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Our group recently published a study in the Fournal of
the American Medical Association, reporting that higher
consumption of eggs or dietary cholesterol was associated
with higher risk of cardiovascular disease and mortality in
US adults (1). The publication of this result has triggered
a new round of discussion and debate regarding the health
concerns of egg and dietary cholesterol consumption. As
discussed in the article (1) as well as related editorials (2,3),
this is an observational study with limitations, although we
pooled together a large diverse sample and implemented
rigorous methodologies to analyze the data. In this editorial,
I plan to cover several issues that are not discussed in the
published article due to space constraints (1).

Mechanistic explanations are critical to support an
association identified from observational studies. The most
widely studied mechanism is the effect of egg or dietary
cholesterol consumption on serum cholesterol concentrations
from randomized clinical trials (RCTS) (4,5). These RCTs
were conducted in small selective samples (n<201) with short
intervention duration (<1 year) and the intervention doses of
dietary cholesterol (~500-1,400 mg/day) were much higher
than the mean intake in US adults (~290 mg/day) (6).
These are important points to consider when interpreting
findings from these RCTs. People often directly use the
reported effect of egg or dietary cholesterol consumption
on serum cholesterol concentrations from RCTs (short-
term effect) to interpret the association between egg or
dietary cholesterol consumption and cardiovascular disease
from observational studies (long-term outcome). The
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connection between the two is not that straightforward
for a complex disease. Nonetheless, meta-analyses of
RCTs show that dietary cholesterol or egg consumption
increased concentrations of total cholesterol, low-density
lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C) (4,5). The effect of egg or
dietary cholesterol consumption on LDL-C/HDL-C ratio
remains controversial, due to the small number of available
RCTs. We found that the significant associations of dietary
cholesterol or egg consumption with cardiovascular disease
and mortality remained after adjusting for baseline serum
cholesterol concentrations (1). The identified positive
associations may be driven by other mechanisms. Eggs are
a rich source of dietary choline that can be converted to
trimethylamine by gut bacteria which is further oxidized
to trimethylamine-N-oxide (TMAO). TMAO has been
associated with type 2 diabetes, atherosclerosis, and major
cardiovascular events in a dose-dependent manner (7-9).
Other mechanisms related to egg or dietary cholesterol
consumption have also been reported, such as LDL
oxidation, impaired endothelial function, inflammation, and
carotid atherosclerosis (10).

Usually, an observational study presents averaged
association estimates for all participants and possibly
subgroups. These sample/subgroup-level estimates may
not be applicable to each participant in the study. For
example, individual variation exits in serum cholesterol
concentrations in response to dietary cholesterol
consumption and individuals can be classified as hypo- and
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hyper-responders (11). The presence of consistent hypo- and
hyper-responsiveness of serum cholesterol concentrations
to dietary cholesterol consumption can be partly explained
by genetic predisposition (12). In a subgroup analysis of
our study, egg or dietary cholesterol consumption was
significantly associated with cardiovascular disease, only
among those who did not have low serum cholesterol
concentrations (1). No association was identified among
those who had low serum cholesterol concentrations. Low
serum cholesterol concentrations were defined as LDL-C
<70 mg/dL or non-HDL-C <100 mg/dL, among those
who did not take lipid-lowering medications. It might be
possible that hypo-responders, whose serum cholesterol
concentrations are less sensitive to dietary cholesterol
consumption compared with hyper-responders, were more
common in the low than high serum cholesterol group.
However, genetic predisposition of the study participants
was not investigated in our study. Further, only ~9% of
the study participants were in the low serum cholesterol
group. This subgroup finding requires replication. Future
prospective cohort studies are encouraged to study the
association of egg or dietary cholesterol consumption with
cardiovascular disease in hypo- and hyper-responders,
respectively.

We focused on eggs in our study (1), because eggs,
specifically egg yolks, have the highest dietary cholesterol
content among commonly consumed foods. However, meats
(~42%) are the largest contributor of dietary cholesterol in
US diet, followed by eggs (~25%), grain products (~17%),
and dairy products (~11%) (6). The association between
substituting eggs with other cholesterol-containing foods or
non-cholesterol containing foods and cardiovascular disease
remains to be determined. This information is important
for informing dietary choices and dietary guidelines,
if a positive association between egg consumption and
cardiovascular disease does exist.

The effect size for the association between egg
consumption and cardiovascular disease in our study was
small [hazard ratio, 1.06; 95% confidence interval (CI),
1.03-1.10] (1), but it is a reasonable effect size for a single
food. The population-level impact of egg consumption on
cardiovascular disease incidence may not be negligible. The
reported small effect size is due to the use of half an egg
consumed per day as the interpretation unit. This is based
on the mean egg consumption among US adults (13). For
individuals who consumed 1 egg or 2 eggs per day compared
with non-consumers, the hazard ratio was 1.12 (95% CI,
1.05-1.20) and 1.27 (95% CI, 1.10-1.45), respectively, but
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only ~10% of the study participants consumed 1 egg/day
or more.

Conducting an RCT to study the effect of egg
consumption on long-term health endpoints such as
cardiovascular events is financially prohibitive, if not
practically and ethically impossible. High-quality prospective
cohort studies remain highly valuable. Future studies will
need to better illustrate the underlying mechanisms, take
into account individual variation in serum cholesterol
response to dietary cholesterol consumption, and determine
the association between substituting eggs with other foods
in relation to cardiovascular disease risk. Before all these,
the debate about the safety of egg or dietary cholesterol
consumption in adults will continue.
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