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Egg intake and bladder cancer risk: A meta-analysis
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Abstract. Egg intake has been hypothesized to promote
carcinogenesis due to its potential to increase circulating
levels of cholesterol. Epidemiological findings regarding the
association between egg consumption and risk of bladder
cancer have been inconsistent. We performed a meta-analysis
of the available data. Relevant studies were identified by a
PubMed database search of articles dating from between
January 1980 and December 2011. We identified 4 cohort
and 9 case-control studies of egg intake and risk of bladder
cancer. Both fixed- and random-effects models were used to
calculate the summary risk estimates (REs). The combined
RE of bladder cancer for the highest compared with the lowest
egg intake was 0.94 (95% CI, 0.69-1.18) and weak evidence
of heterogeneity was observed. The association between egg
intake and risk of bladder cancer differed significantly by
geographic region, with a 28% reduced risk in Japanese. Our
results provided no strong evidence of a significant association
of egg consumption with bladder cancer incidence but showed
a protective effect in Japanese.

Introduction

Bladder cancer is the fourth most common cancer among men
in the United States. In 2010, it was estimated that 69,250 new
cases of bladder cancer would be diagnosed and 14,990 deaths
of this cancer would occur among men in the country (1). To
date, the only firmly established risk factors for this disease
appear to be age, gender, smoking history and occupational
exposure to certain chemicals (2). However, these well-defined
factors cannot fully explain the observed differences in inci-
dence and mortality from bladder cancer amongst countries.
Therefore, other potential risk factors need to be identified.
Dietary factors have been thought to account for about 30%
of cancers in Western countries, making diet second only to
tobacco consumption as a preventable cause of cancer (3). The
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role of dietary factors on the risk of bladder cancer is clearly
plausible, as most substances or metabolites are excreted
through the urinary tract and are consequently in direct
contact with the mucosa of the bladder. Eggs are an important
source of protein and fat and are widely consumed worldwide.
A high intake of eggs has been associated with increased
risk of several cancers (4-6), although other studies reported
no association (7,8) or even decreased risk (9). Associations
between bladder cancer incidence and intake of eggs have also
been investigated, yielding inconclusive results.

The purpose of the present study was to investigate the
association between bladder cancer and eggs intake. We
conducted a meta-analysis of all published studies with greater
statistical power to provide summary risk estimates for bladder
cancer in relation to egg consumption.

Materials and methods

Database search. Eligible studies were identified by searching
the PubMed database for relevant epidemiological studies
of egg consumption in relation to the risk of bladder cancer
dating from between January 1, 1980 and December 31, 2011.
Additional publications identified by hand-searching of refer-
ence lists were also included. For computer searches, we used
the following terms in any field: ‘eggs’ or ‘egg’ or ‘meat’ or
‘meats’ or ‘animal products’ combined with ‘bladder cancer’
or ‘urothelial cancer’. Studies were included in the meta-anal-
yses if they presented risk estimates with corresponding 95%
confidence intervals (CIs) from a cohort or case-control study
in English language on the association between egg intake and
incidence of bladder cancer. We also included articles evalu-
ating the risk of urinary tract cancer with egg consumption,
as the majority of cancers in the urinary tract are urothelial
cancers, and bladder cancer comprises almost 90% cases of
cancer in the lower urinary tract.

Study analysis. The following pieces of information were
extracted from the included studies: the name of the first
author, the year of publication, the country in which the study
was conducted, study design, year of follow-up (cohort studies)
or data collection (case-control studies), sample size, anatom-
ical site of the neoplasm, risk estimates with corresponding
95% Cls for highest vs. lowest level of egg consumption, expo-
sure assessment and range of exposure, and adjusted covariates.
We used risk estimates (REs) as the measure of the association
in cohort and case-control studies. Crude (unadjusted) and
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adjusted REs were used for meta-analysis. Adjusted REs were
extracted directly from the original reports. For the crude RE
analysis, we extracted the number of cases and controls for the
case-control studies and the number of cases and the person-
years in the cohort studies, and calculated them from a two by
two table.

Statistical analysis. We estimated a pooled RE with 95% CI
based on fixed- and random-effects models depending on the
heterogeneity of the analysis. Statistical heterogeneity among
studies included in the meta-analysis was assessed using the
Q (10) and T? statistics (11). Statistically significant heteroge-
neity was defined as p<0.05. Publication bias was assessed by
the funnel plot and Egger's test (12). Statistically significant
publication bias was defined as p<0.05. Statistical analyses
were performed using Stata 11.0 (Stata Corp, College Station,
TX, USA).

Results

Study characteristics. Fig. 1 shows the process of identifying
and selecting studies. We finally included 13 articles that
examined the risk of bladder cancer with egg intake published
between January 1980 and December 2011, including four
cohort, seven hospital-based and two population-based case-
control studies (13-25). Six of these studies were conducted in
Europe (13-15,22,23,25), one in the US (16), two in Uruguay
(19,24), and four in Japan (17,18,20,21). Five studies included
neoplasms of the urinary tract as cases (13,15,16,20,21). Table I
presents the basic characteristics of each study included in our
meta-analysis.

Meta-analysis. We first calculated the summary RE for the
highest vs. lowest category of egg consumption using the
crude data; the pooled RE was 0.84 (95% CI, 0.52-1.12) in a
random effects analysis (Fig. 2A). There was a statistically
significant heterogeneity across studies (I’=66.6%; p=0.023).
After excluding one study by Anue et al, which reported the
highest point estimates, the p-value for heterogeneity among
these studies was no longer statistically significant (I*=20.5%,
p=0.279), and a significant inverse association was observed
between egg consumption and bladder cancer risk (RE=0.73;
95% CI, 0.51-0.95).

However, when using the adjusted data, high egg consump-
tion was not associated with a reduction in risk of bladder
cancer (RE=0.94; 95% CI, 0.69-1.18) (Fig. 2B). There was a
weak heterogeneity among all studies combined (I’=46.6%;
p=0.051). To evaluate the stability of the results, we also
performed a sensitivity analysis, which removed one study at
a time. This analysis confirmed the stability of our results. No
indication of publication bias was detected from either visual-
ization of funnel plot (Fig. 3) or Egger's test (p=0.883).

Results of the subgroup analyses by study design, study
population, egg cooking method and assessment are shown
in Table II. In the subgroup analyses by study design, neither
cohort studies (RE=0.85; 95% ClI, 0.61-1.08) nor case-control
studies (RE=1.17; 95% CI, 0.66-1.68) showed that egg intake
was related to decreased bladder cancer risk. There was no
evidence of heterogeneity among cohort studies, but some
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Figure 1. Process of study selection.

evidence among case-control studies. When subgroup analysis
was conducted by study population, we found a statistically
significant protective effect of egg consumption on bladder
cancer for Japanese [including one study of Japanese in
Hawaii (16); RR=0.72, 95% CI, 0.53-0.91], whereas a signifi-
cantly increased risk was observed Uruguayans (RR=1.95,
95% ClI, 1.24-2.66), and no association was found in Western
countries (RR=1.19; 95% CI, 0.77-1.60). A subgroup analysis
was also performed according to the assessment method of
egg consumption. A statistically significant association was
observed among studies using self-administered question-
naire techniques (RR=0.76; 95% CI, 0.55-0.97) but not among
studies using interviews (RR=1.30; 95% CI, 0.77-1.84). In
addition, it was noted that bladder cancer appeared to have a
stronger positive association with fried egg intake (RR=2.00;
95% CI, 1.23-2.77), but not with boiled eggs.

Discussion

Eggs are one of nature's most nutritious foods, with low
levels of saturated fat and high levels of protein. Although
various health concerns are associated with egg consumption,
it remains a popular ingredient in cooking worldwide. We
systematically reviewed published epidemiological studies
on the association between egg intake and the risk of bladder
cancer. To our knowledge, this is the first meta-analysis to
evaluate the relationship between them.

Egg consumption has not been studied as thoroughly as the
consumption of meat and dairy products in relation to cancer
risk. The most convincing evidence points to egg consumption
as increasing risk for colorectal cancer (24,26,27). Several
studies also found a positive association between egg intake
and cancers of the oral cavity and pharynx (4,28,29). Recently,
a large cohort study calculated that men who consumed 2.5 or
more eggs per week had an 81% increased risk of lethal pros-
tate cancer compared with men who consumed fewer than 0.5
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Figure 2. Forest plots showing risk estimates from case-control and cohort studies estimating the association between egg consumption and risk for bladder

cancer using (A) crude data and (B) adjusted data.
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Figure 3. Funnel plot of egg consumption and bladder cancer risk.

eggs per week (30). The biological mechanism by which eggs
have a detrimental effect on cancer risk possibly involves the

high cholesterol content in egg yolk. Hu ef al (31) found that
high cholesterol intake is linked to increased risk of various
cancers. Cholesterol is a precursor of steroid hormones, and
accumulation of cholesterol in cells may affect prostate cancer
risk through the formation of androgen. Alterations in choles-
terol level could also contribute to cellular inflammation (32),
which is a critical component of tumor progression.

In the present study, we first found that egg consumption
was significantly associated with reduced risk of bladder
cancer when using unadjusted estimates. However, this
association became insignificant when models were adjusted
for potential confounding variables. In subgroup analyses,
the pooled analysis from the cohort studies, which have the
advantage of being less vulnerable to selection and recall bias
than case-control studies, also suggested no association. When
subgroup analysis was conducted by egg cooking methods, we
found a strong positive association between fried egg intake
and bladder cancer risk, although the analysis was combined
from only two studies. The elevated risk could be explained
by formation of heterocyclic amines, which are known
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Table II. Summary of risk estimates of egg intake with bladder cancer by study design, exposure assessment, and geographical

region.

Number of studies Pooled RR Q-test for heterogeneity
Subgroup (reference) (95% CI) P value (/7 score)
Study design

Cohort studies
Case-control studies

Exposure assessment
Interview
Mailed questionnaire
Geographical region
Western studies
Japanese studies
Uruguayan studies
Cooking methods
Fried eggs
Boiled eggs

4(13,16,1721)
9 (14,15,18-20,22-25)

6 (13,15,17,20,21,25)
7(14,16,18,19,22-24)

5(13-15,22,23.25)
5(16-18,20.21)
2(19.24)

2(15,19)
2 (15,19)

0.85(0.61, 1.08)
1.17 (0.66, 1.68)

1.30 (0.77, 1.84)
0.76 (0.55,0.97)

1.19 (0.77, 1.60)
0.72 (0.53,0.91)
1.95 (1.24,2.66)

2.00 (1.23,2.77)
1.19 (0.69, 1.70)

0.911 (0)
0.006 (69.4%)

0.076 (52.8%)
0.517 (11.7%)

0.267 (24.0%)
0.485 (0)
0.599 (0)

0.579 (0)
024 (27.5%)

to be involved in bladder carcinogenesis by occupational
exposure and smoking, during high-temperature cooking of
eggs. We also observed a significantly negative association
among studies using self-administered questionnaires but
no association among studies using interviewing techniques.
This contrast may be a consequence of response bias due to
different assessment techniques or to chance alone. Notably,
in subgroup analysis by study population, we noted a signifi-
cant association of egg consumption with decreased risk of
bladder cancer ws for Japanese, and this result was somewhat
homogeneous (p=0.485; I°=0). However, increased risk was
observed in Uruguayans. We are currently not able to identify
a plausible explanation for the difference. A possible role of
ethnic differences in genetic backgrounds might be taken into
account.

Our study has several important limitations. First, the
number of studies included was limited and we did not search
for unpublished studies or original data, and therefore poten-
tial publication bias might influence the findings. However, no
publication bias was indicated visually or in formal statistical
testing. Second, residual confounders are always of concern
in observational studies. Although the majority of included
studies was adjusted for a wide range of potential confounders
for bladder cancer, we were unable to exclude the possibility
that other unmeasured or inadequately measured factors
confounded the true association. Third, smoking is one of
the major risk factors of bladder cancer, but we are unable to
conduct stratified analyses adjusted by smoking, due to the
lack of sufficient data from the included studies.

In summary, we did not find a significant association
between overall egg intake and bladder cancer risk. However,
this association varied significantly across different popula-
tions. Our findings have significant public health implications
for high egg consumption worldwide. Given the small number
of studies included in this meta-analysis, large prospective
studies are required to confirm this association.
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