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of Egg Consumption and Dietary Cholesterol
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Nutrition research, in contrast with randomized clinical trials
that compare a drug with placebo, is more difficult for many
reasons, including complexities in data gathering and changes
in human behavior over time. In this issue of JAMA, Zhong and
colleagues 1 report new insights about a controversial
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topic, the association of egg
consumption and dietary cholesterol with cardiovascular disease (CVD) incidence and all-cause mortality. Clearly, the topic
of this study is important to clinicians, patients, and the public at large because the association of egg consumption and dietary cholesterol with CVD, although debated for decades, has
more recently been thought to be less important. Compared
with the meta-analyses and reviews previously published, this
report is far more comprehensive, with enough data to make
a strong statement that eggs and overall dietary cholesterol intake remain important in affecting the risk of CVD and more
so the risk of all-cause mortality.
In the 2014 Lifestyle Guidelines from the American College
of Cardiology/American Heart Association2 and the 2015-2020
Dietary Guidelines for Americans,3 the association of dietary
cholesterol with CVD was minimized. This was because the independent relationship of dietary cholesterol from eggs and
other foods with plasma levels of low-density lipoprotein cholesterol (LDL-C) and CVD remained unproven and was deemed
to be much less important than the well-substantiated effect of
dietary saturated fat on levels of LDL-C, a major risk factor for
atherosclerotic CVD. This position was further supported by
a meta-analysis4 in which the heterogeneous nature of the clinical trials made it difficult to support a relationship among dietary
cholesterol, plasma levels of LDL-C, and CVD risk. In an accompanying editorial,5 some caution was raised using several lines
of evidence. First, there are high-quality clinical research studies in humans,6,7 wherein all components of the diet other than
the cholesterol content were well controlled. In these trials,
increasing amounts of eggs and dietary cholesterol produced incremental increases in LDL-C. Second, a decrease in coronary
heart disease (CHD) events following recommendations for
dietary cholesterol reductions (from <300 mg to <200 mg daily)
has been reported.8 Third, there is epidemiological evidence that
dietary cholesterol intake in patients with diabetes may incur
more CVD harm.8,9 Conversely, the limitations in applying the
evidence of egg consumption on CVD risk and the need for future studies, including studies of the genetic basis of cholesterol intake on CVD risk, were also recently reviewed.10
jama.com

In the report by Zhong et al,1 a harmonized approach was
used to analyze self-reported baseline nutritional data on macronutrient intake in 29 615 adults from 6 prospective US cohorts,
a group with high racial and ethnic diversity, to examine cardiovascular disease outcomes over a median of 17.5 years. The main
finding was that higher consumption of eggs and dietary cholesterol (which included eggs and meats) was significantly associated with incident CVD and all-cause mortality, with a doseresponse relationship. Another important finding in the study
was that associations between dietary cholesterol and incident
CVD and all-cause mortality were no longer significant after adjusting for consumption of eggs and processed and unprocessed
red meat. Moreover, the dietary cholesterol content of eggs fully
explained the association between egg consumption and incident CVD and largely explained the association between egg consumption and all-cause mortality.
Despite the limitation of using only 1 set of baseline dietary intake data to predict observations up to 30 years later, a
major strength of the analysis was the stringent categorization
of dietary constituents to isolate the independent relationships
of dietary cholesterol and eggs with CVD outcomes. Although all
cohorts used different dietary assessment tools (except the 2
Framingham cohorts), this issue was addressed by implementing a rigorous methodology to harmonize dietary data, performing cohort-stratified analyses, and conducting several sensitivity analyses. The result is that other unhealthy behaviors
associated with more egg consumption, such as variations in saturated vs monounsaturated and polyunsaturated fat consumption, tobacco use, physical activity z score, presence or absence
of diabetes, body mass index, and dietary patterns were accounted for in the various models. Importantly, the recent emphasis on advocating dietary patterns (ie, the Mediterranean-style
dietary pattern or Dietary Approaches to Stop Hypertension
[DASH]) rather than specific foods to reduce CVD risk is not only
sufficiently evidence based to be recommended by guidelines,2,3
but also these dietary patterns were recently ranked as best diets
for 2019.11 Yet, Zhong et al1 found that the effect of egg and dietary cholesterol remained after considering the beneficial effect of a heart-healthy dietary pattern, an issue that hopefully will
not discourage implementation or continuation of such healthful dietary patterns. In addition, although 4882 members of the
study cohorts were excluded for missing data, their absence in
the analysis failed to materially affect the findings.
An important reminder is that the data and findings in the
study by Zhong et al1 are observational and reflect associations
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only, not cause and effect. Nonetheless, of interest is how these
data relate to current consumption of eggs and free cholesterol
in the United States. Considering that the average individual in
the United States consumes approximately 295 mg of cholesterol
daily, including 3 to 4 eggs per week,12 the adjusted hazard ratio (HR) for incident CVD (1.06; 95% CI, 1.03-1.10) and for all-cause
mortality (1.08; 95% CI,1.04-1.11) associated with an additional
one-half egg per day were modest, raising the question of whether
these levels of statistical significance are clinically important.
However, excessive egg and cholesterol intake appear to be more
important in individuals who consume many more eggs and
much higher amounts of dietary cholesterol. For instance, for
those who consumed 2 eggs per day rather than 3 to 4 eggs per
week, the HR for incident CVD was 1.27 (95% CI, 1.10-1.45) and
for all-cause mortality was 1.34 (95% CI, 1.15-1.52). For individuals who consumed 600 mg of cholesterol per day, the HR for CVD
was 1.37 (95% CI, 1.19-1.59) and for all-cause mortality was 1.38
(95% CI, 1.22-1.58). Estimating from Figure 1 in the article by
Zhong et al,1 approximately 2% of individuals in the study consumed at least 600 mg of cholesterol daily, and approximately
2% had intakes of at least 2 eggs per day.
However, the relationships between egg consumption or
cholesterol intake with plasma lipids and lipoproteins were
not assessed, yet the presumed increase in CVD risk would be
secondary to higher levels of LDL-C. When healthy young
men consumed 0, 1, 2, or 4 eggs per day for 8 weeks in a clinical trial in which daily cholesterol intake ranged from 128 to
858 mg, total plasma cholesterol and LDL-C increased in parallel by 1.5 mg/dL for every 100 mg of dietary cholesterol
added to the diet.6 In women, the effect was greater, with
increases in LDL-C of 2.1 mg/dL per 100 mg of dietary cholesterol per day when 0, 1, or 3 eggs per day were consumed and
dietary cholesterol intakes ranging from 108 to 667 mg per
day were provided.7
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Zhong et al1 also examined the association of egg consumption and dietary cholesterol with all-cause mortality.
Not surprisingly, dietary cholesterol consumption was significantly associated with CVD mortality (adjusted HR, 1.22
[95% CI, 1.07-1.39]). However, an unanswered question remains: to what mechanism was the association between dietary
cholesterol intake and non-CVD causes of death (adjusted HR,
1.16 [95% CI, 1.08-1.26]) attributable? In this study, an adjudication process was not used to define this important and statistically meaningful relationship. Because some cohorts included a small percentage of patients with cancer, it is of
interest that an association of dietary cholesterol intake with
colon cancer mortality has been documented, and this association was independent of dietary fat quantity and quality.13
However, in the study by Zhong et al,1 there were no data on
cancer death or types of malignancy.
The authors suggest that the meaning of their work is that
“among US adults, higher consumption of dietary cholesterol or eggs was significantly associated with higher risk of
incident CVD and all-cause mortality in a dose-response manner.” Overall, the strength of these relationships is modest, but
higher consumption of cholesterol or eggs substantially above
the median was associated with a monotonic increase in CVD
incidence and all-cause mortality. At the population level, this
is an important finding. The association between egg consumption and dietary cholesterol with CVD events and mortality may be mediated by higher levels of LDL-C, but such an
increase is not always seen,14 and the mechanism of the observed association with non-CVD mortality remains to be defined. Considering the negative consequences of egg consumption and dietary cholesterol in the setting of heart-healthy
dietary patterns, the importance of following evidencebased dietary recommendations, such as limiting intake of
cholesterol-rich foods, should not be dismissed.

consumption with incident cardiovascular disease
and mortality [published March 19, 2019]. JAMA.
doi:10.1001/jama.2019.1572

modest increases in both LDL and HDL cholesterol
in healthy young women. Arterioscler Thromb Vasc
Biol. 1995;15(2):169-178.

2. Eckel RH, Jakicic JM, Ard JD, et al. 2013
AHA/ACC guideline on lifestyle management to
reduce cardiovascular risk Circulation. 2014;129(25)
(suppl 2):S76-S99.

8. Shin JY, Xun P, Nakamura Y, He K. Egg consumption
in relation to risk of cardiovascular disease and
diabetes. Am J Clin Nutr. 2013;98(1):146-159.

3. Dietary Guidelines Advisory Committee.
Scientific Report of the 2015 Dietary Guidelines
Advisory Committee: Advisory Report to the
Secretary of Health and Human Services and the
Secretary of Agriculture. Washington, DC: US Dept
of Agriculture, Agricultural Research Service; 2015.
4. Berger S, Raman G, Vishwanathan R, Jacques PF,
Johnson EJ. Dietary cholesterol and cardiovascular
disease. Am J Clin Nutr. 2015;102(2):276-294.
5. Eckel RH. Eggs and beyond: is dietary
cholesterol no longer important? Am J Clin Nutr.
2015;102(2):235-236.

REFERENCES

6. Ginsberg HN, Karmally W, Siddiqui M, et al.
A dose-response study of the effects of dietary
cholesterol on fasting and postprandial lipid and
lipoprotein metabolism in healthy young men.
Arterioscler Thromb. 1994;14(4):576-586.

1. Zhong VW, Van Horn L, Cornelis MC, et al.
Associations of dietary cholesterol or egg

7. Ginsberg HN, Karmally W, Siddiqui M, et al.
Increases in dietary cholesterol are associated with

9. Rong Y, Chen L, Zhu T, et al. Egg consumption
and risk of coronary heart disease and strokes. BMJ.
2013;346:e8539.
10. Clayton ZS, Fusco E, Kern M. Egg consumption
and heart health. Nutrition. 2017;37:79-85.
11. US News and World Report. Best diets for 2019.
https://health.usnews.com/best-diet. Accessed
February 25, 2019.
12. Xu Z, McClure ST, Appel LJ. Dietary cholesterol
intake and sources among US adults. Nutrients.
2018;10(6):E771.
13. Liu K, Stamler J, Moss D, et al. Dietary
cholesterol, fat, and fibre, and colon-cancer
mortality. Lancet. 1979;2(8146):782-785.
14. Blesso CN, Fernandez ML. Dietary cholesterol,
serum lipids, and heart disease. Nutrients. 2018;
10(4):E426.

JAMA March 19, 2019 Volume 321, Number 11 (Reprinted)

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Kevin Rosteing on 04/24/2019

jama.com

