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Objectives: To assess the dose—response relationship between egg consumption and the risk of cardio-
vascular diseases (CVD) and diabetes.

Methods: We systematically searched MEDLINE database through December 2012. Fixed- or random-
effects model was used to pool the relative risks (RRs) and their 95% confidence intervals (CIs). Sub-
group analyses was performed to explore the potential sources of heterogeneity. Weighted linear
regression model was used to estimate the dose—response relationship.

Results: Fourteen studies involving 320,778 subjects were included. The pooled RRs of the risk of CVD,
CVD for separated diabetes patients, and diabetes for the highest vs lowest egg intake were 1.19 (95% CI
1.02—1.38), 1.83 (95% CI 1.42—2.37), 1.68 (95% CI 1.41—-2.00), respectively. For each 4/week increment in
egg intake, the RRs of the risk for CVD, CVD for separated diabetes patients, diabetes was 1.06 (95% CI
1.03—1.10), 1.40 (95% CI 1.25—1.57), 1.29 (95% CI 1.21—1.37), respectively. Subgroup analyses showed that
population in other western countries have increased CVD than ones in USA (RR 2.00, 95% CI 1.14 to 3.51
vs 1.13, 95% CI 0.98 to 1.30, P = 0.02 for subgroup difference).

Conclusions: Our study suggests that there is a dose—response positive association between egg con-

sumption and the risk of CVD and diabetes.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Egg is one of the most common, available, and inexpensive food in
our daily life. Egg serves as the major source of dietary cholesterol,
containing 213 mg cholesterol per egg [1,2]. Evidence from animal
and human metabolic studies have found that dietary cholesterol
from egg could raise serum levels of low density lipoprotein
cholesterol (LDL-C), a well-established independent risk factor for
cardiometabolic diseases including cardiovascular diseases (CVD)
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and diabetes [3—6]. The main effect of dietary cholesterol is not on
fasting lipids, but on the post-prandial state [7]. Dietary cholesterol
increases postprandial inflammation and oxidative stress, and im-
pairs endothelial function [8,9]. Furthermore, lecithin (approxi-
mately 250 mg in a large egg yolk) is converted by intestinal bacteria
to trimethylamine, in turn oxidized by the liver to trimethylamine
oxide, which is pro-atherosclerotic [10,11]. On the other hand, egg
also provides other essential nutrients including high-quality pro-
teins, unsaturated fat, folate, and various vitamins, which are regar-
ded as the protective factors for health status [1,2]. Partly owing to
the multifacet effect of egg intake, current international dietary
guidelines are conflicted in recommending or limiting egg con-
sumption for prevention of cardiometabolic diseases. For example,
guidelines from American Heart Association (AHA) and the National
Cholesterol Education Program (NCEP) Adult Treatment Panel Il
advice healthy adults limit dietary cholesterol intake less than
300 mg each day and egg intake [12—14]. However, several other
guidelines have yielded different points, ranging from no restriction
to recommend regular intakes of egg [15,16].
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The controversy among the dietary guidelines maybe directly
derived from inconsistent results of epidemiologic studies about
the relationship of egg consumption and cardiometabolic diseases.
Some observational studies have reported that frequent egg con-
sumption was associated with high risk of CVD or diabetes [17—27],
while others have found null disease-specific association [1,28—34].
Given the mixed results among the studies, a systematic review and
meta-analysis will help to clarify this issue. The purpose of this
meta-analysis was to provide quantitative assessment of relation-
ship between egg consumption and the risk of CVD and diabetes.
Furthermore, we tried to quantify the dose—response relationship
as well as to explore the potential modifiable factors.

2. Materials and methods

We performed this meta-analysis according to the MOOSE
(Meta-Analysis of Observational Studies in Epidemiology) guide-
lines [35].

2.1. Search strategy

We searched MEDLINE (from 1930 to Dec 2012), reviews and
relevant articles. The keywords used in the search were “egg or egg
consumption or diet cholesterol” paired with “CVD or diabetes or
mortality or coronary heart disease or heart failure”. No language
restriction was applied.

2.2. Outcomes and study selection

One outcome was risk of CVD which included coronary heart
disease, ischaemic heart disease, or heart failure. The other
outcome was the risk of diabetes. Both of the outcomes were
defined by each individual study.

Inclusion criteria for retrieved studies were: (1) cohort, case—
control or cross-sectional design; (2) provided at least one of the
pre-mentioned outcomes; (3) provided the multi-variable adjusted
relative risk (RR) and their 95% confidence intervals (CIs); (4)
considered the lowest category of egg consumption as the referent
group and other categories as exposed group; (5) studies were not
performed in special population such as pregnant women.

2.3. Data extraction

Data were extracted by two independent author (Y.L. and C.Z.).
Discrepancies were resolved by group discussion. The extracted
data included source of study (author, publication year, country),
population characteristics (including mean age, male proportion,
number of subjects and cases), study design, follow-up term,
category of egg intake, methods for measuring egg consumption,
adjusted covariates, the outcomes, RRs and their 95% Cls. For each
category, we extracted the most fully adjusted RR.

2.4. Data synthesis and analysis

We pooled the RRs and their 95% Cls from the highest versus
lowest category of egg consumption in each study. We primarily
used the fixed-effects model weighted by inverse variance. If there
was significant heterogeneity, we would report it and use the
random-effects model [36]. The heterogeneity was assessed by Q
statistic, I-squared and P value (P < 0.1 was considered to be sta-
tistically significant) [37]. Subgroup analysis was conducted to
explore the potential sources of heterogeneity by specified study
characteristics including follow-up term, gender, study design and
area. The weighted liner regression model was used to explore the
dose—response relationship between egg consumption and the

outcomes of interest [38]. The average intake of egg in each cate-
gory which estimated by mean of the lower and upper bound. If the
highest category of egg intake had an open upper boundary, mean
egg intake was estimated to be 1.2 times the lower boundary [38].

Publication bias was assessed by Begg’'s funnel plot and Egg’s
regression asymmetry [39]. Two sided P value < 0.05 was consid-
ered to be significant, except where otherwise specified. All data
analysis were performed by STATA software (10.0 version, Stata-
Corporation, TX, USA).

3. Results
3.1. Search results

We identified 4198 articles by database and manual searching.
We further excluded nonrelevant 4168 ones. Thirty potential articles
were selected for detailed evaluations. Sixteen articles were excluded
for the following reasons: reviews (n = 3), not relevant to the out-
comes of interest (n = 8), performed in pregnant women (n = 1),
without providing the multi-variable adjusted RR (n = 2), without
providing the lowest category of egg intake as the referent (n = 2)
(Fig. 1). Therefore, fourteen studies involved 320 778 subjects were
included in our meta-analysis [1,17—25,31—34]. Because five studies
separately reported the results about male and female
[1,22,24,32,33], nineteen independent studies were included. Among
them, twelve reported the risk of CVD [1,17—21,23,31,33,34], six re-
ported the risk of CVD in separated diabetes patients [1,20,23,31,33],
and seven reported the risk of diabetes [22,24,25,32].

3.2. Study characteristics

The main characteristics of all included trials were listed in
Table 1. The sample size ranged from 488 to 117,943. Study design
types were as follows: prospective cohort studies (n = 11)
[1,1719-23,31-34] case—control study (n = 1) [25], cross-
sectional studies (n = 2) [18,24]. Studies were conducted in USA
(n = 10) [1,19—-23,31-33], other western countries (n = 4)
[17,18,25,34], and China (n = 1) [24]. The mean age ranged from
33.4y to 74.5y. The follow-up term varied from 6.1y to 20y in
prospective studies. Egg intake in each individual study was
classified into 2 to 6 categories.

4198 Articles identified through databases searches

—tl 4168 exluded based on abstract and titles

30 Potential articles for detailed evaluations |

3 Reviews
8 Not relevant to the outcomes of interest

1 Performed in pregnant women

2 Not providing multi-variable adjusted RRs

2 Not providing the lowest category of egg
intake as the referent

14 Articles included in the meta-analysis of egg consumption
and the risk of cardiovascular diseases and diabetes

Fig. 1. Flow chart of the trial selection process. RR: relative risk.
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Table 1
Characteristics of included studies.

Study Year Country Study design Men % Mean age Follow-up term y No. of subjects No. of cases Outcome assessments
Mann et al. [17] 1997 New Zealand Cohort 38 334 133 10,802 525 ICD codes 410-414
Hu et al. (M) [1] 1999 USA Cohort 100 533 8 37,851 866 Medical record
Hu et al. (F) [1] 1999 USA Cohort 0 45.9 14 80,082 939 Medical record
Qureshi et al. [31] 2007 USA Cohort 38.7 49.2 20 9734 1239 ICD codes 9
Burke et al. [18] 2007 Australia Cross-sectional 50.8 NA 488 130 Medical records, ICD codes 9, 10, 410-414, 427, 428
Djousse et al. [19] 2008 USA Cohort 100 53.7 204 21,275 1084 Medical record
Djousse et al. [20] 2008 USA Cohort 100 53.7 204 21,327 8071 The Endpoint Committee of the PHS
Nerrleton et al. [21] 2008 USA Cohort 45.5 54.2 133 14,153 1140 ICD-9 (codes 428 and 150, ICD-10
Scrafford et al. (M) [33] 2011 USA Cohort 100 421 8.8 6833 261 ICD codes 120-125; 160-69
Scrafford et al. (F) [33] 2011 USA Cohort 0 42 8.9 8113 142 ICD codes 120-125; 160-69
Zazpe et al. [34] 2011 Spain Cohort 40.9 384 6.1 14,185 91 Medical record
Houston et al. [23] 2011 USA Cohort 45.5 74.5 9 1941 203 Medical record
Djousse et al. (M) [22] 2009 USA Cohort 100 53.5 20 20,703 1921 Self-report or medical record
Djousse et al. (F) [22] 2009 USA Cohort 0 54.5 11.7 36,295 2112 Self-report or medical record
Djousse et al. (M) [32] 2010 USA Cohort 42.8 73.2 113 1668 142 Medical record
Djousse et al. (F) [32] 2010 USA Cohort 57.2 721 113 2230 161 Medical record
Shi et al. (M) [24] 2011 China Cross-sectional 100 47 1308 39 Fasting plasma glucose >7.0 mmol/L
Shi et al. (F) [24] 2011 China Cross-sectional 0 47 1541 40 Fasting plasma glucose >7.0 mmol/L
Radzeviciene et al. [25] 2012 Lithuania Case-control 28.2 64.7 702 234 WHO criteria
Study Outcome Exposure assessments No. of categories Adjusted variables
Mann et al. [17] All-cause mortality; IHD Semiquantitative FFQ <1/w; 1-5/w; >6/w Age, sex, smoking, social class
Hu et al. (M) [1] CHD, stroke, Diet questionnaire <1/w; 1/w; 2—4fw; 5—6/w; >1/d Age, sex, smoking, BMI, parental history of MI, multivitamin supplement,
hypertension, physical activity, menopausal statas
Hu et al. (F) [1] CHD, stroke, Diet questionnaire <1/w; 1/w; 2—4/w; 5—6/w; >1/d Age, sex, smoking, BMI, parental history of MI, multivitamin supplement,
hypertension, physical activity, menopausal statas
Qureshi et al. [31] [HD; stroke; all-cause mortality; Diet questionnaire <1/w; 1-6/w; >6/w Age, sex, serum cholesterol, hypertension, waist girth
Burke et al. [18] CHD, Interviewer administered <8/m; >8/m Age, sex, race, DM, serum cholesterol, smoking, hypertension, BMI,
questionnaire educational status
Djousse et al. [19] HF Semiquantitative FFQ Rarely; 1-3/m; 1/w; 2—4/w; 5—6/w; 1/d; 2+/d Age, BMI, smoking, alcohol consumption; DM, AF, hypertension, physical activity;
history of valvular disease and treatment of cholesterol
Djousse et al. [20] All-cause mortality; MI; stroke; Semiquantitative FFQ Rarely; 1-3/m; 1/w; 2—4/w; 5—6/w; 1/d; 2+/d Age, BMI, smoking, alcohol consumption; DM, AF, hypertension, physical activity,
history of valvular disease and treatment of cholesterol
Nerrleton et al. [21] HF Interviewer administered <1/d, 1/d Age, race, education, BMI, physical activity, energy, smoking, alcohol, fiber, sodium,
questionnaire meat, fruit consumption, baseline history of disease
Scrafford et al. (M) [33] CHD mortality; stroke mortality; Semiquantitative FFQ <1/w; 1-6/w; >6/w Age, energy, marital status, race/ethnicity, smoking, BMI, WHR, DM, hypertension,
dietary variables
Scrafford et al. (F) [33] CHD mortality, stroke mortality; Semiquantitative FFQ <1/w; 1-6/w; > 6/w Age, energy, marital status, race/ethnicity, smoking, BMI, WHR, DM, hypertension,
dietary variables
Zazpe et al. [34] CVD Semiquantitative FFQ <1/w; 1/w 2—4|w; 5+/w Age, sex, energy, alcohol, smoking, BMI, DM, hypertension, physical activity,
adherence to Mediterranean food pattern; hyperlipidemia, family history of CVD
Houston et al. [23] CVD Interviewer administered <1/w; 1-2/w; > 3/w Age, sex, race, energy, education, field center, smoking, alcohol, physical activity,
questionnaire BMI, multivitamin, aspirin, or statin, oral estrogen use, DM, hypertension, fiber,
protein, or saturated fat intake
Djousse et al. (M) [22] DM Semiquantitative FFQ Rarely; <1w; 1/w; 2—4/w; 5—-6/w; >1/d Age, smoking, alcohol, physical activity, BMI, DM, hypertension, hyperlipidemia
Djousse et al. (F) [22] DM Semiquantitative FFQ Rarely; <1w; 1/w; 2—4/w; 5—6/w; >1/d Age, smoking, alcohol, physical activity, BMI, family history of DM, hypertension,

hyperlipidemia, red meat intake, energy, fruits and vegetables, saturated fatty acids,
trans fatty acids, polyunsaturated fatty acids

Djousse et al. (F) [32] DM Picture-sort FFQ Never; <1/mon; 1-3/mo; 1-4/w; 1/d Age, race, field center, BMI, physical activity, energy, smoking, alcohol, fiber intake
Djousse et al. (F) [32] DM Picture-sort FFQ Never; <1/mon; 1-3/mon; 1—-4/w; 1/d Age, race, field center, BMI, physical activity, energy, smoking, alcohol, fiber intake
Shi et al. (M) [24] DM FFQ <2/w; 2—6/w; >1/d Age, energy, education, BMI, sedentary activity, smoking, family history of DM

Shi et al. (F) [24] DM FFQ <2|w; 2—6/w; >1/d Age, energy, education, BMI, sedentary activity, smoking, family history of DM
Radzeviciene et al. [25] DM FFQ <1/w; 1-1.9/w; 2—-2.9/w; 3—4.9/w; >5/w Education, BMI, morning exercise, smoking, family history of DM, plasma TAG level

AF: atrial fibrillation; BMI: body mass index; CHD: coronary heart disease; CVD: cardiovascular disease; DM: diabetes mellitus; F: female; FFQ: food frequency questionnaire; ICD: international classification of diseases; IHD:
ischaemic heart disease; M: male; WHO: world health organization; WHR: waist-hip ratio.
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3.3. Egg consumption and risk of CVD

First, compared with the lowest category, high egg consumption
was associated with increased risk of CVD (12 studies, 226,784
participants, 6592 cases, RR 1.19, 95% CI 1.02 to 1.38, P = 0.001; chi-
squared = 24.13, I-squared 54.4%, P for heterogeneity = 0.012;
Fig. 2A). The trend seemed more obvious in separated diabetes
patients (6 studies, RR 1.83, 95% CI 1.42 to 2.37, P = 0.000, chi-
squared = 5.86, I-squared 14.7%, P for heterogeneity = 0.32;

A Risk of CVD

Study %
D RR (95% CI) Weight

| & 268(1.19,6.02)3.05
Hu et al(M) (1) (1899) —=— 1.08(0.79, 1.48) 10.94

Hu et al(F) (1) (1999) —Q—I‘: 0.82(0.60, 1.13) 10.85

Qureshi et al (31) (2007) - 1.10(0.90, 1.30) 15.62

Mann et al (17) (1897)

Burke et al (18) (2007) ———%———> 259(1.11,6.04) 2.83
Djousse et al (19) (2008) —'—0— 1.64 (1.08, 2.49) 8.09
Diousse et al (20) (2008) = 0.90 (0.72, 1.14) 13.67
Nerrleton et al (21) (2008) - 1.23(1.08, 1.41) 17.47
Scrafford et al(M) (33) (2011) — e 1.13(0.61, 2.11) 4.70
Scrafford et al(F) (33) (2011) - 0.92(0.27,3.11) 1.47
Zazpe et al (34) (2011) ——— 1.10 (0.46, 2.63) 2.69
Houston et al (23) (2011) e 1.68 (1.12, 2.51) 8.43
Overall (I-squared = 54.4%, p = 0.012) K> 1.19 (1.02, 1.38) 100.00
NOTE: Weights are from random effects analysis
T T
5 1 15
B Risk of CVD in separated DM patients
Study %
D RR(95% CI)  Weight
Hu et al(F) (1) (1999) & 1.49 (0.88, 2.52) 23.84
Hu et al(M) (1) (1999) —0— 2.02 (1.05, 3.87) 15.51
Qureshi et al (31) (2007) Loe 1.90 (1.00, 3.50) 16.82
Djousse et al (21) (2008) —— 2.01 (1.26,3.20) 30.38

— 4

Scrafford et al (33) (2011) T 0.97 (0.40,2.39) 8.26
Houston et al (23) (2011) % 5.02 (1.63, 15.52) 5.20
Overall (l-squared = 14.7%, p = 0.320) <> 1.83 (1.42, 2.37) 100.00
T T
5 115
C Risk of Diabetes
Study %
o] RR (95% CI)  Weight
Djousse et al (M) (22) (2009) —0— 1.58 (1.25, 2.01)54.59
Djousse et al (F) (22) (2009) —If— 1.77 (1.28, 2.43)29.97
Djousse et al (M) (32) (2010) 74‘% 1.81(0.77, 4.22)4.26

Djousse et al (F) (32) (20t6y——¢——71— :
Shi et al (M) (24) (2011) ] I

0.38 (0.10, 1.37)1.80

2.01(0.73, 5.55)2.99

Shi et al (F) (24) (2011) 2,00 (1.08, 7.84)3.13

Radzeviciene et al (25) (2012) 3.02(1.14,7.98)3.25

Overall (l-squared = 25.2%, p = 0.236) @ 1,68 (1.41, 2.00)100.00

5 1 15

Fig. 2. High egg consumption and risk of CVD and diabetes. Meta-analysis of the
highest vs lowest category egg consumption for (A) Risk of CVD; (B) Risk of CVD in
separated diabetes patients; (C) Risk of diabetes; CI: confidence interval; CVD: car-
diovascular diseases; RR: relative risk.

Fig. 2B). Second, subgroup analyses indicated that the association
between egg consumption and risk of CVD was not modified by
gender, duration of follow-up and study design. We found that the
positive association was more evident in populations of other
western countries than in the ones of USA (RR 2.00, 95% CI 1.14 to
3.51 VS 1.13, 95% C1 0.98 to 1.30; P = 0.02 for subgroup difference).
In separated diabetes patients, the relationship between egg intake
and the risk of CVD was not modified by gender and duration of
follow-up (Table 2). Third, the dose—response analyses showed
that, for each 4/week increment in egg intake, the pooled RRs was
1.06 (95% CI 1.03 to 1.10; P = 0.001) for risk of CVD in all subjects
(Fig. 3A) and 1.40 (95% CI 1.25 to 1.57; P = 0.000) for risk of CVD in
separated diabetes patients (Fig. 3B). Finally, no evidence of sig-
nificant publication bias was observed in generally symmetrical
funnel plot for the studies which reported the risk of CVD. The
result was also confirmed by Begg’s adjusted rank correlation test
(P = 0.27) and Egger’s regression asymmetry test (P = 0.64).

3.4. Egg consumption and risk of diabetes

First, compared with the lowest category, high egg consumption
was associated with increased risk of diabetes (7 studies, 64 447
participants, 4649 cases, RR 1.68, 95% CI 1.41 to 2.00, P = 0.000, chi-
squared = 8.02, I-squared 25.2%, P for heterogeneity = 0.236;
Fig. 2C). Second, subgroup analyses indicated that the association
between egg intake and risk of diabetes was not modified by
gender, follow-up term, area and study design (Table 2). Third, the
dose—response analysis showed that, for each 4/week increment in
egg intake, the pooled RRs was 1.29 (95% CI 1.21 to 1.37; P = 0.000)
(Fig. 3C). Finally, there was no evidence of significant publication
bias which confirmed by Begg’'s adjusted rank correlation test
(P = 0.88) and Egger’s regression asymmetry test (P = 0.054).

4. Discussion

To the best of our knowledge, this is the first meta-analysis
which systematically reviewed the association between egg con-
sumption and the risk of CVD and diabetes. In this meta-analysis of
14 studies involving 320 778 subjects, we found a positive associ-
ation between egg consumption and the risk of CVD (the trend
seemed to be more obvious in separated diabetes patients) and
diabetes. Furthermore, the dose—response analyses was evident.
An increment of 4/week of egg intake could possibly increase risk of
CVD by 6% (40% in separated diabetes patients) and diabetes by
29%. In addition, the positive association between egg consumption
and the risk of CVD was more apparent in the populations of other
western countries than the ones in USA.

Previous data from literature about the relationship between
egg consumption and the cardiometabolic diseases inconsistent.
We combined all available studies and found the positive associa-
tion between egg consumption and risk of CVD and diabetes. Our
findings supported the AHA dietary guidelines which advice
restricted egg consumption in adults for preventing car-
diometabolic diseases [12—14]. Especially, the dose—response an-
alyses revealed a linear association between egg intake and the risk
of CVD and diabetes, strengthening the statistic power. CVD is the
leading cause of mortality and morbidity globally and diabetes has
been highlighted for its rising incidence and prevalence [40,41].
Therefore, it was helpful to identify the modifiable factors for dis-
ease prevention. All of the included studies in the present meta-
analysis had controlled for numerous factors that related to the
risk of cardiometabolic diseases, including age, gender, race,
physical activity, smoking, alcohol use, hypertension, hyperlipid-
emia, body mass index or family history. We used the most fully

(2013), http://dx.doi.org/10.1016/j.atherosclerosis.2013.04.003
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Fig. 3. Dose—response Relationship for egg consumption and risk of CVD, and dia-
betes. Dose—response relationship of egg intake for (A) Risk of CVD; (B) Risk of CVD in
separated diabetes patients; (C) Risk of diabetes. Each black small circle indicates logRR
for each category of egg intake which is proportional to its statistical weight; solid line
represents weighted logRR, and its two accompanying dashed lines represent its lower
and upper CIs. Horizontal solid line indicates the null hypothesis (logRR = 0). CI:
confidence interval; CVD: cardiovascular diseases; RR: relative risk.

adjusted results and indicated that high egg consumption was an
independent risk factor for CVD and diabetes.

Heterogeneity is often a concern of a meta-analysis. The strati-
fied analyses showed that population from other western countries
seemed to have a higher risk of CVD compared with the ones from
USA. The results of our study indicated that area might be a
modifiable factors. Nevertheless, large-scale randomized controlled

Please cite this article in press as: Li Y, et al., Egg consumption and risk of cardiovascular diseases and diabetes: A meta-analysis, Atherosclerosis

(2013), http://dx.doi.org/10.1016/j.atherosclerosis.2013.04.003




6 Y. Li et al. / Atherosclerosis xxx (2013) 1-7

trials are needed to verify the potential influenced factors of the
association between egg intake and risk of CVD in future.

It was not fully understood about the relationship between egg
consumption and the risk of CVD. A meta-analysis of randomized
trials have demonstrated that egg consumption could raise the
levels of serum LDL-C, a well-established and powerful factor in the
progressive development of atherosclerosis [5]. Furthermore, evi-
dence from prospective cohort studies have indicated that frequent
egg consumption have reflected unhealthy lifestyle including
smoking, less physical activity, many unhealthy eating patterns
[1,19,20,22,33]. These evidence suggested that high egg consump-
tion maybe harmful to health status. The results from our meta-
analysis was consistent with these evidence and revealed a
positive association between egg consumption and the risk of CVD.
In addition, the harmful effect of egg intake to the risk of CVD might
be affected by other metabolic factors. Our finding showed that
diabetes patients seemed to have a higher risk of CVD. The results of
our meta-analysis appeared to support the idea that egg con-
sumption should be restricted to the target population who have a
high risk of CVD. Nevertheless, the effect of egg consumption on the
CVD needs further exploration in large-scale randomized trials.

Currently, limited data are available on the impact of egg
consumption and risk of diabetes. Animal studies have found
that diet rich in cholesterol could raise blood glucose level [42].
However, human metabolic studies have reported that regular
egg consumption was not harmful to glucose tolerance in obesity
men, even improve the levels of high density cholesterol, a
well-established protective factors for cardiometabolic diseases
[43—45]. In our analysis, three studies reported the positive as-
sociation [22,24,25]. Only one which performed in old adults
showed no association [32]. We combined them and reported a
dose—response positive relationship between egg consumption
and the risk of diabetes. Nevertheless, this finding needs further
confirmation in subsequent large cohort studies, randomized
trials and experimental researches.

Our meta-analysis have several limitations. First, given the na-
ture based on observational studies, the residual confounders
became the major limitation. Although we extracted the most fully
adjusted RRs for estimation, we could not exclude other residual
confounders which might affect the results. Second, several case—
control and cross-sectional studies were included in our meta-
analysis, so the recall and selection bias could not be excluded.
However, our stratified analyses indicated that study design was
not a modifiable factor for all the outcomes. Third, the data from the
excluded studies cannot be ruled out. Fourth, we did not differen-
tiate the type of diabetes because of limitation of unavailable data
from the literature. Fifth, we could not evaluate the effect of egg
yolk or egg consumption without yolk because all of the included
studies did not provide the required data. Finally, publication bias
might affect the results, however, we found no evidence of publi-
cation bias.

In conclusion, our meta-analysis indicates that there is positive
dose—response association between egg consumption and the risk
of CVD and diabetes. The multifacet impact of egg intake for the
cardiometabolic diseases are warranted to investigate in both
large-scale trials and experimental studies in future.

Funding sources

The authors declare there was no funding for this work.

Conflicts of interest

None.

References

[1] Hu FB, Stampfer MJ, Rimm EB, et al. A prospective study of egg consumption and
risk of cardiovascular disease in men and women. JAMA 1999;281:1387—94.
Song WO, Kerver JM. Nutritional contribution of eggs to American diets. ] Am
Coll Nutr 2000;19:5565—62S.

Lewington S, Whitlock G, Clarke R, et al. Blood cholesterol and vascular

mortality by age, sex, and blood pressure: a meta-analysis of individual data

from 61 prospective studies with 55,000 vascular deaths. Lancet 2007;370:

1829-39.

Dawber TR, Nickerson R], Brand FN, et al. Eggs, serum cholesterol, and coro-

nary heart disease. Am J Clin Nutr 1982;36:617—25.

[5] Weggemans RM, Zock PL, Katan MB. Dietary cholesterol from eggs increases

the ratio of total cholesterol to high-density lipoprotein cholesterol in

humans: a meta-analysis. Am ] Clin Nutr 2001;73:885—-91.

McNamara DJ. Dietary cholesterol and atherosclerosis. Biochim Biophys Acta

2000;1529:310—20.

Spence ]D. Fasting lipids: the carrot in the snowman. Can ] Cardiol 2003;19:

890-2.

Spence D, Jenkins DJ, Davignon ]. Dietary cholesterol and egg yolks: not for

patients at risk of vascular disease. Can ] Cardiol 2010;26:e336—9.

Njike V, Faridi Z, Dutta S, et al. Daily egg consumption in hyperlipidemic adults—

effects on endothelial function and cardiovascular risk. Nutr ] 2010;9:28.

[10] Rak K, Rader DJ. Cardiovascular disease: the diet-microbe morbid union.
Nature 2011;472:40—-1.

[11] Wang Z, Klipfell E, Bennett BJ, et al. Gut flora metabolism of phosphatidyl-
choline promotes cardiovascular disease. Nature 2011;472:57—63.

[12] Executive summary of the third report of the National Cholesterol Education
Program (Ncep) Expert Panel on detection, evaluation, and treatment of high
blood cholesterol in adults (Adult Treatment Panel III). JAMA 2001;285:2486—97.

[13] Third report of the National Cholesterol Education Program (Ncep) Expert Panel
on detection, evaluation, and treatment of high blood cholesterol in adults
(Adult Treatment Panel IIl) Final Report. Circulation 2002;106:3143—421.

[14] Krauss RM, Deckelbaum R], Ernst N, et al. Dietary guidelines for healthy
American adults. A statement for health professionals from the Nutrition
Committee, American heart association. Circulation 1996;94:1795—800.

[15] Agency Food Standards. Fsa unveils first steps of saturated fat and energy
intake programme. http://www.eatwell.gov.uk/healthydiet/nutritionessentials/
eggsandpulses/; 2008.

[16] Food and Agricultural Organization of the United Nations. Food based dietary
guidelines by country. http://www.fao.org/ag/humannutrition/nutritioneducation/
fbdg/en/; 2009.

[17] Mann ]I, Appleby PN, Key TJ, et al. Dietary determinants of ischaemic heart
disease in health conscious individuals. Heart 1997;78:450—5.

[18] Burke V, Zhao Y, Lee AH, et al. Health-related behaviours as predictors of
mortality and morbidity in Australian Aborigines. Prev Med 2007;44:135—42.

[19] Djousse L, Gaziano JM. Egg consumption and risk of heart failure in the
Physicians’ health study. Circulation 2008;117:512—6.

[20] Djousse L, Gaziano JM. Egg consumption in relation to cardiovascular disease
and mortality: the Physicians’ health study. Am ] Clin Nutr 2008;87:964—9.

[21] Nettleton JA, Steffen LM, Loehr LR, et al. Incident heart failure is associated
with lower whole-grain intake and greater high-fat dairy and egg intake in
the atherosclerosis risk in communities (ARIC) study. ] Am Diet Assoc
2008;108:1881—7.

[22] Djousse L, Gaziano JM, Buring JE, et al. Egg consumption and risk of type 2
diabetes in men and women. Diabetes Care 2009;32:295—300.

[23] Houston DK, Ding ], Lee ]JS, et al. Dietary fat and cholesterol and risk of car-
diovascular disease in older adults: the health Abc study. Nutr Metab Car-
diovasc Dis 2011;21:430-7.

[24] Shi Z, Yuan B, Zhang C, et al. Egg consumption and the risk of diabetes in
adults, Jiangsu, China. Nutrition 2011;27:194—8.

[25] Radzeviciene L, Ostrauskas R. Egg consumption and the risk of type 2 diabetes
mellitus: a case-control study. Public Health Nutr 2012;15:1437—41.

[26] Qiu C, Frederick 10, Zhang C, et al. Risk of gestational diabetes mellitus in
relation to maternal egg and cholesterol intake. Am ] Epidemiol 2011;173:
649-58.

[27] Spence ]D, Jenkins DJ, Davignon J. Egg yolk consumption and carotid plaque.
Atherosclerosis 2012;224:469—73.

[28] Gramenzi A, Gentile A, Fasoli M, et al. Association between certain foods and
risk of acute myocardial infarction in women. BM] 1990;300:771-3.

[29] Nakamura Y, Okamura T, Tamaki S, et al. Egg consumption, serum cholesterol,
and cause-specific and all-cause mortality: the National Integrated Project for
prospective observation of non-communicable disease and its trends in the
aged, 1980 (Nippon Data80). Am ] Clin Nutr 2004;80:58—63.

[30] Nakamura Y, Iso H, Kita Y, et al. Egg consumption, serum total cholesterol
concentrations and coronary heart disease incidence: Japan Public health
Center-based prospective study. Br ] Nutr 2006;96:921—8.

[31] Qureshi Al Suri FK, Ahmed S, et al. Regular egg consumption does not increase
the risk of stroke and cardiovascular diseases. Med Sci Monit 2007;13:CR1-8.

[32] Djousse L, Kamineni A, Nelson TL, et al. Egg consumption and risk of type 2
diabetes in older adults. Am ] Clin Nutr 2010;92:422—7.

[33] Scrafford CG, Tran NL, Barraj LM, et al. Egg consumption and Chd and stroke
mortality: a prospective study of US adults. Public Health Nutr 2011;14:
261-70.

2

[3

[4

(6

[7

[8

19

(2013), http://dx.doi.org/10.1016/j.atherosclerosis.2013.04.003

Please cite this article in press as: Li Y, et al., Egg consumption and risk of cardiovascular diseases and diabetes: A meta-analysis, Atherosclerosis



http://www.eatwell.gov.uk/healthydiet/nutritionessentials/eggsandpulses/
http://www.eatwell.gov.uk/healthydiet/nutritionessentials/eggsandpulses/
http://www.fao.org/ag/humannutrition/nutritioneducation/fbdg/en/
http://www.fao.org/ag/humannutrition/nutritioneducation/fbdg/en/
egueg
Texte surligné 


(34]

(35]

(36]

(37]

(38]

(39]

Y. Li et al. / Atherosclerosis xxx (2013) 1-7 7

Zazpe 1, Beunza JJ, Bes-Rastrollo M, et al. Egg consumption and risk of
cardiovascular disease in the sun project. Eur J Clin Nutr 2011;65:676—
82.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational
studies in Epidemiology: a proposal for reporting. Meta-Analysis of
observational studies in Epidemiology (Moose) group. JAMA 2000;283:
2008—12.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986;7:177—88.

Higgins JPT, Green S, editors. Cochrane handbook for systematic reviews of
interventions. Version 5.0.2. New York, Ny: Wiley; 2009.

Greenland S, Longnecker MP. Methods for trend estimation from summarized
dose-response data, with applications to meta-analysis. Am ] Epidemiol
1992;135:1301-9.

Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by
a simple, graphical test. BMJ 1997;315:629—34.

[40]

[41]

[42]

[43]

[44]

[45]

Lloyd-Jones D, Adams R], Brown TM, et al. Heart disease and stroke statistics—
2010 update: a report from the American Heart Association. Circulation
2010;121:e46—-215.

Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity, diabetes, and
obesity-related health risk factors. JAMA 2001;2003(289):76—9.
Adamopoulos PN, Papamichael CM, Zampelas A, et al. Cholesterol and un-
saturated fat diets influence lipid and glucose concentrations in rats. Comp
Biochem Physiol B Biochem Mol Biol 1996;113:659—63.

Reaven GM, Abbasi F, Bernhart S, et al. Insulin resistance, dietary cholesterol, and
cholesterol concentration in postmenopausal women. Metabolism 2001;50:594—7.
Mutungi G, Ratliff ], Puglisi M, et al. Dietary cholesterol from eggs increases
plasma Hdl cholesterol in overweight men consuming a carbohydrate-
restricted diet. ] Nutr 2008;138:272—6.

Pearce KL, Clifton PM, Noakes M. Egg consumption as part of an energy-
restricted high-protein diet improves blood lipid and blood glucose profiles
in individuals with type 2 diabetes. Br J Nutr 2011;105:584—92.

Please cite this article in press as: Li Y, et al., Egg consumption and risk of cardiovascular diseases and diabetes: A meta-analysis, Atherosclerosis
(2013), http://dx.doi.org/10.1016/j.atherosclerosis.2013.04.003




	Egg consumption and risk of cardiovascular diseases and diabetes: A meta-analysis
	1. Introduction
	2. Materials and methods
	2.1. Search strategy
	2.2. Outcomes and study selection
	2.3. Data extraction
	2.4. Data synthesis and analysis

	3. Results
	3.1. Search results
	3.2. Study characteristics
	3.3. Egg consumption and risk of CVD
	3.4. Egg consumption and risk of diabetes

	4. Discussion
	Funding sources
	Conflicts of interest
	References




