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VIEWPOINTS

Cardiovascular Harm From Egg Yolk and
Meat: More Than Just Cholesterol and

Saturated Fat

J. David Spence

or harm associated with the consumption of eggs

and meat. In the past, the focus has largely been
on the content of cholesterol and saturated fat. In this
Viewpoint, we refocus the view of this issue through
the lens of the effects of egg and meat consumption
on toxic metabolites produced by the intestinal mi-
crobiome. Additional references are available in the
Supplemental Material.

There has been much controversy about the safety

PROBLEMS WITH STUDIES
REPORTING NO HARM FROM EGGS
AND MEAT

A number of articles report no harm, or even benefit,
of consuming eggs and red meat. In such reports, this
result may be explained wholly or in part by the low
risk and young age of the participants; confounders
such as smoking, socioeconomic status, and reverse
causality; and unmeasured confounders.

Huang et al® reported an analysis of 416 104 men
and women in the US National Institutes of Health—
American Association of Retired Persons Diet and
Health Study. Substituting plant-based protein for
animal-based protein, for only 3% of caloric intake,
resulted in an overall 10% reduction in mortality.
Substituting plant protein for egg protein reduced risk
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by 24% in men and 21% in women?; substituting plant
protein for red meat protein reduced risk by 13% in
men and 15% in women.? Most of the risk reduction
was for cardiovascular disease.

REASONS FOR THE CURRENT
CONTROVERSY

An important source of the controversy is the role of
the food industry in influencing public opinion.

In a commentary about an exposé of the sugar
industry by Kearns et al®, Nestlé extended the issue
to the food industry in general. Barnard et al* recently
reviewed the influence of industry on cholesterol re-
search. Greger has commented on the origins and ap-
proaches of egg industry advertising.®

The assertion that eggs and meat do not raise
fasting serum cholesterol levels by much is mostly
true. However, the conclusion that it is therefore safe
to consume them is misleading. The average in-
crease in fasting cholesterol that results from dietary
cholesterol is about 10%, but with marked individ-
ual differences with important public health impli-
cations. Furthermore, dietary cholesterol markedly
increases the effect of saturated fat on fasting lipids,
so bacon and eggs consumed together (as is often
the case) will raise the fasting low-density lipoprotein
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cholesterol (LDL-C) by much more than eggs or
bacon alone.® When cholesterol is consumed from
meat, it is always accompanied by saturated fat, al-
though less so in “lean” meats.

More important, there is much more to athero-
sclerosis and cardiovascular disease than serum
cholesterol. In a study of >4000 patients with mea-
surements of carotid plaque burden and LDL-C in
successive years, neither the level of LDL-C at base-
line nor the change in LDL-C from baseline predicted
progression, stable plaque, or regression. On the
other hand, age and serum creatinine did predict
progression.” The authors hypothesized that the rela-
tionship of impaired renal function to atherosclerosis
may be largely mediated by toxic metabolites pro-
duced by the intestinal microbiome, which are renally
excreted.”

EFFECT OF DIET ON FASTING LEVELS
OF RISK FACTORS VERSUS ACTUAL
EFFECTS ON CARDIOVASCULAR RISK

Cardiovascular risk factors such as LDL-C are indirect
and imperfect predictors of risk. Most cardiovascular
events occur in people at average risk factor levels
who are misclassified by traditional risk factor scoring
as low or intermediate risk. The effect of diet on the
fasting level of risk factors is probably not what mat-
ters most for actual cardiovascular risk. We suggest
that the consumption of meat and egg yolk increases
cardiovascular risk and that this is probably mainly at-
tributed to their postprandial effects. For ~4 hours after
a high-fat/high-cholesterol meal, there is a marked in-
crease in the oxidation of LDL-C, endothelial dysfunc-
tion, and arterial inflammation. There have been many
studies over the years indicating that dietary choles-
terol causes atherosclerosis in animal models and is
associated with increased human coronary artery
disease.

When the US dietary guideline for 2015 to 2020
appeared, there were jubilant headlines saying es-
sentially that “it’'s OK to eat cholesterol now; the
new guideline says so!” However, that is not what
the guideline said. Previous guidelines said (for good
reason?®) that people at risk of cardiovascular disease
should limit cholesterol intake to <200 mg a day—<1
large (63 g) egg yolk. The press release from that
guideline said in the first paragraph that there were
insufficient data to identify a numeric limit to cho-
lesterol intake such as 200 to 300 mg/day, so this
would no longer be specified. However, the second
paragraph said that cholesterol intake should be as
low as possible within the recommended eating pat-
tern (page 32 of the full guideline). The 2 paragraphs
should have been reversed to avoid the confusion
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that resulted from that press release. Similar to the
recent Canadian guideline, the US guideline recom-
mended a more plant-based diet.

Furthermore, the statement that “eggs can be part
of a healthy diet for healthy people” is a common slo-
gan in egg advertising. That statement was based on 2
US studies that showed harm from egg consumption
only among people who developed diabetes mellitus
during follow-up; among those people, an egg a day
doubled coronary risk. Similarly, a meta-analysis pub-
lished in 2020 reported that among people with type 2
diabetes mellitus, a high versus low egg intake was as-
sociated with increased cardiovascular risk (relative risk,
1.40; 95% Cl, 1.00-1.97).° However, the American Heart
Association statistical report of 2015 stated that only 0.1%
of Americans consume a healthy diet. The EAT-Lancet
Commission recommended in 2019 that in a diet provid-
ing 2500 kcal, red meat consumption should be limited to
7 g/day and eggs to 13 g/day; they reported that North
Americans consume 7 times as much red meat as rec-
ommended and nearly 3 times as much eggs.'°

In that setting it is difficult to demonstrate harm from
any component of the diet. Long ago, Rose commented
on the difficulty of identifying risk factors in sick popu-
lations." In Greece, however, where the Mediterranean
diet is the norm, the harm from eggs has been more
obvious. Egg intake in the Mediterranean diet is low,
ranging from O to 4 eggs per week on average. Among
Greek diabetics, an egg a day was associated with a
5-fold increase in coronary risk, and even 10 g of an
egg per day (a sixth of a large egg) was associated with
a 54% increase in coronary risk.'?

Most important, even in the United States, the
cardiovascular harm from the consumption of eggs
and cholesterol has recently been demonstrated. In
a pooled analysis of data in 29 615 Americans fol-
lowed for a median of 17.5 years, there was a dose-
dependent increase in cardiovascular risk with both
dietary cholesterol and egg consumption.”® In the
same cohorts, there was a slight increase in cardiovas-
cular risk with a higher intake of processed meat, un-
processed red meat, or poultry, but not fish.'* Similar
data have been shown for meat in the UK Biobank
study; each additional serving per week of red and
processed meat was significantly related to increased
all-cause mortality (hazard ratio [HR], 1.037; 95% CI,
1.028-1.047), cardiovascular mortality (HR, 1.03; 95%
Cl, 1.009-1.051), and cancer mortality (HR, 1.029; 95%
Cl, 1.016-1.042)."

WHAT ARE THE HARMFUL
CONSTITUENTS IN EGGS?

The problem is not the egg white, which is largely the
source of the protein that is the reason many people
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consume eggs; it is the yolk. Besides the very high
cholesterol content (237 mg in a 63 g egg; almost as
much as in a 12-ounce beef burger), egg yolk is high
in phosphatidylcholine, which is converted by the
intestinal bacteria to trimethylamine. Absorbed tri-
methylamine is oxidized in the liver to trimethylamine
N-oxide (TMAO), which caused atherosclerosis in
an animal model. Among 4007 patients referred to
the Cleveland Clinic for coronary angiograms, those
with TMAO levels in the top quartile had a 2.5-fold in-
crease in the 3-year risk of stroke, myocardial infarc-
tion, or vascular death.'® The other dietary substance
that is largely responsible for the formation of TMAO
is carnitine, mainly from red meat. Among people
with impaired kidney function, high levels of TMAO
accelerate the decline of renal function and increase
mortality. There is a linear dose response of TMAO
with egg consumption.'”

Eggs also increase the risk of type 2 diabetes melli-
tus. This has been known for some time. Anincrease in
the risk of type 2 diabetes mellitus with egg consump-
tion was confirmed in several recent meta-analyses.
In one study, this effect was limited to studies in the
United States, but a recent meta-analysis reported an
increased risk of type 2 diabetes mellitus with egg con-
sumption in China.'®

Wang et al'® reported that TMAO levels were sub-
stantially reduced within a month by switching to white
meat or nonmeat sources of protein; that may be 1
reason why there is a reduction of cardiovascular risk
with vegetarian diets.

VEGETARIAN DIETS

Recent cohort studies have shown that a healthy plant-
based diet relates to major advantages in health com-
pared with an animal produce—-based diet. Two studies
in Buddhist cohorts in Taiwan reported a significant
reduction in stroke risk with vegetarian diets.”® A re-
cent meta-analysis of 32 prospective cohort studies
in 715 128 participants followed for 3.5 to 32 years re-
ported that the intake of plant protein was significantly
associated with a lower risk of cardiovascular disease
mortality (pooled HR, 0.88; 95% ClI, 0.80-0.96; 12%—
63%; P=0.001).2°

A recent analysis of participants in the
Atherosclerosis Risk in Communities study provided
robust evidence that a plant-based diet was associ-
ated with a substantial reduction in cardiovascular risk.
An example of a measured confounder in that report
was that people with the most plant-based diets were
also less likely to smoke. An important unmeasured
confounder that may actually be on a causal pathway
is the intestinal microbiome.

In a study of patients attending vascular preven-
tion clinics,?' the plasma levels of 4 toxic metabolites
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of the intestinal microbiome (TMAO, p-cresylsulfate,
p-cresylglucuronide, and phenylacetylglutamine) were
significantly higher in people with severe carotid athero-
sclerosis not explained by traditional risk factors (unex-
plained atherosclerosis) than in people who had little or
no carotid plague despite high levels of risk factors (a
protected phenotype). The differences were indepen-
dent of renal function and dietary intake of the nutrient
precursors of the metabolites, suggesting that differ-
ences in the intestinal microbiome accounted for that
finding. In linear regression, levels of both TMAQO and p-
cresylsulfate were significant independent predictors of
carotid plaque burden and were more significant than
sex, diastolic blood pressure, and diabetes mellitus, all
of which were excluded from the model in backward
regression.?’ Poesen et al?®> had previously reported
that intestinally derived phenylacetylglutamine was as-
sociated with atherosclerosis. Hazen'’s group recently
confirmed this, and elegantly demonstrated a mecha-
nism related to adrenergic platelet aggregation.??

MEAT CONSUMPTION AND TOXIC
METABOLITES OF THE INTESTINAL
MICROBIOME

Red meat contains =4 times as much carnitine as
white meat. Furthermore, other toxic metabolites of
the intestinal microbiome, such as p-cresylsulfate,
hippuric acid, indoxyl sulfate, p-cresylglucuronide,
phenylacetylglutamine, and phenylsulfate, are pro-
duced from amino acids ingested as part of pro-
tein, so consumption of any animal flesh raises their
plasma levels, especially when renal function is com-
promised, a situation that is common in the elderly. A
recent report indicated that compared with red meat,
the intake of 1 serving per day of combined plant
protein sources (nuts, legumes, and soy) was associ-
ated with a lower risk of coronary heart disease (HR,
0.86; 95% Cl, 0.80-0.93).%*

Patients on dialysis for severe renal failure have
blood levels of some of these intestinal metabolites
that are 50-fold to 100-fold higher than in people with
good kidney function. These metabolites increase
reactive oxygen species in endothelial cells and in-
crease vascular calcification and mortality in chronic
kidney disease. However, even people with modest
impairment of kidney function, with an estimated glo-
merular filtration rate <66 mL/min per 1.73 m?, have
significantly higher blood levels of all the intestinal
metabolites listed previously?® (Figure [B]). Kidney
function declines with age; by age 80, the average
estimated glomerular filtration rate is <60 mL/min
per 1.73 m? (Figure [A]). Thus, egg yolk and meat are
particularly harmful in people with impaired kidney
function, including the elderly.
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Figure. Decline in renal function with age and the effect of
renal function on plasma levels of toxic metabolites of the
intestinal microbiome.

A, Decline in renal function with age. Among patients referred for
stroke prevention, renal function declines linearly with age. By age
80, the mean eGFR is <60 mL/min per 1.73 m? (n=3967). eGFR
was computed using the Chronic Kidney Disease Epidemiology
Collaboration equations. Reprinted from Spence JD et al with
permission of the publisher. Copyright © 2015 Oxford University
Press.?8 B, Effect of renal function on plasma levels of toxic intestinal
metabolites. Even a modest reduction of renal function to an eGFR
<66 mL/min per 1.73 m? was associated with significantly higher
plasma levels of all the intestinal metabolites (analysis of variance
P<0.0001 for all except 0.01 for p-cresylglucuronide and 0.006
for phenyl sulfate). Levels of P-cresylsulfate were also increased
significantly (P<0.0001), but the levels were much higher (increasing
from 30 pmol/L in the highest quartile of eGFR to 70 pmol/L in the
lowest quartile), so they are omitted from this graph because of
scale. eGFR indicates estimated glomerular function; and TMAO,
trimethylamine n-oxide. Reprinted from Spence et al with permission
of the publisher. Copyright © 2020, Wolters Kluwer Health.?”

INTAKE OF CARBOHYDRATES,
SATURATED FATS, AND RISK

Much of the controversy in this field has been about
relative harm of a low-fat/high-carbohydrate diet, with

J Am Heart Assoc. 2021;10:e017066. DOI: 10.1161/JAHA.120.017066

Cardiovascular Harm From Egg Yolk and Meat

proponents of low-carbohydrate/high-fat diets such as
a “keto diet” emerging. It is not that simple; there are
healthy and unhealthy versions of both types of diets.
Shan et al®® analyzed cardiovascular risk in 37 233 adults
it with 24-hour dietary recall data from the US National
Health and Nutrition Examination Survey from 1999
to 2014. They divided participants into 11 sex-specific
strata each of percentage of energy from fat, protein, and
carbohydrate to compute healthy versus unhealthy diet
scores for low-carbohydrate/high-fat diets and low-fat/
high-carbohydrate diets. They found that healthy diets of
both types were associated with reduced cardiovascular
risk, whereas unhealthy diets of both types were associ-
ated with increased cardiovascular risk.

WHAT DIET SHOULD BE
CONSUMED BY PEOPLE AT RISK OF
CARDIOVASCULAR DISEASE?

With good reason, there has been much made of the
evils of the low-fat diet, which tends to replace fat with
carbohydrates. Although it is true that a high glycemic
index high-carbohydrate diet may be harmful, the ap-
propriate answer to that problem is not the popular low-
carbohydrate high-fat diets that are high in cholesterol
and animal fat, such as the classic Atkins diet. It is not the
amount of fat in the diet that matters, it is the kind of fat.
On Crete, where 40% of calories were from fat (mainly
olive ail), the coronary risk was 1/15th that in Finland at
that time, where 38% of calories were from fat (mainly
animal fat, accompanied by cholesterol). Although it is
possible that a vegetarian diet may be even better (if B12
deficiency were avoided), the best evidence for cardio-
vascular prevention is for the Cretan Mediterranean diet.
Although it is commonly thought that the Mediterranean
diet is high in fish and poultry, it was described by
Ancel Keys, leader of the Seven Countries Study, as a
“mainly vegetarian diet, favoring fruit for dessert instead
of pastries, much lower in meat and dairy.”?® A study
in Israel randomized overweight residents of a nuclear
facility to a low-fat diet, a low-carbohydrate diet similar
to the Atkins diet, and the Mediterranean diet. Weight
loss was identical on the low-carbohydrate diet and the
Mediterranean diet, and significantly better with both
than on the low-fat diet. Importantly, among diabetics,
the Mediterranean diet was clearly the best for lowering
blood sugar and fasting insulin levels and insulin resist-
ance. A recent study provided strong evidence that a
diet high in fruits, vegetables, and whole grains reduced
the risk of diabetes mellitus.®°

CONCLUSIONS

Egg yolk and red meat should be avoided, and meat
intake limited, to prevent cardiovascular disease and
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stroke. Because of the interaction of impaired renal
function with toxic metabolites of the intestinal micro-
biome, that advice is particularly important for peo-
ple with impaired renal function, including the elderly.
Adopting a more plant-based diet would also improve
the sustainability of food sources and reduce harm to
the environment from a meat-based diet.
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