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Abstract

Purpose of Review Our aims are to explore the evidence for egg consumption effects on cardiovascular disease risk factors and
the relationship between egg consumption with risk of coronary heart disease, stroke, heart failure, hypertension, and also to
briefly discuss cardiovascular implications of egg consumption in individuals with diabetes and chronic kidney disease.
Additionally, we provide a framework for health professionals when counseling patients on egg consumption as it relates to
cardiovascular disease risk, and highlight areas where evidence is inconclusive and in need of future investigation.

Recent Findings The relationship between egg consumption and cardiovascular diseases remains an area of significant debate
among health professionals, as historically, eggs have been seen as potentially harmful if consumed frequently. The majority of
existing evidence supports that assertion that moderate egg consumption of up to one egg per day in otherwise healthy individuals
is not associated with a higher risk of ASCVD. In fact, eggs are a nutritious staple food that can be consumed in moderation in
healthy individuals.

Summary Diet is all about balance. Moderate egg consumption, i.e., up to one egg per day, is not associated with a higher risk of

cardiovascular diseases. Besides, eggs are an affordable food with a high content of many important nutrients.

Keywords Egg consumption - Cardiovascular disease

Introduction

Eggs are a popular dietary component in the general popula-
tion. The USDA reports that per capita consumption of eggs
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peaked in the 1940s and steadily declined until the early 1990s
and consumption has now increased over the past three de-
cades [1]. Indeed, US citizens are estimated to have consumed
245 eggs per person in 2011. This increase in egg consump-
tion has been hypothesized to be due to changes in the health
perceptions of eggs, as well as increased use of processed eggs
and their derived products over the past few decades [2].
According to the USDA, one large egg contains approxi-
mately 5 g of fat, 2/3 of which is unsaturated; 187 mg of
cholesterol; 147 mg of choline; and 6 g of high-quality pro-
tein, along with iron, vitamins, minerals, and carotenoids.
Historically, healthcare and nutrition professionals have ad-
vised individuals to limit the consumption of eggs given the
relatively high amounts of cholesterol per egg [3] and the
potential association with increased risk of atherosclerotic car-
diovascular disease (ASCVD). However, the relationship be-
tween increased egg and dietary cholesterol intake with
ASCVD risk remains a topic a great debate in nutrition [4].
Interestingly, the 2015 edition of Dietary Guidelines for
Americans no longer contains the recommendation to limit
daily dietary cholesterol intake to 300 mg. However, the
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guidelines do suggest that individuals should limit cholesterol
intake whenever possible in the context of an overall healthy
diet [5]. Similarly, although current guidelines from the
American Heart Association (AHA) and American College
of Cardiology (ACC) do include specific recommendations
to reduce dietary cholesterol, the specific amount are not spec-
ified [6, 7).

Egg consumption and ASCVD risk associations are con-
siderably debated, and evidence linking the two have been
mixed [8, 9]. This observed heterogeneity has a number of
possible explanations. For one, it is important to consider that
an individual’s response to dietary cholesterol consumption
can vary significantly. Prior studies have demonstrated
hypo- and hyper-responders to dietary cholesterol consump-
tion and possible genetic variations in lipid metabolism
[10-13]. Additionally, multiple potential mechanisms have
been proposed to link egg consumption to ASCVD. Serum
cholesterol effects have been the most studied mechanism;
however, other potential mechanistic links such as
trimethylamine N-oxide (TMAO) levels, increased LDL oxi-
dation, endothelial dysfunction, and vascular inflammation
have also been proposed [14—18]. Furthermore, observed dif-
ferences in clinical outcomes may vary geographically with
differences in socioeconomic, nutritional, and health status, as
well as difference in egg consumption habits [19]. Thus, al-
though a significant number of systematic reviews and meta-
analyses have shown no higher risk of ASCVD with egg con-
sumption or dietary cholesterol, these various results must be
interpreted carefully. In this state-of-the-art review, our aim is

to provide a critical appraisal of the available literature regard-
ing egg consumption and ASCVD risk and clarify these asso-
ciations. Figure 1 summarizes egg consumption and cardio-
vascular health.

Methodology

In this critical review, we extensively searched PubMed for
studies pertaining to egg consumption and cardiovascular dis-
case within the past 15 years for consideration of inclusion.
We searched using keywords such as “egg,” “egg consump-
tion,” “cardiovascular,” “disease,” “atherosclerosis,” “stroke,”
“hypertension,” coronary artery disease,” “ischemic heart dis-
ease,” “acute myocardial infarct,” “acute coronary syndrome,”
“stroke,” “heart failure,” “cardiac failure,” and “mortality.”
We only included studies that were observational, prospective
cohorts, randomized controlled trial, or case control design.
Animal studies were not included. Additionally, epidemiolog-
ic studies that did not directly observe egg consumption and
cardiovascular outcomes were not included.

99 ¢

99 ¢

Current Dietary Cholesterol Guidelines and
Recommendations

As the principle concern for egg consumption relates to die-
tary cholesterol intake, the following guidelines are briefly
reviewed. Historically, dietary cholesterol recommendations
have been explicitly mentioned in multiple scientific and
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nutritional society guidelines; however, in recent years, these
recommendations have become generally less stringent. For
example, the 2013 AHA/ACC guidelines for lifestyle changes
to reduce ASCVD risk do not provide a specific directive on
dietary cholesterol. The authors concluded that there is insuf-
ficient evidence to support that increased dietary cholesterol
increases low-density lipoprotein cholesterol (LDL-C) levels
in the blood [20].

Additionally, the 2015 edition of the Dietary Guidelines for
Americans no longer contains the recommendation to limit
daily dietary cholesterol intake to 300 mg; however, the au-
thors do suggest that individuals should limit cholesterol in-
take when possible [5]. Ultimately, the guidelines emphasize
an overall heart-healthy eating pattern rich in plant foods
which tends to lower overall dietary cholesterol intake
anyway.

The most recent 2019 ACC/AHA guidelines on the Primary
Prevention of Cardiovascular Disease emphasize an overall
healthy diet including vegetables, fruits, nuts, whole grains,
lean protein, and fish and to limit dietary fat intake [6]. The
guidelines also discuss the beneficial evidence for plant-based
diets and recommend that reduced cholesterol and sodium in-
take may decrease the risk of ASCVD (class Ila evidence).
Additionally, the 2018 Guideline on the Management of
Blood Cholesterol make similar dietary recommendations and
further advise LDL-lowering dietary interventions in individ-
uals with various dyslipidemias [7].

Finally, the National Lipid Association Recommendations
for Patient-Centered Management for Dyslipidemia advised
that for individuals with elevated blood cholesterol levels,
dietary cholesterol intake should be limited to 200 mg per
day (i.e., the content of 1 egg) [21]. The authors also note that
there are those “hyper-responders” to dietary cholesterol in-
take and these individuals should also be limited to < 200 mg/
day.

Egg Composition, Dietary Cholesterol, and Lipidemic
Effects

Eggs are a nutrient-dense food with relatively high protein
content. They are a significant potential source of trace ele-
ments and minerals (e.g., Ca, Fe, Mg, P, K, Na, and Zn), as
well as important vitamins (e.g., vitamins A, D, B6, and B12;
thiamin; riboflavin; and niacin) [22]. Certain bioactive ingredi-
ents in eggs may be anti-inflammatory and antimicrobial and
have anti-oxidant effects [23]. Furthermore, eggs are affordable
for most consumers with a current average ad price of around
$1.12 per dozen of conventional shell eggs as of October 23,
2020 [24]. These factors together make eggs an interesting
dietary component for many individuals. However, in one
egg, the amount of cholesterol ranges from 187 to 227 mg on
average [22]. This would suggest that one egg alone could
exceed some national health organizations recommendations

[21] for daily dietary cholesterol intake in certain at-risk indi-
viduals. Clearly, eggs are a significant source of dietary cho-
lesterol; yet, egg consumption may not be associated with an
increased risk of ASCVD outcomes.

It is well established that LDL-C elevation is associated with
an increased risk of ASCVD. Whether or not and to what extent
increased dietary cholesterol leads to an elevated LDL-C is an
area of significant debate and has been evaluated in previous
studies [25-30]. Some meta-analyses have shown that in-
creased dietary cholesterol does modestly increase total blood
cholesterol levels and LDL-C levels; however, other studies
have shown conflicting results [4]. Of note, most cholesterol-
containing food sources also contain significant amounts of
saturated fats which can have a cholesterol-raising effect mak-
ing such interpretation difficult. Thus, the specific relationship
between egg consumption and various blood lipid parameters
has been an area of ongoing investigation.

Multiple feeding studies have been conducted which ex-
amined the effects of egg consumption on various blood lipid
parameters. In a recent scientific advisory from the American
Heart Association, Carson et al. [4] performed a meta-
regression analysis which included controlled feeding studies
in order to analyze the effects of dietary cholesterol on blood
lipid levels. Of the 11 studies included for analysis, 9 of them
used eggs as the source of dietary cholesterol. The other two
studies did not explicitly report the dietary cholesterol source.
The authors found a positive association between dietary cho-
lesterol intake and total cholesterol (TC) concentration with a
change in dietary cholesterol of 300 mg/day correlating to an
increase in total serum cholesterol of approximately 10 mg/dL
as seen in prior feeding studies [31-33]. A positive trend
remained after eliminating studies that had a very high dietary
cholesterol intake protocol (> 1000 mg/day).

Rouhani et al. [34] performed a meta-analysis which in-
cluded 28 randomized controlled trials that compared blood
lipid levels in egg and non-egg consuming groups. The au-
thors demonstrated a modest increase in TC (5.6 mg/dL), LDL
(5.55 mg/dL), and HDL (2.13 mg/dL) cholesterol in egg con-
suming groups. There was no increase in the LDL to HDL or
TC to HDL ratios which are also important CVD risk factors
[35]. There was no increase in triglyceride levels with egg
consumption. Recently, Khalighi Sikaroudi et al. [36] per-
formed meta-analysis which included 66 clinical trials
pertaining to egg consumption and various blood lipid com-
ponent levels. Similarly, the authors found a positive associ-
ated increase in TC (9.12 mg/dL), LDL (7.39 mg/dL), and
HDL (1.41 mg/dL). There was no significant effect seen with
egg consumption and LDL to HDL ratio or triglycerides. It
should be noted however that the heterogeneity among studies
included in this meta-analysis was rather high.

It is important to note that when interpreting and analyzing
randomized controlled trials involving egg consumption effects
on blood lipid levels, other foods are often replaced by the eggs
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in the study design. Thus, increasing egg consumption neces-
sarily implies reducing the intake of other dietary components
which can be problematic when drawing clinical conclusions as
dietary patterns can vary greatly [37]. Additionally, not all
studies controlled for concomitant saturated fat intake which
is important to take into consideration given the cholesterol-
raising effects of saturated fat and the close relationship be-
tween dietary cholesterol and saturated fat sources. Thus, there
is some evidence that egg consumption may have a modest
effect on blood lipid parameters; however, this does not seem
to translate to worse ASCVD outcomes.

Egg Consumption and Trimethylamine N-oxide: an
Alternative Link to CVD

Mechanistically, cholesterol intake leading to atherosclerosis
represents one potential explanation for increased ASCVD
risk in egg consuming individuals. However, research has also
emerged investigating another potential mechanism in
ASCVD and egg consumption. Eggs contain relatively high
amounts of choline which are converted to trimethylamine in
the gastrointestinal tract by bacteria. Trimethylamine is ulti-
mately converted to trimethylamine N-oxide (TMAO) in the
liver. It has been suggested in both animal and human studies
that increased TMAO levels are associated with an increased
risk of adverse cardiovascular events [38¢¢]. Given this poten-
tial association, recent studies have been conducted assessing
the effects of egg consumption and TMAO levels as a possible
mechanistic link to ASCVD.

In a randomized crossover study which included 20 over-
weight postmenopausal women, Zhu et al. [39] administered 2
whole eggs versus an equivalent yolk free substitute for 4
weeks each. The authors found that choline and betaine levels
were significantly increased after the whole egg diet; however,
TMAO levels did not increase. In a similar randomized cross-
over trial, Lemos et al. [40] administered either whole eggs or
a choline supplement to 30 study participants. When compar-
ing post-intervention data of the two groups, plasma TMAO
levels were not significantly affected with either whole eggs or
the choline supplement when compared to baseline levels.
However, post- versus pre-intervention study design is noto-
riously problematic in nutritional studies [37]. This was again
confirmed in a 14-week crossover study of 38 participants
who were given no eggs followed by 1, 2, and 3 eggs/day
for 4 weeks each. The investigators found that higher egg
consumption was associated with increased HDL cholesterol,
reduced LDL/HDL cholesterol ratio, and increased plasma
choline [41]. Most importantly, there was no increase in
TMAO concentrations with egg consumption.

Additionally, Messimer et al. [42] made a similar observa-
tion in a randomized crossover trial including 50 healthy
adults who ate either oatmeal or 2 eggs for breakfast for 4
weeks. In the egg-consuming group, plasma choline levels
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were higher compared to baseline, but there was no increase
in TMAO levels.

Finally, Rohrmann et al. [43] conducted an observational
study which measured TMAO levels in 271 adults. The au-
thors found that egg, meat, or fish consumption were not as-
sociated with increased TMAO concentrations. Interestingly,
they did note a positive relationship between TMAO levels
and milk and dairy food consumption.

Although TMAO may have important cardiovascular im-
plications, egg consumption does not seem to have a signifi-
cant short-term effect on TMAO levels based upon review of
contemporary literature. As previously demonstrated, there is
significant inter-individual variability in TMA/TMAO metab-
olism linking to dietary nutrients, and TMAO clearance seems
to change over time [44]. It is also conceivable that the source
and the form of choline may have potential impact in the
ability for the microbes to increase TMA production, and
whole foods containing choline may differ from oral supple-
mentation of choline that is commonly used as dietary supple-
mentation. Certainly, more robust clinical trials would be
needed to clarify the potential relationship between TMAO
and egg consumption.

Egg Consumption and Cardiovascular Disease
Outcomes

Overall CVD Risk and Mortality Outcomes

Multiple studies evaluated the potential association between
egg intake and CVD outcomes as well as mortality. Several
studies delineate comorbidities and the specific types of car-
diovascular disease (CVD), while others do not. Here we re-
view relevant research on the topic to date (Table 1).

Qureshi et al. [45] evaluated the potential association of
egg consumption and risk of overall ASCVD (stroke and
CAD), and mortality. The study included a national cohort
0f 9734 adults. After adjusting for demographics, the authors
found that participants did not have higher risk of overall
ASCVD or all-cause mortality when comparing those who
ate < 1 egg per week to those that ate > 6 eggs per week.
Djousse and Gaziano [46] performed an observational study
using 21 327 participants from the Physicians’ Health Study
to evaluate egg consumption and ASCVD risk and mortality.
In a multivariate Cox regression, the authors observed that egg
consumption was not associated with incident MI or stroke.
However, adjusted hazard ratios for mortality indicated higher
mortality risk with higher egg consumption (HR of 1.23 in
those who consumed at least 7 eggs per week) which was even
stronger in those patients with diabetes (HR 2.0).

In 2011, Zazpe et al. [47] evaluated incident ASCVD risk
in 14,185 individuals based upon egg consumption with a
median 6-year follow-up. There was no association between
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Table 1

Important studies discussed in state-of-the-art review

Author, year Study design

Sample size, population

Egg consumption

Findings

Observational studies

Qureshi et al. Observational
[45], 2007 cohort
Djousse and Observational
Gaziano [46], cohort
2008
Zazpeet al. [47], Observational
2011 cohort
Larsson et al. Observational
[48], 2015 cohort
Diez-Espino Observational
et al. [49], cohort
2017
Farvid et al. Observational
[50], 2017 cohort
Nakamura et al. Observational
[51],2018 cohort
Qinetal. [52]  Observational
cohort
Zhong et al. Observational
[53], 2019 cohort
Dehghan et al. ~ Observational
[54¢<], 2020 cohort
Xiaetal. [23],  Observational
2020 cohort

Meta-analyses

Rong et al. [55],
2013

Meta-analysis

Xu et al. [56],
2015

Meta-analysis

Alexander et al
[57], 2016

Meta-analysis

9734

First National Health and Nutrition
Examination Survey
(NHANES-I)

21,327

Physicians’ Health Study I

14,185
The SUN project

37,766, men (cohort of Swedish
men)

32,805, women (Swedish
Mammography Cohort)

Free of CVD at baseline

7216

PREDIMED (PREvencion con
Dleta MEDiterranea) study

High risk for ASCVD at baseline

42,403

Golestan Cohort Study in Iran

4686
Japanese women from NIPPON
DATA

461,213
China Kadoorie Biobank

29,615
6 prospective US cohorts

177,000

3 international cohorts: PURE,
ONTARGET, TRANSCEND
(including 50 different
countries)

37,121

National Health and Nutrition
Examination Survey 1999-2014

263,938; CHD

210,404; Stroke

8 separate prospective cohort
studies comprised of 17
independent reports

363,565; 9 prospective studies for
ischemic heart disease

436,088; 9 prospective studies for
stroke

853,974, 4 prospective studies for
mortality

276,000; 7 prospective studies for
stroke

308,000; 7 prospective studies for
CHD

3 groups:
< 1 egg/week or none, 1-6
eggs/week, > 6 eggs/week

5 groups:

< 1 egg/week, 1 egg/week, 2—4
eggs/week, 5-6 eggs/week, and
> 7 eggs/week

4 groups:

< legg/week or none, 1 egg/week,
2-4 eggs/week, > 4 eggs/week

4 groups:

0-3 eggs/month or none, 1-2
eggs/week, 3—6 eggs/week, >
legg/day

3 groups:
<2 eggs/week, 24 eggs/week, > 4
eggs/week

4 quartiles (median servings/day):

0, 0.06, 0.18, 0.48

5 groups:

< 1 egg/week, 1-2 eggs/week, 2
egg/day, 1 egg/day, >2
eggs/day

5 groups:

Daily, 4-6 days/week, 1-3
days/week, 1-3 days/month,
never/rare

Spectrum of consumption from 0
to 2.5 eggs/day

5 groups:

< 1 egg/week, 1 to < 3 eggs/week,
3 to < 5 eggs/week, 5to< 7
eggs/week, and > 7 eggs/week

3 groups:
< 0.5 egg/day, 0.5-1 egg/day, > 1
egg/day

Spectrum of egg consumption
analyzed: 0 to 25 eggs/week

High consumption: 7 + eggs/week
Low consumption: < 1 egg per
week

High consumption: ~ 1 egg/day
Low consumption: < 2 eggs/week

No associated ASCVD risk
Diabetics with increased CHD risk in
subgroup analysis (RR 2.0)

No associated ASCVD incidence

Mortality association in highest egg
consuming group (HR 1.23) which was
stronger in diabetics (2.01)

No associated ASCVD risk

No associated increased risk of ASCVD
Higher risk of HF in men (RR 1.3) in the
highest consuming group

No associated ASCVD risk

Associated lower all-cause mortality risk
in high consuming group

No associated increased cardiovascular
mortality

Increased total (HR 2.05) and
cancer-related (HR 3.2) mortality in the
highest consuming group

Lower risk of CVD seen in moderate
consuming (up to 1/day) groups

Each additional half-egg/day consumed
was associated with increased CVD
incidence and all-cause mortality

No associated ASCVD risk

No associated all-cause or heart disease
mortality

No association with egg consumption and
ASCVD

Subgroup analysis of high egg-consuming
diabetics with increased CHD risk and
reduced hemorrhagic stroke risk

Decreased risk of stroke in high

egg-consuming groups (HR 0.91)
No significant mortality associations
No significant CHD association

Decreased risk of stroke in high
egg-consuming group (RR 0.88)
No CHD risk association
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Table 1 (continued)

Author, year Study design  Sample size, population

Egg consumption

Findings

Mazidi et al.
[58], 2019

110,400
10 prospective cohort studies

Meta-analysis

Drouin-Chartier Meta-analysis 1,720,108

et al. [59], 28 observational studies included
2020
Krittanawong Meta-analysis 1,415,839
et al. [60], 23 prospective studies included
2020
Godos et al. Meta-analysis 1,831,038; CHD
[61],2020 761,962; stroke
254,588; heart failure
1,117,033; CVD outcomes
38 cohorts included
Takagi et al. Meta-analysis  1,285,5050
[62], 2020 16 studies

Spectrum of egg consumption

Spectrum of egg consumption: 1
egg/day increase

High consumption: > 1 egg/day
Low consumption: no or 1 egg/day Associated decrease risk of CHD in higher

Spectrum of egg consumption
separated by quartiles

No significant CHD-related or all-cause
mortality associations

Inverse association with egg intake and
stroke mortality

No associated CVD, CHD, or stroke risk
overall

Associated lower CHD risk seen in Asian
cohorts with increased egg
consumption (RR 0.92)

No overall increased risk of CVD

consuming group

Spectrum of egg consumption: 0-8 Inverse association with CVD incidence
servings of egg per week

or mortality in higher consuming
groups
No association with stroke risk

Significantly lower incidence of CHD
associated with increased egg
consumption (HR 0.93)

egg consumption and ASCVD incidence. Similarly, in a pro-
spective cohort study including 70,571 participants from two
separate cohorts composed of men and women free of CVD
(coronary heart disease (CHD), stroke, or HF) at baseline,
Larsson et al. [48] reported no relationship between egg con-
sumption and risk of myocardial infarction (MI) or stroke in
either cohort. Additionally, in a large Mediterranean cohort
study, Diez-Espino et al. [49] followed 7216 individuals con-
sidered to be at high risk of ASCVD at baseline. The investi-
gators found no association between cardiovascular events
and egg consumption.

Farvid et al. [50] conducted a large observational cohort
study which analyzed association between various dietary
protein intake and risk of all-cause, CVD, and cancer-related
mortality. Higher egg consumption was associated with lower
risk of all-cause mortality in this study. It is worth noting that
the median in the highest quartile was 0.48 servings of eggs
per day which is generally lower than high consuming groups
used in most other studies involving egg consumption.

Nakamura et al. [51] conducted an observational cohort
study of 4686 Japanese women which evaluated egg con-
sumption association with age-adjusted total cholesterol,
CVD risk, cancer-specific, and all-cause mortality. The lowest
consuming group consumed eggs less than once per week and
the highest group consumed two eggs or more per day. The
authors found no increased risk of CVD-related mortality.
There was however an increased total (HR 2.05) and cancer-
related (3.20) mortality when comparing the highest to the
lowest egg-consuming groups. Qin et al. [52] conducted a
large cohort study in China from the Kadoorie Biobank
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registry and found that a moderate associated reduced risk of
CVD was observed in moderate egg-consuming individuals
(up to 1 egg per day).

A recent large prospective study, which included 29,615
participants from 6 different US cohorts, analyzed self-
reported food intake over a 30-year period. The investigators
demonstrated that for each additional 300 mg per day of cho-
lesterol reported in the individuals’ diet, there was an associ-
ated higher risk of CVD incidence and all-cause mortality
(adjusted HR of 1.17 and 1.18, respectively) [53]. Similarly,
each additional half an egg per day that was consumed was
associated with increased CVD incidence and all-cause mor-
tality (adjusted HR of 1.06 and 1.08, respectively).

This was again observed by Dehghan et al. [S54+¢] who
conducted a study of 146,011 individuals from the
Prospective Urban Rural Epidemiology (PURE) study. The
authors excluded those with existing ASCVD and found that
in those who consumed 7 eggs per week or more, there was no
increased risk of blood lipid elevations, ASCVD, overall mor-
tality, or the primary composite outcome which included mor-
tality or major adverse cardiac events.

Xia PF et al. [63] conducted an observational study which
included 37,121 subjects from the National Health and
Nutrition Examination Survey 1999-2014 to explore the as-
sociation between egg consumption and mortality from all-
cause and heart disease. They did not find significant associ-
ation between egg consumption and all-cause or heart disease
mortality. However, there was a positive association between
increased dietary cholesterol and all-cause mortality when
levels reached 250 mg per day or more. An inverse association
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with all-cause mortality was seen in those consuming less than
250 mg of cholesterol per day. Finally, there was no associa-
tion between heart-specific mortality and dietary cholesterol
intake.

Finally, Drouin-Chartier et al. [64] recently conducted the
largest cohort analysis on egg consumption and CVD in the
USA. The authors statistically modeled the replacement of
one whole egg per day by one serving per day of another food
and found a higher risk of cardiovascular disease when eggs
were replaced with processed red meat (hazard ratio 1.15,
95% confidence interval 1.05 to 1.27), unprocessed red meat
(1.10, 1.02 to 1.18), or full fat milk (1.11, 1.03 to 1.20).
Statistical model replacement of one whole egg per day with
one daily serving of fish, poultry, legumes, nuts, whole or
refined grains, potatoes, reduced fat milk, cheese, or yogurt
was not associated with increased cardiovascular disease risk.

Overall, results should be interpreted carefully as the in-
cluded cohorts used multiple types of dietary assessment tools
which were not all the same. However, the investigators did
harmonize data prior to analysis and overall data supports that
higher egg consumption is not observed with higher cardio-
vascular disease risk.

A significant number of meta-analyses have been conduct-
ed on associations of egg consumption and CVD risk. In one
meta-analysis, the investigators analyzed 8 different prospec-
tive cohort studies examining the potential dose-response as-
sociation of egg consumption with ASCVD risk. The investi-
gators demonstrated that there was no higher risk of CHD or
stroke among those who consumed higher amounts of egg (up
to one per day) compared with low consumers [55]. These
findings are consistent with another meta-analysis published
which also found a slight reduction in stroke risk in high egg-
consuming individuals [56].

Another similar analysis included 7 prospective cohort
studies which looked specifically at egg consumption with
risk of ASCVD. Interestingly, the authors demonstrated a
statistically significant lower risk of stroke in the high
consuming group (approximately 1 egg per day) when
compared to the low consumers (less than 2 eggs per
week) with a summary relative risk estimate of 0.88
[57]. Furthermore, there was no significant association
with risk of CHD. In individuals who consumed > 7 eggs
per week, there was no increased risk of ischemic heart
disease, and a statistically significant lower stroke risk
was observed (HR 0.91).

Mazidi et al. [58] similarly performed a meta-analysis and
systematic review of prospective data regarding egg consump-
tion and associated with total mortality, CHD, and stroke mor-
tality. The analysis included 10 prospective studies and
110,400 individuals. The authors found no increased risk of
total or CHD-related mortality with egg consumption.
Furthermore, there was an inverse relationship between egg
consumption and stroke mortality.

Drouin-Chartier et al. [64] conducted a large recent meta-
analysis of 28 studies which included 1,720,108 participants
evaluating egg intake and ASCVD risk and found an inverse
relationship restricted to the Asian cohort only. This finding
provided novel insights on the explanations underlying this
observed discrepancy in previous analysis.

Krittanawong et al. [60] also found similar results in their
recent large meta-analysis and systematic review exploring
the association between egg consumption and ASCVD. The
authors included 23 studies including 1,415,839 participants.
The authors specifically compared individuals consuming no
or 1 egg/day to higher consuming individuals (i.e., more than
one egg/day). There was no increased risk of cardiovascular
events in the high consuming group. Furthermore, there was
an associated decreased risk of coronary artery disease in the
higher egg-consuming groups.

Finally, a very recent meta-analysis by Godos et al. [61]
included almost 2 million participants from 39 different pro-
spective studies pertaining to egg consumption and CVD risk
or mortality including CHD, stroke, and heart failure (HF).
The authors reported an inverse association with CVD inci-
dence or mortality in higher consuming (up to 6 eggs per
week) groups when compared to low consuming groups.
There was no association with egg consumption and stroke
specifically. With the exception of the stroke association, the
authors note that the evidence strength of the associations
observed was relatively low and ultimately future studies
would be needed to clarify the association.

In general, most observational studies, including several
meta-analyses, indicate that modest egg consumption is not
associated with overall ASCVD risk in otherwise healthy in-
dividuals. Regarding mortality, CVD-related mortality does
not seem to be positively associated with increased egg
consumption.

Atherosclerosis and Coronary Heart Disease

A number of studies have looked at the potential association
with egg consumption and coronary heart disease (CHD) or
atherosclerosis specifically. Nakamura et al. [65] conducted a
study with two separate cohorts with a total of 90,735 sub-
jects. The follow-up duration varied from 7 to 11 years de-
pending on which cohort was used. The researchers specifi-
cally aimed to evaluate the relationship between egg con-
sumption with CHD risk. The study participants were catego-
rized into 4 separate groups based upon egg consumption with
< 1 day per week or never as the lowest consuming group and
almost every day as the highest consuming group. The authors
found that higher egg consumption to almost daily was not
associated with a higher risk of CHD. The authors note that in
patients with hypercholesterolemia, egg consumption was
lower on average which suggest that participants may be
avoiding eggs due to their higher cholesterol content.
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Similarly, Haring et al. [66] conducted a prospective cohort
study including 12,066 individuals and evaluated the effects
of dietary protein consumption on total CHD risk. Eggs were
included as part of subgroup analysis. The median follow-up
in this study was 22 years. Food group analysis revealed that
among others, egg consumption was not significantly associ-
ated with CHD risk. This was true for up to one serving of
eggs per day.

In one unique study, Virtanen et al. [67] evaluated egg
consumption in 1032 men which delineated between those
with a €4 allele in the apolipoprotein E gene (ApoE4) as well.
The study analyzed incident CHD as well as carotid artery
intima-media thickness. Overall, egg or dietary cholesterol
intake was not associated with CHD risk in ApoE4 carriers
or non-carriers.

In another observational study which assessed atheroscle-
rotic burden in 382 subjects who consumed eggs, Chagas et al.
[68] demonstrated a decreased in Friesinger score among in-
dividuals who consumed more eggs. The Friesinger index
score is a measure of atherosclerotic coronary artery disease
which scores the three main coronary arteries with a total
range of 0—15 (15 being total occlusion of all three vessels).
Each vessel is scored from 0 to 5 depending on percentage
amount of stenosis seen (5 being total vessel occlusion) and
are added together for a final score. This decreased Friesinger
score association was present after multivariate analysis for
demographic factors as well. Similarly, in a study which used
a sub-cohort of 1429 subjects in the Northern Manhattan
Study, Goldberg et al. [69] analyzed dietary habits and carotid
artery media thickness (cIMT) in study participants. The in-
vestigators demonstrated an inverse relationship between
cIMT and egg consumption, and for every additional egg con-
sumed per week, the risk of plaque formation reduced by
11%. Virtanen et al. [67] also demonstrated no increased
cIMT with egg consumption. This trend was again confirmed
using coronary artery calcium (CAC) scores in 1848 subjects
from the National Heart, Lung, and Blood Institute Family
Heart Study by Robbins et al. [70]. There was no association
with CAC scores and egg consumption after adjusting for
multiple variables.

However, not all studies have been negative regarding egg
consumption and atherosclerosis or CHD risk. In one of the
largest studies of its kind, Choi et al. [71] conducted a cross-
sectional study including 23,417 asymptomatic adults without
CVD history. The authors developed a multivariable-adjusted
CAC score ratio and analyzed the association with egg con-
sumption using food frequency questionnaires at an initial
health screening evaluation. The authors found a higher
CAC score ratio in individuals consuming one egg per day.

In a large recent meta-analysis, Takagi et al. [62] analyzed
16 studies including 1,285,505 individuals to determine the
association between egg consumption and CHD incidence
and mortality. The authors found that there was an overall
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lower CHD incidence and mortality in individuals who con-
sumed increasing amounts of eggs similar to the findings of
Krittanawong et al. [60] mentioned previously.

Overall, there is increasing evidence that suggests egg con-
sumption is not associated with increased risk of CHD. In
healthy individuals, it seems that egg consumption alone does
not significantly increase the risk of CHD and moderate egg
consumption of up to once per day is acceptable.

Stroke

Given that stroke may be the initial presentation of ASCVD, a
many number of studies have evaluated the potential associa-
tion of stroke and egg consumption. Sauvaget et al. [72]
mailed a self-administered questionnaire pertaining to animal
product intake to participants of the Life Span Study in Japan.
This study included 40,349 individuals with more than 16
years of follow-up period. Result of this study showed that
eggs, dairy products, fish, and broiled fish were inversely
associated with risk of stroke. The composite HR was 0.8
(95%CI).

Bernstein et al. [73] conducted a study including 117,933
participants of two prospective cohorts and demonstrated an
increased stroke risk associated with red meat consumption.
The authors then used statistical models to predict the effects
of substituting various foods with red meat. The authors found
no association or risk difference when red meat was substitut-
ed with eggs.

Similarly, Abdollahi et al. [74] conducted a prospective
cohort study including 1950 men from the Kuopio Ischemic
Heart Disease Risk Factor Study. The cohort also included a
subset of participants with the apolipoprotein E (APOE) phe-
notype. Egg consumption was not associated with stroke re-
gardless of APOE carrier status.

Most recently, in the large cohort study by Drouin-Chartier
[64] mentioned previously, the authors found no association
with risk among those who consumed at least one egg per day
compared with those who consumed less than one egg per
month (0.99, 0.81 to 1.22 for stroke)

Tang et al. [19] conducted a large meta-analysis of 24 pro-
spective cohorts. Ultimately, there was no associated between
egg consumption and risk of stroke when comparing the lowest
and highest quartile consuming groups. A dose-response anal-
ysis demonstrated a J-shaped curve with egg consumption and
stroke risk; however, results were not statistically significant.
Interestingly, subgroup analysis revealed that egg consumption
was associated with reduced risk of stroke in Asia; however,
this was not observed in North American or European cohorts.

As mentioned previously, multiple meta-analyses [55-58,
61] have been conducted that explore the association between
stroke risk and egg consumption. Largely, there has been no
significant evidence that egg consumption increases stroke
risk. In fact, a number of meta-analyses have shown a decrease
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in stroke risk [56-58] with increased egg consumption con-
sistent with prior prospective observational data mentioned
above. In otherwise healthy individuals, egg consumption is
likely safe in moderate servings of up to one egg per day in
regard to stroke risk, and there may even be a reduction in
overall stroke risk in healthy individuals. This potential risk
reduction should be investigated with future clinical trials.

Heart Failure

Little evidence regarding egg consumption and heart failure
risk exists; however, here we discuss some important research
which may suggest egg consumption confers an increased risk
of heart failure and would be an important area of future
investigation.

Djousse and Gaziano [75¢] performed a second study using
the cohort of individuals from the Physicians’ Health Study to
investigate the association between egg consumption and HF
risk. The average follow-up time was 20.4 years. The investi-
gators found that in the group of individuals who consumed
eggs at least 7 times a week or more, there was a higher risk of
developing HF. Less frequent consumption of eggs (up to 6
times per week and less) did not have an associated increased
risk of HF.

Similarly, Nettleton et al. [76] demonstrated in an observa-
tional cohort including 14,153 adults which administered food
frequency questionnaires that in individuals who consumed
eggs, there was a higher HF incidence association (HR
1.23). Larsson et al. [48] also observed an increased HF risk
in men who consumed eggs at least once per day or more (RR
1.3). Finally, in the meta-analysis by Godos et al. [61] men-
tioned previously, the authors demonstrated that consuming
one egg per day was associated with a higher HF risk when
compared to non-consuming groups.

Existing data are limited and mostly observational which
raises concerns for residual confounding bias. Overall, egg
consumption may have important implications for individuals
at risk for or who have HF, but this hypothesis must be inves-
tigated with additional studies before any specific recommen-
dations are made with regard to egg consumption and HF.

ASCVD Risk in Individuals with Diabetes

Evidence on association between egg and diabetes is limited.
Some studies have indicated that individuals with diabetes
may have an increased CVD risk with increased egg con-
sumption. In the subgroup analysis by Qureshi et al. [45],
the authors found that among individuals with diabetes who
ate more than 6 eggs per week, there was a significantly in-
creased risk of CHD (RR 2.0).

As mentioned previously, Djousse and Gaziano [46] per-
formed an observational study using participants from the
Physicians’ Health Study. Interestingly, the mortality association

with egg consumption that the authors demonstrated was signif-
icantly stronger in those patients with diabetes (HR 2.0). In con-
trast, Larsson et al. [48] did not find any increased association
with egg consumption and ASCVD outcomes in individuals
with diabetes.

Although the potential association with egg consumption
and incident diabetes risk is beyond the scope of this review,
we note that a recent large study by Drouin-Chartier et al. [59]
was conducted to evaluate the association between the risk of
developing type 2 diabetes (an important risk factor for
ASCVD) and egg consumption. The study included an up-
dated meta-analysis of the topic as well as a separate observa-
tion study including over 200,000 individuals from 3 large US
prospective cohorts. The updated analysis included 16 cohort
studies (589,559 subjects). The author’s individual cohort
study did observe an increased risk of type 2 diabetes with
egg consumption; however, the meta-analysis found no such
association. Notably, there was an associated increased risk of
developing type 2 diabetes and egg consumption in US stud-
ies specifically; however, this is likely explained by differ-
ences in lifestyle and dietary habits in this cohort. This was
not seen among European or Asian studies.

As diabetes is an important independent risk factor for
ASCVD, this may confound the observed association of in-
creased ASCVD risk in these studies. Most evidence suggest-
ing increased ASCVD risk from egg consumption in patients
with diabetes is the result of secondary analysis and is largely
observational and hypothesis-generating. Future clinical trials
are needed to explore the effects of egg consumption in pa-
tients with diabetes.

Hypertension

The effects of egg consumption on blood pressure and hyper-
tension (HTN) risk are mixed. MacDonald et al. [77] conduct-
ed a prospective cohort study which included 46,424 French
women from the E3N cohort. HTN was a self-reported diag-
nosis and the authors found that increased egg and cholesterol
intake was associated with higher rates of HTN. However, it is
very difficult to attribute the specific effects of egg consump-
tion given the study design and inclusion of multiple food
groups.

An observational meta-analysis by Zhang et al. [78] includ-
ed 10 prospective cohort studies (351,819 individuals) evalu-
ated various food groups and associated HTN. In subgroup
analysis, 3 studies specifically included egg consumption and
the authors demonstrated that there was lower risk of HTN
with higher egg consumption. Wang et al. [79] conducted a
large meta-analysis including 8 RCTs which found that higher
egg consumption (> 4 whole eggs/week) was not associated
with differential effects on blood pressure or blood lipid levels
when compared to lower consuming groups (< 4 eggs/week).
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Finally, in a recent systematic review and meta-analysis by
Kolahdouz-Mohammadi et al. [80] that included 15 random-
ized controlled trials which included 748 participants, there
was no effect of egg consumption found on blood pressure.
Although evidence is limited, there does not seem to be a
significant link between HTN risk and egg consumption.

Limitations

There are several limitations which must be considered in our
review. First, there is significant heterogeneity among epide-
miologic studies which observe egg consumption and cardio-
vascular outcomes, and many confounders may be present
including region, lifestyle factors, and comorbidities, and oth-
er uncontrolled eating habits and factors can cause inconsis-
tencies in outcomes observed. Secondly, not all studies ac-
count for and control the various ways that eggs are prepared
and consumed such as fried, boiled, or combined with other
foods and this may introduce confounding effects. Finally, itis
difficult to eliminate various other forms of bias such as self-
recall bias, selection bias, and residual bias in observational
and epidemiologic studies, so results must be evaluated
carefully.

Future Directions

Future studies that evaluate egg consumption and CVD risk
would be important to perform in certain groups of individ-
uals. For example, more studies that explore the apparent dis-
crepancy in egg consumption and CVD risk in international
cohorts may help describe an observed reduction in stroke risk
seen in some populations that are not seen in the USA [64].
There is also very limited observational evidence regarding
egg consumption and heart failure risk or heart failure progres-
sion which is an area of ongoing interest and would be an
important area of future research. Finally, chronic kidney dis-
ease (CKD) is an important risk factor for ASCVD; however,
this has almost no data regarding egg consumption and CKD.
Thus, studies which looked at dietary patterns and outcomes
in these individuals would be an important area of future
analysis.

Conclusions

In comparison to other reviews, our findings discuss and in-
cluded the most current evidence to date regarding egg con-
sumption and CVD, which includes 3 large meta-analyses on
the topic within the past year. These most recent analyses as
well as the majority of epidemiologic data observed to date
provide evidence that moderate egg consumption of up to one
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egg per day in otherwise healthy individuals does not have an
observed association with increased CVD risk. Diet is all
about balance. Up to one egg per day seems safe and likely
beneficial through its nutrient density. Overall, eggs are a
nutritious stable food that can be consumed in moderation in
healthy individuals.
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