, unprocessed
red meat consumption was not associated with an increased incidence of CHD, HR 1.00 (95% CI 0.81-1.23,
p = 0.36) whereas, processed meat consumption was associated with a 42% higher risk of CHD, HR 1.42
(95% CI 1.07-1.89, p = 0.04). Associations were intermediate for total meat intake. In a review and meta-
analysis of prospective studies involving 1,330,352 subjects ages 20-86 years, Larsson et al [27], analyzed
the effects of unprocessed and processed red meat consumption on all-cause mortality. After a follow-up of
9-28 years and multivariate adjustment analyses, the highest vs the lowest consumption of unprocessed or
processed red was associated with 10%, HR 1.10 (95% CI 0.98-1.22) and 29%, HR 1.29 (95% CI 1.24-1.35)
higher incidence of ACM, respectively. The study by Bellavia et al [28], is a prospective study of 109,201
Swedish men and women ages 45-79 years. After a mean follow-up of 15 years, those subjects consuming >
100 g of unprocessed meat/day had a shorter survival than those never consuming red meat. The HRs for
total red meat consumption were HR 1.16 (95% CI 1.06-1.127) for 150 g/day, HR 1.26 (95% CI 1.14-1.40)
for 200 g/day, HR 1.37 (95% CI 1.21-1.36) for 250 g/day, and HR 1.49 (95% CI 1.27- 1.75) for 300 g/day,
respectively. This study demonstrated a dose-response association of total red meat consumption with short
term survival. The review and meta-analysis of 13 prospective cohort studies involving 1,674,272 subjects
ages 18-92 years, by Abete et al [29], concerns the association of consumption of unprocessed and processed
red, white and total meat with mortality from CVD, IHD, and all-cause mortality. The analysis of results
from these studies, showed that high consumption of unprocessed or processed red meat was associated
with an increased incidence of CVD mortality, 16% relative risk (RR), 1.16 (95% CI 1.03-1.32, p < 001) for
unprocessed red meat, and 18%, RR 1.18 (95% CI 1.05-1.32, p < 0.002) for processed meat, respectively.
Regarding the IHD mortality, processed but not unprocessed red meat consumption, was associated with a
statistically increased IHD mortality, RR 1.52 (95% CI 0.50-4,66, p = 0.004) for processed and RR 1.02 (95%
CI 0.72-1.46) for unprocessed red meat, respectively. Also, total red meat, but not white meat consumption
was associated with increased IHD mortality, RR 1.52 (95% CI 0.68-3.40) for total and RR 1.00 (95% CI
0.82-1.21) for white meat, respectively. Regarding the consumption of processed meat, this was associated
with increased all-cause mortality, RR 1.22 (95% CI 1.16-1.29), but not the total red and white meat
consumption. Also, processed red meat was positively associated with increased all-cause mortality in both
men and women.

Studies Showing a Positive Association of Red Meat Consumption with the Incidence of Stroke

Red meat consumption, besides increasing the incidence of CVD, is also associated with an increased inci-
dence of stroke. Several reviews demonstrating this association are listed in table 2 and they will be briefly,
discussed here. In a review of 5 cohort studies involving 239,251 subjects, Chen et al [30] analyzed the asso-
ciation of red meat consumption with the incidence of stroke. After a mean follow-up of 10 to 26 years, the
pooled analysis of results showed an increased risk for total stroke in the subjects with a higher consumption
of total red meat vs with a lower consumption of total red meat (unprocessed + processed), summary RR
(sRR) 1.15 (95% CI 1.05-1.25). In a dose-response analysis, the incidence of ischemic stroke increased by
10% for each 100 g/day increase in the consumption of total red meat and by 13% increase in consumption
of unprocessed red meat. In addition, for each 50 g increase in the consumption of processed meat the
incidence of stroke increased by 11%. In another review and meta-analysis of 7 prospective studies involving
2,o79,236 subjects ages 30-33 years, Yang et al [31], analyzed the effects of unprocessed red on the incidence
of stroke. After a mean follow-up of 10 to 26 years (by different studies), the risk of ischemic stroke between
the highest and lowest consumption of unprocessed red meat was 15%, RR 1.15 *95% CI 1.03-1.29) and with
consumption of total red meat, RR 1.22 (95% CI 1.01-1.28). In addition, the consumption of unprocessed
red meat was associated with a 13% higher incidence of cerebral infarction, RR 1.13(95% CI 1.01-1.28). In
contrast, the consumption of total meat was associated with22% higher incidence of ischemic stroke, RR 1.22
(95% CI 1.01-1.46). In a dose-response analysis of results, there was not a risk of stroke if the consumption of
total red meat was lower than 50 g/day, but higher if the consumption was greater than 50 g/day. The review
and meta-analysis by Kim et al [32], included 15 studies involving 254,742 subjects ages 30-83 on the effects
of red meat on the incidence of stroke. After a mean follow-up of 5.5 to 26 years by the different studies,
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the pooled RR (pRR) for the incidence of total stroke with consumption of unprocessed, processed, an total
red meat was, 1.11 (95% CI 1.03- 1.20), 1.17 (95% CI 1.08-1.25), and 1.18 (95% CI 1.09-1.28), respectively.
In contrast, the pRR for white meat consumption was 0.87 (95% CI 0.78- 0.97). This study demonstrated
that white meat consumption was not associated with an increased incidence of stroke compared to red meat
consumption.

Studies Showing a Positive Association of Red Meat Consumption with the Incidence of Heart
Failure

Red meat consumption besides its association with CVD and stroke, has also been associated with an
increased incidence of HF. The studies demonstrating this association are listed in table 3 and they will be,
briefly, discussed here. The study by Ashaye et al [33], is a prospective cohort study of 21,120 healthy men
from the Physician’s Health Study, mean age 54.6 years. Red meat consumption was assessed by abbreviated
questionnaires, and the onset of HF was assessed through follow-up questionnaires. After a mean follow-up
of 19.9 years, meat consumption (beef, pork, or lamb), the HRs for new incidence of HF between the lowest
consumption (quintile 1 as standard) and quintiles 2,3,4 and 5 (highest consumption), were 1.01 (95% CI
0.85-1.22), 1.12 (95% CI 0.93-1.34), 1.22 (95% CI 1.01-1.47), and 1.37 (95% CI 1.14- 1.64), respectively ( p<
0.0001). However, after adjustment for other risk factors, the incidence of HF showed a decreasing trend,
HR 1.22 (95% CI 1.03-1.48) for quintile 5 compared to quintiles 2-4 (p < 007). In this study, the association
of HF was assessed with and without the incidence of MI. The study by Kaluza et al [34], is a prospective
cohort study on the association of unprocessed or processed red meat consumption on the incidence of HF in
37,035 Swedish men mean age 45-79 years, free of HF, or ischemic stroke at baseline. After a mean follow-up
of 11.8 years, processed meat was significantly associated with the risk of HF. Men who consumed [?] 75
g/day of processed meat had a significantly higher risk of HF compared to those consuming < 25 g/day, HR
1.28 (95% CI 1.10-1.48, p < 0.01 for trend) and also, a higher risk of mortality from HF, HR 2.43 (95% CI
1.52-3.88, p < 0.001 for trend). In contrast, the consumption of unprocessed red meat was not significantly
associated with an increased risk of HF or death. In a similar prospective cohort study, Kaluza et al [35]
investigated the effects of red consumption on the incidence of HF in 34,057 Swedish women aged 48-83 years.
After a mean follow-up of 13.2 years, the consumption of processed red meat [?] 50 g/day compared to < 25
g/day, was associated with a greater risk of HF, short and log-term, HR 1.23 (95% CI 1.09-1.39, P < 0.003
for trend) and HR 1.78 (95% CI 1.00-3.16), respectively. In contrast, consumption of unprocessed red meat
was not associated with an increased risk of HF. The study by Cui et al [36], is a review and meta-analysis
of 6 studies involving 134,863 subjects ages 35-83 years, on the effects of red meat consumption on the
incidence of HF. After a mean follow-up of 8.2-21.5 years, a significant association with the incidence of HF
was found between the highest vs the lowest consumption of processed meat, RR 1.33 (95% CI 1.15-1.54) for
the European subjects, but not for the American subjects. In contrast, unprocessed red meat consumption
was not significantly associated with an increased risk of HF, RR 1.04 (95% CI 0.96-1.12).

Studies Showing an Association of Red Meat Consumption and T2DM

Several studies have also, shown an association between unprocessed or processed red meat consumption
and incidence of T2DM. These studies are summarized in table 4 and they will be briefly, discussed here.
The study by Liu et al [37], is prospective cohort study of 59,033 women ages 30-55 years, free of CVD
and T2DM at baseline. After a mean follow-up of 17.3 years, and multivariate adjustments for red meat
cooking methods, total red meat intake, processed or unprocessed [?] 2 times/week vs < 1 time/month, were
associated with an increased risk of T2DM ( p< 0.05) for all. However, the higher frequency of broiling it or
barbequing it had a greater impact on the risk of T2DM ( p < 0.001) compared to stewing or boiling it. This
study demonstrated that high temperature or open-flame cooking of red meat, may further increase the risk
for T2DM. The study by Du et al [38], is a prospective Chinese study from the China Kadoorie Biobank of
512,000 subjects mean age 51 years. At baseline a computer-based method was used to collect information
about frequency of consumption of red meat, poultry, fish, fresh fruit and other items. Also, at baseline,
the participants reported regular consumption ([?] 4 days/week) of red meat by 47.0%, poultry by 1.3%, or
fish by 9.9%. After a mean follow-up of 9.0 years, and adjusting for adiposity and other confounders, each
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50 g/day increase in consumption of red meat or fish was associated with 11% and 6% increase in risk for
T2DM, HR 1.11 (95% CI 1.04-1.20) and HR 1.06 (95% CI 1.00-1.13) for red meat and fish, respectively. In
addition, the association was higher in men and women from urban areas, HR 1.42 (95% CI 1.15-1.74) for red
meat and HR 1.18 (95% CI 1.03-1.36) for fish, respectively compared to those living in non-urban areas. No
association was noted between poultry consumption and risk for T2DM, HR 0.96 (95% CI 0.83-1.12). The
study by Pan et al [39] is also, a prospective cohort study involving 26,357 men from the Health Professionals
Follow-up Study (HPFS, 196-2006)), 48,709 women from the Nurses Health Study (NHS, 1986-2006), and
74,077 women from the (NHS II, 191-2007) study, which evaluated the effects of red meat consumption
with the incidence of T2DM. After a mean follow-up of 17.1 years, the increase in red meat intake by 0.5
servings/day from baseline, was associated with a 48% increase in the incidence of T2DM, pHR 1.48 (95%
CI 1.37-1.59) after multiple adjustments, compared to a control group, who did not change the red meat
consumption. In contrast, reduction of red meat consumption by 0.5 servings/day from baseline, decreased
the incidence of T2DM by 14% in the next 4 years, HR 1.14% (95% CI 7%-20%). Also, the study by
Bondinelli et al [40], is a prospective case-control study of 340,234 adult subjects on the association of meat
consumption and incidence of T2DM in the EPIC-InterAct Study. After 11.7 years of follow-up, 12,403
cases of incident T2DM were identified. In this large study, a dose-response association between red meat
consumption and incidence of T2DM was found. In quintiles 1-5, the unprocessed red meat consumption
was 18.6 g/day, 32,8 g/day, 45.6 g/day, 58.7 g/day and 81.5 g/day. For Q1 the HR for new onset T2DM
was 1.00, and for quintiles 2-5 the HRs for new onset T2DM was 1.16 (95% CI 1.07-1.27), 1.26 (95% CI
1.36-1.38), 1.40 (95% CI 1.27-1.53), and 1.57 (95% CI 1.42-1.73), p < 0.0001) for each 50 g/day increments
of unprocessed red meat. The processed meat consumption for quintiles 1-5, was 19.4 g/day, 28.4 g/day, 32.7
g/day, 39.0 g/day, and 56.2 g/day, and the HRs for new onset T2DM, were 1.00, 1.13 (95% CI 1.04-1.22),
1.20 (95% CI 1.10-1.30), 1.36 (95% CI 1.25-1.48), and 1.61 (95% CI 1.47-1.76), p < 0.0001 for linear trend.
This study confirms a positive association between high consumption of unprocessed and processed red meat
and incidence of T2DM. In a review and meta-analysis, Tian et al [41] analyzed the effects of consumption of
red meat as well as other foods on the incidence of T2DM. This review included 483,174 subjects of whom,
52,637 developed T2DM. In these subjects, the pRR for new onset T2DM was 1.22 (95% CI 1.09-1.36)
for unprocessed red meat consumption, and 1.39 (95% CI 1.29-1.49) for processed meat consumption. In
contrast, th pRR for new onset T2DM with consumption of other foods was, 0.96 (95% CI 0.88-1.06) for
plant protein, 1.03 (95% CI 0.89-1.17) for fish, 1.03 (95% CI 0,64-1.67) for eggs, and 0.89 (95% CI for total
dairy foods. This review clearly demonstrates the benefits of healthy food consumption on the incidence of
new onset T2DM.

The Pathophysiology of Atherosclerotic Heart Disease.

The association of increased intake of saturated fats with atherosclerosis has been long established from
animal studies originally, by the work of Ignatowski [42] in 1908 and subsequently by the work of other
investigators [43-45]. Atherosclerosis is the most frequent underlying cause of CAD, and CVD and is the
major cause of CV mortality worldwide accounting for 17.3 million deaths/year, or 31.5% of the total
death rate globally in 203 [46]. Saturated fat is rich in LDL-C, which has been considered the culprit for
the pathogenesis of atherosclerosis [47], confirmed by genetic [48], epidemiologic [49], and clinical studies
[50]. Therefore, the rationale for decreasing the intake of saturated fats is solid on scientific grounds.
Several studies have demonstrated that reducing the saturated fat content of the diet and replacing it with
polyunsaturated fats has resulted in a decreased incidence of CVD [51,52]. Also, populations with low intake
of saturated fats, like those in the East Asian and Mediterranean countries, as well as the consumption of
other diets low in saturated fats has been associated with a low incidence of ASCVD [53-55]. Since the
effect of LDL-C on the risk of future ASCVD appears to be causal as well as cumulative over time, the
earlier lowering of LDL-C may result, proportionally, in greater long-term reduction of ASCVD. It has been
demonstrated that reduction of LDL-C by 1 mmol/L (38.7 mg/dl) will reduce the relative risk of future
ASCVD by about 10% the 1st year, 16% the 2nd year and 20% the 3rd year [49]. Another factor regarding
the atherogenic effects of LDL, is its consistency and particle size. LDL is a spherical particle 22-29 nm in
diameter, with a core of esterified cholesterol and triglyceride, a lipid coat of non-esterified cholesterol and
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phospholipid, and a structural apoB protein, which is recognized by the LDL receptors that remove LDL
from the plasma [56]. This structure of LDL consists of small dense sizes and of larger less dense sizes, and
several studies have suggested that the small dens size of LDL is more atherogenic [57,58], because it is more
prone to oxidation and has greater affinity for the proteoglycans of the arterial wall facilitating its entrance
into the arterial wall [59]. Also, small size LDL is present in high risk patients with increased triglyceride and
low HDL levels, diabetes, insulin resistance, obesity, and the metabolic syndrome [60-62]. However, other
observational studies have shown that large size LDL is also, atherogenic and predicts a higher incidence
of CVD [63,64], although the preponderance of evidence supports the atherogenic properties of small dense
LDL. Perhaps this controversy may not be important clinically, since both low size and large size LDLs
respond equally well to treatment with statins [64].

Discussion

The studies presented, have shown a positive and linear relationship of unprocessed and especially, processed
red meat consumption with the incidence of CVD, CHD, stroke, HF, T2DM, and all-cause mortality.

Cardiovascular disease: Several studies have demonstrated a positive association of increased consumption
of unprocessed red meat and in particular processed meat with an increased incidence of CVD, CHD, and
death [6,20-29], which in some studies were dose-dependent [6,22,23,24]. The association of high red meat
consumption with CV complications has been attributed to its high content of cholesterol and saturated
fats. Saturated fats are high in LDL-C, which has been considered the culprit for the development of
ASCVD, CAD and CVD by genetic, epidemiologic, and clinical observational studies [2-12]. The association
with consumption of foods high in saturated fat with the incidence of ASCVD has been demonstrated
experimentally, first by the studies of Ignatowski [42] in 1908 and subsequently, by other studies [43-45].
In addition, the coexistence of type 2 diabetes mellitus (T2DM) and increased BP caused by the high salt
content of processed meat contribute to the increased incidence of CVD and CHD [65]. Processed meat
contains also nitrites, which are converted in the bowel into nitrosamines, which have a toxic effect on the
pancreatic β-cells, and in addition, it contains advanced glycation and lipooxydation end products, that have
diabetogenic effects. It also, contains high amounts of salt, which could increase the BP [66-68]. Therefore,
people should decrease as much as possible the consumption of unprocessed red meat and particularly the
consumption of processed red meat, since several studies have shown a dose-response relationship between
red meat consumption and the incidence of CVD.

Stroke: Besides its association with ASCVD, red meat consumption and especially processed meat has also,
been associated with an increased risk of ischemic stroke [20,30-32]. The increased incidence of stroke with
the consumption of processed red meat is a direct consequence of ASCVD, hypertension, and T2D, which
have been shown to be increased with the high consumption of processed red meat which is high in saturated
fats and salt [61-67].

Heart Failure: Red meat consumption, especially processed red meat, is also, associated with an increased
risk of HF [32- 35]. The increased risk of HF could be due to a combination of ASCVD, CVD, CHD, T2DM,
and hypertension. Other studies have also shown that the increased consumption of processed meat with its
high content of salt, could add to the increased incidence of HF [34]. However, the exact association of red
meat consumption with the incidence of HF is not clear at present and more studies are needed to clarify
this association.

Type 2 Diabetes Mellitus: Several studies have reported an association between unprocessed and pro-
cessed red meat and increased incidence of T2DM [36-40], with some reviews and meta-analyses reporting a
high quality of evidence [74-76], with the exception of a major review and meta-analysis of cohort studies,
which found a poor association between red meat consumption and the incidence of T2DM, probably due
to the poor quality of included studies [77]. The new onset of T2DM appears to be multifactorial and
among the various factors are, the saturated fatty acids, sodium, advanced glycation end products (AGEs),
nitrates/nitrites, heme iron, branched chain aminoacids, (BCAAs), endocrine disruptor chemicals (EDCs),
and the trimethylamine N-oxide (TMAO) derived from the conversion of choline in the gut [78-80].
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Recent Trends in Food Selection: Red meat consumption is high the developed countries and is increas-
ing in the developing countries. Of the 190 metric tons of meat produced globally each year, ½ of it will be
consumed by less than 25% of the people living in developed countries [75]. People living in Australia, UK and
the US are among those consuming the highest quantities of red meat [1,81]. However, recent studies show
that there is a healthy trend in decreasing red meat consumption by the developed countries, but a worrisome
trend in increasing red meat consumption by the developing economies [82,83]. Indeed, in the US there is a
recent tendency for plant-based meat consumption due to increased awareness of the adverse CV effects of
animal meat [84]. An analysis of results of a prospective cohort study of 131,342 subjects of 46,329 were men
from the US Health Care Professionals Study and 85,013 were women from the Nurses’ Health Study, showed
that plant-based meat consumption was associated with lower incidence of CV mortality than animal-based
meat [85]. The public interest in plant-based protein has increased lately, and there is a resurgence in vege-
tarian and vegan diets [19] mostly by young people (38-65 years of age), usually female, educated ([?] high
school education), physically active, and from the Western US regions [86]. Vegetarians usually follow a
diet that does not include animal meat, fowl, seafood, or products containing these type of foods. Some
vegetarians eat foods that contain dairy products (lacto-vegetarianism) or eggs (ovo-vetarianism), whereas
the vegans eat foods that do not contain any type of animal meat, fish, dairy products, eggs, and sometimes
even honey [86]. However, the percentage of vegetarians and vegans in the US was only 1.9% in 2012 and the
great majority of people switching from red meat to white meat and plant-based meat were the previously
red meat eaters. Based on this new trend, several companies have produced plant-based meat patties, which
are sold by many fast food restaurants and supermarkets. Also, there are some studies demonstrating that
animal meat from grassfed animals is leaner and healthier than meat from animals fed highly processed foods
and it should be preferred for consumption [87]. The authors contend that this type of lean meat lowers the
amount of saturated fats and is less prone to oxidation and peroxydation, which are implicated in the cause
of CVDs and cancer [87]. Other studies contend that switching to consumption of plant-based meat and
fiber-based products, although healthier, it could have significant economical consequences for the US, since
the livestock industry employs 1.6x106 people and accounts for $31.8 billion kg in meat exports, and that
the livestock recycle more than 43.2x103 kg of human inedible food converting it into human edible food, pet
food, industrial products, and 4x109 kg of nitrogen fertilizer [88]. Another contention of this study is that
plant-based foods do not provide the necessary nutrients and energy required for the normal functions of the
body. However, this contention has been challenged by studies showing that the quality of life of female and
male vegetarian and vegan endurance runners is not different compared to omnivore runners [20]. We believe
that the adaption of the recommendations by American College of Cardiology/American Heart Association
(ACC/AHA) [89], to eat plant-based diets high in fiber, eggs, dairy products and unsaturated fatty acids,
will far exceed the income reduction from the decreased consumption of animal-based meat. The conviction
that high consumption of red meat is unhealthy is so strong, that a recent article by the Annals of Internal
Medicine [90], suggesting that red meat consumption is not associated with adverse CV effects, was severely
challenged by several investigators for reporting unsubstantiated and misleading information to the point of
exerting legal action against the journal [91]. Of interest, are two recent studies [92,93] suggesting that the
food industry by the year 2050 will have to feed 10 billion subjects and this will necessitate certain dietary
changes in order to be sustainable. To accomplish this, a drastic change in the population diet will have to
be made that will include the use of much more plant-based diet, and little red meat. Alternatively, they
propose the adoption of a holistic flexitarian diet, which is a mixture of plant-based and animal-based foods
and has been shown to have significant health benefits [94]..

Conclusion: The analysis of results from the selected papers presented, demonstrates that the consumption
of red meat, processed and unprocessed, but not the white meat are associated with increased incidence of
ASCVD, CVD, CHD, Stroke, HF and T2DM. Red meat consumption Is still high in the developed countries,
although there is a tendency towards a decreased consumption lately. In contrast there is a progressive
increase in its consumption by the developing countries, and this is a worrisome sign. On the other hand,
the consumption .of healthier foods, like fiber-based products, dairy products, eggs, and unsaturated fats, is
still limited. However, there is a recent tendency for an increased consumption of these products including
the consumption of plant-based protein. The ACC/AHA guidelines, hopefully, will enforce this tendency
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and result in the decreased incidence of CVD, HF, stroke, and T2DM.
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