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Dietary cholesterol and egg yolks: Not for patients at 
risk of vascular disease
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Recent media reports reflect the remarkable effectiveness of the 
sustained propaganda campaign of the egg producers’ lobby. Not 

only in Canada, but around the world, the public, nutritionists (1-3) 
and even physicians (4) are increasingly accepting of the notion that 
dietary cholesterol is not important. Even the Heart and Stroke 
Foundation has been taken in (5), quoting directly from the egg mar-
keters’ propaganda in a brochure distributed to British Columbia and 
Ontario households in February 2010, which is Heart Month! It is 
timely, therefore, to review the evidence that dietary cholesterol is 
important, and that regular consumption of egg yolks cannot be rec-
ommended for patients with cardiovascular disease or for those at high 
risk of cardiovascular disease. 

Recent media RepoRts
In the past year, two studies funded by egg marketing agencies led to 
media reports promoting the benefits of eggs. The first (6) was a British 
study of healthy young people from Surrey who were on a weight loss 
and exercise regimen. This study showed that egg consumption did not 

increase levels of fasting cholesterol. The lack of relevance of an effec-
tive weight loss and exercise program to most patients at risk of vascu-
lar disease seemed to escape the commentators. The second was a 
Canadian study (7), which showed that eggs contain a substance that 
inhibits angiotensin- converting enzyme. This study led to media 
reports that eggs could be beneficial, even though the study was 
in vitro, with no established relevance to human disease. The eager-
ness of the media to report benefits of egg consumption suggests that 
such stories are of interest because they are surprising reversals of 
accepted wisdom. However, the consequences of high cholesterol 
intake in those at increased risk of cardiovascular disease who are sed-
entary and not losing weight – especially when already consuming 
relatively high levels of saturated fat – give reason for concern.

Recommendations to limit  
cholesteRol intake

Although the low-fat diet originally recommended by the National 
Cholesterol Education Program (NCEP) was probably not the optimal 
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A widespread misconception has been developing among the Canadian 
public and among physicians. It is increasingly believed that consumption 
of dietary cholesterol and egg yolks is harmless. There are good reasons for 
long- standing recommendations that dietary cholesterol should be limited 
to less than 200 mg/day; a single large egg yolk contains approximately 
275 mg of cholesterol (more than a day’s worth of cholesterol). Although 
some studies showed no harm from consumption of eggs in healthy people, 
this outcome may have been due to lack of power to detect clinically rele-
vant increases in a low-risk population. Moreover, the same studies showed 
that among participants who became diabetic during observation, con-
sumption of one egg a day doubled their risk compared with less than 
one egg a week.
Diet is not just about fasting cholesterol; it is mainly about the postprandial 
effects of cholesterol, saturated fats, oxidative stress and inflammation. A 
misplaced focus on fasting lipids obscures three key issues. Dietary choles-
terol increases the susceptibility of low-density lipoprotein to oxidation, 
increases postprandial lipemia and potentiates the adverse effects of dietary 
saturated fat. Dietary cholesterol, including egg yolks, is harmful to the 
arteries. 
Patients at risk of cardiovascular disease should limit their intake of choles-
terol. Stopping the consumption of egg yolks after a stroke or myocardial 
infarction would be like quitting smoking after a diagnosis of lung cancer: 
a necessary action, but late. The evidence presented in the current review 
suggests that the widespread perception among the public and health care 
professionals that dietary cholesterol is benign is misplaced, and that 
improved education is needed to correct this misconception.
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le cholestérol alimentaire et les jaunes d’œuf : 
pas pour les patients vulnérables à une maladie 
vasculaire

Une idée fausse et généralisée se répand au sein du public canadien et des 
médecins, qui pensent de plus en plus que la consommation de cholestérol 
alimentaire et de jaunes d’œuf est inoffensive. Les recommandations de 
longue date qui préconisent de limiter le cholestérol alimentaire à moins 
de 200 mg/jour reposent sur de bonnes raisons. Un seul gros jaune d’œuf 
contient environ 275 mg de cholestérol (plus que la portion quotidienne de 
cholestérol). Même si certaines études ont démontré que la consommation 
d’œufs n’est pas nuisible chez les personnes en santé, ce résultat peut découler 
de l’absence de capacité à déceler des augmentations pertinentes sur le plan 
clinique au sein d’une population à faible risque. De plus, les mêmes études 
ont révélé que chez les participants devenus diabétiques pendant la période 
d’observation, la consommation d’un œuf par jour doublait leur risque par 
rapport à la consommation de moins d’un œuf par semaine.
Le régime ne vise pas à éviter le cholestérol, mais surtout les effets 
postprandiaux du cholestérol, des gras saturés, du stress oxydant et de 
l’inflammation. Le fait de se concentrer à tort sur les lipides à jeun occulte 
trois enjeux. Le cholestérol alimentaire accroît la susceptibilité des 
lipoprotéines à faible densité à l’oxydation, accroît la lipémie postprandiale 
et potentialise les effets secondaires des graisses saturées alimentaires. Le 
cholestérol alimentaire, y compris les jaunes d’œuf, est nuisible pour les 
artères.
Les patients vulnérables aux maladies cardiovasculaires devraient limiter 
leur consommation de cholestérol. Le fait d’arrêter de consommer des 
jaunes d’œuf après un accident vasculaire cérébral ou un infarctus du 
myocarde s’apparenterait à arrêter de fumer après un diagnostic de cancer 
du poumon : c’est un geste nécessaire, mais entrepris tardivement. D’après 
les données probantes présentées dans la présente analyse, la perception 
généralisée du public et des professionnels de la santé selon laquelle le 
cholestérol alimentaire est un mal bénin est une idée fausse, et une 
meilleure information s’impose pour la corriger.
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diet (8), there were good reasons for its recommendation that patients 
at risk of cardiovascular disease should limit their cholesterol intake to 
less than 200 mg/day (in both the NCEP Step 2 diet [9] and the 
American Heart Association dietary recommendations [10]). The 
general population was advised to limit cholesterol intake to less than 
300 mg/day (9,10). More recently, the “Healthy People 2000” goal 
(11) of a dietary cholesterol intake of 200 mg/day or less for the gen-
eral United States population appeared to be obtainable based on 
trends seen in the National Health and Nutrition Examination 
Surveys (12). A single egg yolk contains approximately 215 mg to 
275 mg of cholesterol (depending on the size). The yolk of a large egg 
provides more than the 210 mg of cholesterol in a Hardee’s Monster 
Thickburger (Hardee’s Food Systems Inc, USA), which contains 
 two-thirds of a pound of beef, three slices of cheese and four strips of 
bacon (13). A single egg yolk thus exceeds the recommended daily 
intake of cholesterol. 

it is not all about fasting  
cholesteRol levels

A common misconception is that because statin drugs lower fasting 
cholesterol levels by approximately one-half and a low-fat diet only 
lowers cholesterol levels by approximately 10% (14), there is no 
point in worrying about diet – simply take a statin, and it will be okay 
to eat anything! Nothing could be further from the truth. Although 
statins lower coronary artery disease risk by 25% to 40% and possibly 
more, it has been estimated that diet may account for 85% of coro-
nary risk (15), and in the best of circumstances, statins still leave a 
residual coronary risk in the order of 70% in major clinical trials 
(16). 

In human subjects, a high intake of dietary cholesterol increased 
fasting low-density lipoprotein (LDL) levels by approximately 10% 
(17) in a dose-dependent manner (18). A 10% increase in fasting 
cholesterol levels may not seem like much, but in the first study to 
show that diet and cholestyramine reduced coronary risk, a 12% 
reduction of fasting LDL levels reduced coronary risk by 19% (19). 
Even the relatively permissive Step 1 American Heart Association 
diet (300 mg/day of cholesterol and 30% of calories from fat) reduced 
fasting LDL levels by approximately 10%, compared with a typical 
western diet (14). 

Furthermore, diet is not all about fasting lipids; it is mainly about 
the three-quarters of the day that we are in the nonfasting state (20). 
Fasting lipids can be thought of as a baseline; they show what the 
endothelium was exposed to for the last few hours of the night. Then 
we get up and eat breakfast. For the next several hours, the endothe-
lium is exposed to sugars, fats, cholesterol and free radicals from that 
meal, on top of the baseline. Then we have lunch followed by supper 
and by the time we retire to bed, we have been in a nonfasting state 
for approximately 18 h of the day. This is determined without even 
considering snacks between meals.

A focus on fasting LDL and dietary cholesterol levels per se has 
obscured three important issues. The first is that dietary cholesterol 
increased susceptibility of LDL to oxidation by 37% (21) in one study 
and by 39% in another (22). The latter study was performed with 
cooked egg yolks fed for periods of 32 days. The second issue is that the 
consumption of more than 140 mg dietary cholesterol in a single meal 
markedly increases postprandial lipemia (23). Third, dietary choles-
terol potentiates the adverse effects of dietary saturated fat (the bacon 
and egg effect), as discussed below.

In a study of normolipidemic young men (52 Caucasian and 
32 non-Caucasian), Fielding et al (24) compared the effects of diets 
high or low in saturated and polyunsaturated fat (polyunsaturated/ 
saturated fat ratio 0.8 versus 0.3). The study also compared diets high 
versus low in cholesterol (200 mg versus 600 mg). At the lower cho-
lesterol intake, the high saturated fat diet had only a modest effect 
on LDL cholesterol level in Caucasians (increase of 6 mg/dL 
[0.16 mmol/L]) and no effect in non-Caucasians. However, the diet 
with 600 mg cholesterol and high in saturated fat led to a substantial 

mean increase in LDL cholesterol level, which was significantly 
greater in Caucasian than in non-Caucasian subjects (increase of 
31 mg/dL [0.82 mmol/L] versus 16 mg/dL [0.41 mmol/L], P<0.005). 
In contrast, 600 mg of cholesterol with increased polyunsaturated fat 
gave a mean LDL level increase of 16 mg/dL (0.42 mmol/L) – lower 
than that found when the same high cholesterol intake was coupled 
with increased saturated fat. Variation in cholesterol level rather 
than the proportions of saturated and polyunsaturated fat had the 
most influence on LDL cholesterol levels. Among non- Caucasians in 
this study, it was the only significant factor.

dietaRy cholesteRol, postpRandial fat 
and oxidative stRess

The principal reason for measuring serum cholesterol levels in the fast-
ing state is to minimize variability (25). Postprandial levels of lipids 
are at least as predictive of risk as fasting lipid levels (26,27); the dif-
ficulty is in standardizing the conditions in which they are measured. 

In mouse models, both a western diet and a high-cholesterol diet 
induce endothelial dysfunction (28). In human subjects, endothelial 
function is impaired for approximately 4 h after consumption of a 
high-fat/high- cholesterol meal; this effect is probably due to oxida-
tive stress (29), because the effect is mitigated by the antioxidant 
supplements (30).

The effects of dietary cholesterol on serum cholesterol are, in part, 
dependent on the diet and the characteristics of the individual con-
suming the cholesterol. Dietary cholesterol has a much greater effect 
on people consuming a low-cholesterol diet, with a threshold effect as 
shown by Connor et al (31). In their 1961 study, Connor et al also 
showed that egg yolk, containing 240 mg of cholesterol, had a greater 
hyperlipidemic effect than pure crystalline cholesterol dissolved in oil. 
In people consuming a low-cholesterol diet, egg yolk intake increased 
fasting serum cholesterol level by 40 mg/dL (1.04 mmol/L) (31). This 
finding was substantiated later by Mattson et al (32) and Sacks et al 
(33), who found a 12% increase in LDL cholesterol level with egg 
consumption.

The relationship of the apolipoprotein (apo) E phenotype with 
the effects of dietary cholesterol was analyzed in a Finnish study (34). 
At baseline, there were no statistically significant differences in lipid 
concentrations between the phenotype groups. The cholesterol-rich 
diet induced significant increases in total cholesterol levels, LDL 
cholesterol levels and apoB in all apoE groups (P<0.001). The mag-
nitudes of these increases were similar in groups E3/2, E3/3 and E4/3, 
in which total cholesterol concentration rose by 13%, 18% and 12%, 
respectively. Stronger responses were observed in the small group of 
E4/4 subjects, in whom the increases in total cholesterol levels, LDL 
cholesterol levels and apoB were more than doubled, compared with 
all the other phenotypes studied (34). Knopp et al showed that the 
increase in fasting LDL cholesterol level associated with egg con-
sumption was greater in subjects without insulin resistance (35) and 
in those with combined hyperlipidemia (36). 

egg yolks and postpRandial 
inflammation

Feeding of egg yolks induces inflammation characterized by eleva-
tions of C-reactive protein and serum amyloid A, but this effect is 
more pronounced in lean individuals without insulin resistance (37). 
Mechanisms of the inflammatory effects of dietary cholesterol have 
been investigated in animal models. Dietary cholesterol worsens 
macrophage accumulation in adipose tissue and atherosclerosis in 
 LDL-receptor-deficient mice (38), and increases systemic inflamma-
tion (39). Dietary cholesterol also induces monocyte chemoattractant 
protein-1, contributing to hepatic steatosis (40). 

A Mediterranean diet improves endothelial function compared 
with a western diet (41,42), probably because in addition to being 
lower in cholesterol and animal fat, it has higher levels of antioxidants 
and lower levels of free radicals (43). 
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adveRse effects of dietaRy cholesteRol
Despite widespread belief to the contrary, it is simply not true that 
dietary cholesterol is harmless. Concern about dietary cholesterol has 
been developing over the past 40 years. This concern is based on the 
careful and independent conclusions of Ancel Keys and Mike Hegsted, 
who formulated our two most commonly used equations (44,45) relat-
ing dietary saturated and polyunsaturated fat and cholesterol to serum 
cholesterol. 

There is also no doubt that cholesterol feeding is a causal factor in 
animal models of atherosclerosis. Such models include rhesus monkeys 
fed a diet rich in egg yolks that developed hypercholesterolemia, xan-
thomatosis and atherosclerosis (46,47). In 1908, Ignatowski showed 
that meat – containing the pro-oxidant iron – fed to adult rabbits, or 
milk and egg yolks fed to weanling rabbits, induced atherosclerosis 
(48). In 1913, Anitschkov established the cholesterol-fed rabbit as a 
model for dietary atherosclerosis (49). Cholesterol feeding in rabbits 
not only causes cholesterol accumulation in plasma and the arterial 
wall but also promotes inflammation and cell proliferation, which may 
be blocked by the anti-inflammatory agent cortisone to prevent the 
formation of raised atherosclerotic lesions (50).

The human diet contains large quantities of oxidized fatty acids 
and oxidized cholesterol because a large portion of the fat and choles-
terol in the diet is often prepared in fried, heated or processed form 
(51); as much as 12% of dietary cholesterol is in the oxidized form 
(39). Salonen et al (52) showed that lipid oxidation independently 
increased progression of carotid intima-media thickness. It seems 
likely that it is oxidized cholesterol in the diet that is harmful. 

Dietary cholesterol increased coronary risk in both the Ireland-
Boston Diet-Heart Study (53) and the Western Electric study (54). 
These results showed good agreement between the Keys dietary score, 
which emphasized saturated fat, and the Hegsted score, which empha-
sized dietary cholesterol.

Possible confounding of cholesterol intake from eggs with other 
risk factors, such as smoking, have been raised as a concern. However, 
the careful work of Markus et al (55) showed that cholesterol intake, 
independent of smoking and other risk factors, increased carotid 
intima- media thickness.

egg consumption and  
caRdiovasculaR Risk

The proponents of egg consumption repeatedly point out (eg, in adver-
tisements in last year’s Medical Post, and in a letter to the Globe and 
Mail last year) that two large epidemiological studies (56,57) showed no 
harm from egg consumption in healthy people. However, they fail to 
mention that both those studies showed that in participants who 
became diabetic during observation, consumption of one egg a day 
markedly increased cardiovascular risk compared with less than one per 
week (56,57). The first study – the Health Professionals Study – 
included physicians and nurses, and showed a doubling of cardiovascular 
disease in men who became diabetic during the course of the study. It 
also showed a significant increase of new-onset diabetes with regular egg 
consumption (56). 

The second study (57) also showed a doubling of cardiovascular 
risk with regular egg consumption in participants who became diabetic 
during the course of the study, but not in people who remained healthy 
and free of diabetes. 

In these two studies, failure to show harm from eggs in healthy 
people is likely an issue of statistical power: in healthy people, a 
larger study with longer follow-up would be required; in diabetic 
patients who have a coronary risk equivalent to that of patients with 
coronary artery disease, the statistical power was adequate to show a 
harmful effect of egg yolks. A recent reanalysis of the smaller 
Physicians’ Health Study (58) did not show an increase in cardiovas-
cular disease, but did show that regular egg consumption doubled 
all-cause mortality. Two recent studies (59,60) also showed that con-
sumption of eggs increased new-onset diabetes, independent of other 
dietary factors.

Furthermore, those following a lifelong lacto-ovo vegetarian diet 
have a markedly reduced risk of cardiovascular disease (by approxi-
mately 40% in men and approximately 50% in women) (61). However, 
this group also has an absence of heme iron in the diet as a  pro-oxidant, 
together with an increased fibre- and plant sterol-induced loss of cho-
lesterol as bile acids and fecal cholesterol. 

conclusion
There is no question that egg white is classed as a valuable source of 
high-quality protein. Egg yolks, however, are not something that should 
be eaten indiscriminately by adults without regard to their global cardio-
vascular risk, genetic predisposition to heart attacks and overall food 
habits. Diabetic patients are a case in point. At a time when inactivity, 
obesity and diabetes are increasing internationally, together with the 
western diet and lifestyle, it seems very unwise to reverse the long-
standing recommendations on limiting cholesterol consumption. 
Reduced cholesterol intake formed a major part of the advice given over 
the past four decades, during which time a marked reduction in cardio-
vascular disease has been recorded. In our opinion, stopping egg con-
sumption after a myocardial infarction or stroke would be like quitting 
smoking after lung cancer is diagnosed: a necessary act, but late.
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