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We are not saying that egg yolks should be banished entirely –

egg yolks are an essential ingredient in such culinary delicacies as
Hollandaise and Bérnaise sauce, and whole eggs may be important
nutritionally for starving children in third world countries.
However, most vascular prevention patients in the Western world
are over-nourished, not undernourished. Our recommendation
that people at risk of vascular disease should limit their intake of
egg yolks was based not only on the findings in our recent paper
[1], but also on the totality of the evidence [2].

The point of view to which Dr. Lucan apparently subscribes is
that dietary cholesterol is about fasting levels of LDL cholesterol.
Certainly fasting LDL-C has been the gold standard for statin-like
effects. However, fasting LDL cholesterol levels are determined
mainly by cholesterol production in the liver overnight, and have
little to do with what the patient consumed the previous day:
they are like a baseline, on top of which the effects of diet can be
assessed. Diet is mostly about the postprandial state [3]. Olver
and colleagues assert that our study contained no data to support
that statement, and it is obvious that it did not. They ask for exper-
imental evidence of harm from dietary cholesterol; that evidence
was reviewed by us in 2010, and as we reported [2], dietary choles-
terol increases cardiovascular risk, probably mainly because of
postprandial effects: for several hours after a high-cholesterol
meal there is an increase in oxidative stress, vascular inflammation
and adverse effects on endothelial function, and oxidation of
LDL cholesterol is increased by nearly 40%. Dietary cholesterol is
permissive of the harmful effect of saturated fats [4].

We believe a half-truth is promoted by the advertising slogan
“eggs can be part of a healthy diet for healthy people”. Cohort studies
are often cited to indicate that those who consume eggs may not be
any more unhealthy than those who do not. This view should be
tempered with Rose’s concept of a “sick population” [5] where ill
health is ubiquitous and the range of “health”may not be sufficiently
broad to establish a significant association. Furthermore, egg
consumption “in a healthy diet” will displace “unhealthy” protein
foods including saturated fat and cholesterol-laden meat dishes.
Consequently, it has been recognized formany years that vegetarians
maybe at reduced CHD risk compared to non-vegetarians [6,7].Many
vegetarians are lacto-ovo-vegetarians [6,7].Wemaintain that it is not
the eating of eggs that makes them healthy, but their avoidance of
nd Ltd. All rights reserved.
animal products in favour of plant foods. Furthermore, the two
US-based studies that are often referred to as demonstrating no ill
effects of eggs [8,9] alsodemonstrated that aneggadaydoubled coro-
nary riskamongparticipantswhobecamediabetic during followup.A
Greek study in diabetics showed that an egg a day increased coronary
risk 5-fold. Egg consumption also increases the risk of diabetes [10].

Our concern over dietary cholesterol is not new. Both Ancel Keys
and Mark Hegsted included dietary cholesterol in equations
designed to predict changes in serum cholesterol [11,12], and die-
tary cholesterol increases cardiovascular risk [2].

Egg yolks do contain a lot of cholesterol–more than 200 mg in
the yolk of a large egg, i.e. more than the daily recommended intake
of cholesterol for people at risk of vascular disease [13]. Egg whites
are a good source of dietary protein, and are recommended in pref-
erence to whole eggs in the European guidelines for the manage-
ment of dyslipidemia [14]. Njike et al. showed [15] that compared
towhole eggs, egg-white-based egg substitutes improved endothe-
lial function. As a substitute for meat-based meals, vascular
patients should learn to make a tasty omelet or frittata, using egg
whites or egg-white-based substitutes such as Egg Beaters� or
Better ’n Eggs�, or better still, a Tofu Scrambler (Amy’s Kitchen, Pet-
aluma, CA), since soy proteins actually lower LDL-C [16–18].

However, there is another problem with egg yolks beyond the
cholesterol content. A large egg yolk contains w250 mg of phos-
phatidylcholine (lecithin), which is converted by intestinal bacteria
to trimethylamine [19]. Trimethylamine in turn is oxidized in the
liver to trimethylamine n-oxide (TMAO), which is toxic to the
arteries [19,20]. Indeed, growing recognition of the interaction
between diet, the intestinal microbiome and health [21] will revo-
lutionize our understanding of these issues.

Olver and colleagues ask what the hypothesis was. Based on
observations during 36 years of experience with patients at risk
of stroke, and more than 20 years of studying carotid total plaque
area, the hypothesis was that egg yolk consumption might affect
carotid total plaque area in a manner similar to that of smoking.
Like Dr. Lucan, they raise concerns about the inability to adjust
for exercise and other dietary factors. We acknowledged the limita-
tions of our data, which limited our ability to adjust for other die-
tary factors such as exercise, fat, and on starches and sugars, on
which Dr. Lucan also focuses. However, body mass index, which
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Table 1
Eggs per week by quintile of egg-yolk-years.

Egg-yolk-years N Eggs per week (mean) Std. deviation Minimum Maximum

<50 220 0.47 0.44 0.0 2.5
50–110 207 1.37 0.54 0.7 3.0
110–150 263 2.30 0.53 1.5 4.0
150–200 238 2.76 0.59 1.9 4.5
�200 302 4.68 3.03 2.5 30.0

Table 2
Effect of egg yolks and smoking on carotid total plaque area: interaction of egg yolks and smoking (all adjusted for age in the General Linear Model; p ¼ 0.0001 for all compar-
isons of little-smoking little-egg eaters with other groups.).

Smoking and egg
yolk consumption

Little-smoking little-egg eaters
(pack-years <10, egg yolks quintile
1 or 2) n ¼ 95

Little-smoking big egg eaters
(pack-years <10, egg yolks
quintile 4 or 5) n ¼ 284

Smoking little-egg eaters
(pack-years �10, egg yolks
quintile 1 or 2) n ¼ 185

Smoking big egg-eaters
(pack-years �10, egg yolks
top quintile) n ¼ 155

Plaque area
(mm2)

69.16 � 89.05 122.39 � 114.48 153.73 � 141.76 213.61 � 164.62

Increase in
plaque
area
(mm2)

Comparator 53.23 84.57 144.45

Ratio Comparator 1.77 2.22 3.09
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was included in the multiple regression model, probably adjusts to
a large extent for a high intake of those dietary factors.

With regard to the validity of the data on egg yolk consumption
from dietary recall, this is an issue, as we stated in discussing the
limitations of our study, that is common to all dietary studies
relying on recall by patients, including those that can adjust for
exercise, fat consumption and other dietary factors. Data on
smoking history and exercise is similarly based on recall. With
regard to the issue of dietary cholesterol and risk of diabetes, Dan-
dona reviewed in 2010 [22] the effects of macronutrients on inflam-
mation and insulin resistance, and van Bussel et al. [23] found in
2012 that dietary cholesterol was significantly associated with
markers of inflammation and endothelial dysfunction in diabetics.

With regard to the need for additional experimental evidence,we
offered [24], in a reply to letters to the Editor regarding our 2010
review, to carry out a randomized trial of eggs versus egg substitutes,
and estimated that it could easily be funded out of the annual adver-
tising budget of the egg industry. Olver and colleagues argue that we
did not perform enough statistical analyses. To address a question
sent by email by another reader, we analysed in our database the
interaction between smoking and egg yolk consumption. Table 1
shows the number of eggs per week consumed by participants in
thefivequintiles of egg-yolk-years, andTable 2 shows the interaction
between smoking and egg yolk consumption.

Compared to little-smokers (<10 pack-years) who were in the
first quintile of egg consumption, egg yolks alone (quintiles 4 and
5 of egg-yolk-years) increased carotid total plaque area (TPA)
1.77-fold, smoking alone (>10 pack-years) increased TPA 2.22-
fold, and the combination of smoking >10 pack-years and egg
consumption in the top quintile increased TPA 3.09-fold (all signif-
icant after adjustment for age). Thus the effect of egg yolks and
smoking appears to be additive, with egg yolks alone having
approximately 62% of the effect of smoking alone.

Our study showed that compared to the increase of carotid
plaque area by age alone, both smoking and egg yolk consumption
accelerate carotid total plaque area, which is a very strong
predictor of cardiovascular risk [25–28]. A 20-year old man might
feel it would be safe to smoke and eat egg yolks, because his
myocardial infarction is 45 years or so in the future – but why
would he want to accelerate the progression of his atherosclerotic
plaque to bring it on sooner? “Stopping egg yolks after the heart
attack would be like quitting smoking after lung cancer is diag-
nosed” [2].
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