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Abstract

To identify prospective cohort studies enrolling adults and investigating an association of egg consumption with incidence and
mortality of coronary artery disease (CAD), PubMed and Web of Science were searched through June 2019. Adjusted hazard
ratios (HRs) of CAD incidence/mortality for more versus the least frequent egg consumption were extracted from each study.
Study-specific estimates were pooled in the random-effects model. Sixteen eligible studies with a total of | 285 505 participants
were identified and included in the present meta-analysis. The primary meta-analysis pooling all HRs for the most versus least
frequent egg consumption demonstrated that egg consumption was associated with significantly low CAD incidence/mortality
(pooled HR: 0.93; 95% confidence interval: 0.89-0.98; I* = 9%). In the secondary meta-analyses (separately combining HRs for the
third vs first tertile, the fourth vs first quartile, the third vs first quartile, the fifth vs first quintile, the fourth vs first quintile, and the
third vs first quintile egg consumption), the fifth (vs first) quintile egg consumption was only associated with significantly low CAD
incidence/mortality. In conclusion, egg consumption is independently associated with low incidence/mortality of CAD, which may

be derived from the comparisons of the fifth versus first quintile egg consumption.
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Introduction

The relation of egg consumption to incidence and mortality
of coronary artery disease (CAD, synonym of coronary
heart disease and ischemic heart disease including myocar-
dial infarction) has been insufficiently understood.’
Previous meta-analyses suggest that egg consumption may
not be associated with low cardiovascular disease (CVD)
mortality,l all-cause mortality,l'3 CAD incidence,>® and
CAD mortality.'” The potential association of dietary cho-
lesterol with cardiac outcomes has been investigated for
several decades.” Although eggs are rich in nutrition, their
cholesterol content is a concern.” However, a recent large
(>400 000 participants) prospective cohort study’ reported
a strong trend toward an association of fifth (vs first) quin-
tile egg consumption with low CAD incidence, and another
recent large (>460 000 participants) prospective cohort
study® showed significant associations of fifth/fourth/
third/second (vs first) quintile egg consumption with low
CAD incidence.

We hypothesized that egg consumption may be associated
with low incidence and mortality of CAD. To verify our
hypothesis, we performed an updated meta-analysis of cur-
rently available prospective cohort studies.

Methods

The present meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement (http://www.prisma-statement.org).

Search Strategy

PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) and Web of
Science (http://www.webofknowledge.com/wos) were
searched through June 2019. Search terms consisted of egg and
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myocardial infarction, angina, acute coronary syndrome, cor-
onary artery (arterial) disease, coronary heart disease, or
ischemic (ischaemic) heart disease (Supplementary Appendix).

Study Selection

Our study selection criteria were the following: The study
design was a prospective cohort study; the study population
was adults; and an association of egg consumption with inci-
dence/mortality of CAD was investigated. Eligible studies
were selected by 2 co-authors (Y.H. and K.N.) and then ver-
ified by another co-author (T.A.); disagreements were resolved
by consensus.

Quality Assessment

The quality of the studies was assessed using the Risk of Bias
Assessment Tool for Nonrandomized Studies,9 and risk of bias
was evaluated ranging low, high, and unclear in accordance
with 6 components (selection of participants, confounding vari-
ables, measurement of exposure, blinding of outcome assess-
ments, incomplete outcome data, and selective outcome
reporting).

Data Extraction

Adjusted hazard ratios (HRs) with their confidence interval
(CI) of CAD incidence/mortality for more versus the least fre-
quent egg consumption were extracted from each study. These
composed of HRs for the third/second versus first tertile fre-
quency, the fourth/third/second versus first quartile frequency,
and the fifth/fourth/third/second versus first quintile frequency
of egg consumption. Data including study quality, design, and
participants as well as the abovementioned HRs were identified
and extracted by 2 co-authors (Y.H. and K.N.), then confirmed
and saved in Microsoft Excel worksheets by another co-author
(T.K.), and used to generate tables.

Statistical Analysis

Study-specific estimates (HRs) were pooled in the random-
effects model (using inverse variance-weighted averages of
logarithmic HRs). The primary meta-analysis pooled all HRs
for the most versus least frequent egg consumption. These
consisted of HRs for the third versus first tertile frequency, the
fourth versus first quartile frequency, and the fifth versus first
quintile frequency. The secondary meta-analyses separately
([1]-[6]) combined the following HRs: HRs for [1] the third
versus first tertile frequency, [2] the fourth versus first quartile
frequency, [3] the third versus first quartile frequency, [4] the
fifth versus first quintile frequency, [5] the fourth versus first
quintile frequency, and [6] the third versus first quintile fre-
quency of egg consumption.

The following sensitivity analyses for the primary meta-
analysis were performed: sensitivity analysis I combining all
studies in the fixed-effect model, sensitivity analysis II com-
bining epidemiological observational studies (excluding rando-
mized controlled trials) in the random-effects model,

sensitivity analysis III combining studies reporting CAD inci-
dence (excluding studies reporting only CAD mortality) in the
random-effects model, sensitivity analysis IV combining stud-
ies enrolling general population in the random-effects model,
sensitivity analysis V combining studies enrolling >10 000
participants in the random-effects model, sensitivity analysis
VI combining studies enrolling participants aged mean >50
years in the random-effects model, and sensitivity analysis VII
combining HRs (excluding rate ratios) in the random-effects
model. Funnel plot asymmetry (inferring the existence of pub-
lication bias) for the primary meta-analysis was statistically
evaluated using the rank correlation and linear regression tests.
All analyses were conducted using Review Manager version
5.3 (http://tech.cochrane.org/revman) and ProMeta version 3.0
(https://idostatistics.com/prometa3/).

Results

Search Results and Qualitative Findings

As shown in Figure 1, 16 eligible studies'*"*°2! with a total

of 1 285 505 participants (Table 1) were identified and included
in the present meta-analysis. Only one study'® was a large (>20
000 participants) randomized, double-blind, placebo-
controlled trial to study low-dose aspirin and B-carotene for
the primary prevention of CVD and cancer, whereas the others
were epidemiological observational studies. Egg consumption
was categorized into tertiles in 5 studies,"'®'*! quartiles in 3
studies,'*'>'® and quintiles in 8 studies®”*'%'*!7 (Table 2).
The quality (risk of bias) of the studies was illustrated in
Figure 2.

Quantitative Findings

Extracted and calculated adjusted HRs were summarized in
Table 2. The primary meta-analysis pooling all HRs for the
most versus least frequent (the third vs first tertile, the fourth
vs first quartile, and the fifth vs first quintile) egg consumption
demonstrated that egg consumption was associated with signif-
icantly low CAD incidence (pooled HR: 0.93; 95% CI:
0.89-0.98; P = .006; I* = 9%; Figure 2). In the secondary
meta-analyses separately combining HRs for the third versus
first tertile, the fourth versus first quartile, the third versus first
quartile (Figure 3), the fifth versus first quintile, the fourth
versus first quintile, and the third versus first quintile egg con-
sumption (Figure 4), the fifth (vs first) quintile egg consump-
tion was only associated with significantly low CAD incidence
(pooled HR: 0.90; 95% CI: 0.86-0.94; P < .00001; P = 0%;
Figure 4).

Sensitivity Analyses

All the sensitivity analyses for the primary meta-analysis (sen-
sitivity analysis I in the fixed-effect model, sensitivity analysis
IT excluding 1 randomized controlled trial,' sensitivity analy-
sis III excluding studies reporting only CAD mortal-
ity,!+2:16:17:20 gensitivity analysis IV combining studies
enrolling general population,'-?7-8:11-13.15-21 gengitivity
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Figure 1. Flow diagram for the meta-analysis.

analysis V combining studies enrolling >10 000 partici-
pants, !> 7810:13-16.18.20 gopitivity analysis VI combining stud-
ies enrolling participants aged mean >50 years,>’-%10-13:17.18.21
and sensitivity analysis VII excluding 1 rate ratio'®) demon-
strated a still significant benefit of the most (vs least) frequent
egg consumption for CAD incidence (Table 3).

Publication Bias

Significant funnel plot asymmetry for the primary meta-analysis
was detected (P = .040 by the linear regression test despite P =
791 by the rank correlation test; Figure 5), which inferred the
existence of publication bias. Hence, another sensitivity analysis
was performed using the trim and fill method,** which conser-
vatively imputes hypothetical negative unpublished studies to
mirror the positive identified published studies causing funnel
plot asymmetry. The imputed hypothetical studies synthesized
symmetrical funnel plot, and the integrating both the identified
published and hypothetical unpublished studies continued to

demonstrate an association of egg consumption with signifi-
cantly low CAD incidence (pooled HR: 0.93; 95%
CI: 0.87-1.00 [0.996]; P = .038; Figure 5).

Discussion

The present meta-analysis of 16 prospective cohort studies with
>1 280 000 participants suggests that egg consumption is inde-
pendently associated with low CAD incidence (including mor-
tality), which was robust in sensitivity analyses and after
adjustment of publication bias. The association may be derived
from the comparisons of the fifth versus first quintile egg con-
sumption. Statistical heterogeneity, which indicates that effects
of egg consumption are more different from each other than
expected random error alone, was not identified in the primary
meta-analysis (I = 9%) and the secondary meta-analysis for
the fifth versus first quintile egg consumption (P = 0%).
Although eggs are a major dietary source of cholesterol, the
quantity of egg consumption may not affect CVD risk factors
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Figure 2. Primary meta-analysis pooling all hazard ratios for the most versus least frequent (the third vs first tertile, the fourth vs first quartile,
and the fifth vs first quintile) egg consumption. + indicates low risk of bias;?, unclear risk of bias; —, high risk of bias; Cl, confidence interval; HPFS,
Health Professionals Follow-up Study; IV, inverse variance; NHS, Nurses’ Health Study; SMC, Swedish Mammography Cohort.
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Figure 3. Secondary meta-analyses separately combining hazard ratios for the third versus first tertile, the fourth versus first quartile, and the
third versus first quartile egg consumption. Cl indicates confidence interval; HPFS, Health Professionals Follow-up Study; IV, inverse variance;
NHS, Nurses’ Health Study; SMC, Swedish Mammography Cohort.
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Figure 4. Secondary meta-analyses separately combining hazard ratios for the fifth versus first quintile, the fourth versus first quintile, and the
third versus first quintile egg consumption. Cl indicates confidence interval; IV, inverse variance.

such as blood pressure, lipids, and lipoproteins. A meta-analy-
sis?® of 8 randomized controlled trials reported no difference in
changes of systolic/diastolic blood pressure, and triglyceride,
total cholesterol, and high-/low-density lipoprotein cholesterol
concentrations between >4 and <4 whole egg/week consump-
tion. Furthermore, another meta-analysis®* of 36 studies (17
cohorts and 19 trials) showed that dietary cholesterol was asso-
ciated with increased serum high-density lipoprotein concentra-
tions (pooled mean difference for 650-900 mg/d, 2.7 mg/dL;
95% CI: 0.7-4.7 mg/dL) despite associations with increased
serum total cholesterol and low-density lipoprotein concentra-
tions. Egg components other than cholesterol may favorably
influence risk of CVD.?>?° Dietary supplementation of egg yolk
increases plasma carotenoids such as lutein and zeaxanthin,®
which are related to low risk of atherosclerosis via their antiox-
idant and anti-inflammatory effects.”® The bioavailability of
lutein from lutein-enriched eggs is greater compared to that from
lutein supplements, lutein ester supplements, and spinach,?’ and

cooked whole egg consumption is efficacious to augment
absorption of lutein and zeaxanthin from other carotenoid-rich
foods such as a raw mixed-vegetable salad.”® Egg phospholipid
consumption is also associated with beneficial impacts on path-
ways in relation to cholesterol metabolism and high-density
lipoprotein function.>” Moreover, egg consumption for breakfast
induces greater satiety, suppresses postprandial glycemic, insu-
linemic, and ghrelin responses and decreases succeeding food/
energy intake.>*' The abovementioned findings may partially
explain the association of egg consumption with low CAD inci-
dence demonstrated in the present meta-analysis.

Egg consumption may be associated with low stroke mor-
tality. In a meta-analysis of 5 studies, Mazidi et al' reported
that egg consumption was associated with significantly low
stroke mortality (pooled HR: 0.72; 95% CI: 0.54-0.91; P =
.026). However, an association of egg consumption with stroke
incidence has been still controversial.>* In their meta-analysis
of 9 studies, Xu et al®> showed an association of egg
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Table 3. Sensitivity Analyses of the Primary Meta-Analysis.?

Primary Sensitivity Analysis
Meta-
Study Reference  Analysis | Il 1] v \% VI \ll
Djoussé 2008 10 V4 Vv Excluded Vv Excluded V4 Vv Vv
Goldberg 2014 I Vv Vv Vv Vv Vv Excluded Vv Vv
Guo 2018 12 Vv Vv N4 N4 Vv Excluded N4 N4
Haring 2014 13 Vv Vv Vv Vv Vv Vv Vv Vv
Hu 1999, HPFS 14 Vv Vv Vv Vv Excluded V4 Vv N4
Hu 1999, NHS 14 v v V N Excluded v Excluded N
Key 2019 7 v v v v v v v v
Larsson 2015, 15 V4 Vv N4 N4 Vv V4 Vv N4
Swedish Men
Larsson 2015, SMC 15 Vv Vv Vv N4 V4 Vv
Mann 1997 16 Vv Vv Vv Excluded  Excluded Vv Excluded  Excluded
Mazidi 2019 | vV Vv Vv Excluded v vV Excluded Vv
Nakamura 2004 17 Vv Vv N4 Excluded v Excluded Vv Vv
Nakamura 2006 18 Vv Vv Vv v Vv Vv Vv v
Qin 2018 8 v v v v v N v v
Qureshi 2007 19 Vv Vv Vv Vv Vv Excluded  Excluded Vv
Scrafford 201 | 20 Vv Vv Vv Excluded vV Excluded Vv
Virtanen 2016 21 V4 Vv Vv Vv Vv Excluded V4 Vv
Xu 2019 2 Vv Vv Vv Excluded Vv Vv Vv vV
Pooled HR (95% ClI) 0.93 (0.89- 0.92 (0.88- 0.94 (0.89- 0.9l (0.88- 0.92 (0.88- 0.92 (0.87- 0.91 (0.87- 0.92 (0.88-
0.98) 0.95) 0.99) 0.95) 0.95) 0.96) 0.94) 0.95)

P value .006 <.00001 .03 <.00001 <.0001 .0002 <.00001 <.00001

Abbreviations: 1/, included; Cl, confidence interval; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; NHS, Nurses’ Health Study; SMC, Swedish

Mammography Cohort.

?Primary meta-analysis combined all studies in the random-effects model. Sensitivity analysis | combined all studies in the fixed-effect model. Sensitivity analysis Il
combined prospective cohort studies (excluding one randomized controlled trial) in the random-effects model. Sensitivity analysis |l combined studies reporting
CAD incidence (excluding studies reporting only CAD mortality) in the random-effects model. Sensitivity analysis IV combined studies enrolling general
population in the random-effects model. Sensitivity analysis V combined studies enrolling >10 000 participants in the random-effects model. Sensitivity analysis
VI combined studies enrolling participants aged mean >50 years in the random-effects model. Sensitivity analysis VIl combined HRs (excluding one rate ratio) in
the random-effects model.

000 consumption with significantly low stroke incidence (pooled

¢ HR: 0.91; 95% CI: 0.85-0.98). However, in their meta-analysis

- \ of 8 studies, Bechthold et al* reported that egg consumption

oP° was not associated with low stroke incidence (pooled relative

f [ o 2 risk, 0.99; 95% CI: 0.93-1.05; P = .65). Further investigations
oo / % \ are required.

E i 9 The present findings should be interpreted with caution

e F owing to the following limitations. Notable qualitative hetero-

E 2 geneity was identified among the studies included in the pres-

R 0% ent meta-analysis (Table 1). Cautious and respective

. ° o elimination of ununiform studies in the sensitivity analyses,

045 ° \ however, verified the association of egg consumption with low

= CAD incidence demonstrated in the primary meta-analysis.

T < S The statistical evaluation of the funnel plot revealed significant

EFFECT SIZE asymmetry (inferring the existence of publication bias), which

suggests that the present results may be influenced by publica-

Figure 5. Funnel plot of the logarithm of effect size (hazard ratio)  tion bias. Adjustment for the asymmetry using the trim and fill

versus the standard error for the primary meta-analysis. Open and method,22 however, ascertained the results of the primary

closed circles denote identified published and hypothetical unpub-

lished studies, respectively. An open and closed lozenge denotes, . L. .
: . . . - In conclusion, egg consumption is independently associated
respectively, an unadjusted summary estimate exclusively combining

the identified published studies and an adjusted summary estimate With low CAD incidencel(including mortality), which may be
integrating both the identified published and hypothetical unpublished derived from the comparisons of the fifth versus first quintile

studies. egg consumption.

meta-analysis.
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