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Abstract: Findings from epidemiologic studies concerning red and processed meat intake and bladder cancer risk 
remain conflicting. Thus, we conducted this meta-analysis to examine the associations of red and processed meat 
intake with bladder cancer. Eligible studies published up to May 2014 were retrieved via both computer searches 
and review of references. Finally, we identified 14 studies on red meat (involving 9,084 cases) and 11 studies 
on processed meat (7,562 cases) involving up to 1,558,848 individuals. Random-effects models were used to 
estimate summary relative risk estimates (SRRE) based on high vs. low intake, and heterogeneity between study 
results was explored through stratified analyses on the basis of red/processed meat category, gender, study design 
and geographical region. Overall, the SRRE for all studies regarding red meat intake was 1.15 (95% CI: 0.97-1.36). 
Significant positive association was observed between processed meat consumption and bladder cancer (SRRE = 
1.22; 95% CI: 1.04-1.43). Interestingly, increased by 25% and 33% risk of bladder cancer were observed for red 
meat and processed meat intake respectively in populations from the American continent. In conclusion, our find-
ings showed that there was an absence of an association between red meat intake and bladder cancer, but sug-
gested that high consumption of processed meat probably correlated with rising risk of bladder cancer. In addition, 
positive relationships were observed regarding people intake of red and processed meat in the American continent. 
These findings need to be confirmed in future research.
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Introduction

Bladder cancer is the fourth most common 
cancer in men and the ninth most common inci-
dent in women, with the incidence ranked fifth 
in the United States [1]. It presents a substan-
tial challenge to public health. More than 
50,000 men and 16,000 women are diagnosed 
with bladder cancer each year in the United 
States [2]. An increasing trend in incidence and 
mortality rates has been observed for bladder 
cancer in the past 30 years.

The past few years have seen growing much 
attention in the etiology of bladder cancer and 
have identified many factors as being causally 
associated with the risk of this malignancy, 
with most factors being lifestyle or genetic in 
nature. Smoking, occupational exposures to 
aromatic amines and Schistosoma haematobi-
um infestation were well-known risk factors [3].

Many epidemiologic studies have investigated 
the link between red or processed meat intake 
and bladder cancer, however, their findings var-
ied between studies, with some positive asso-
ciations observed in some studies [4, 5] and 
other studies observing no association [6, 7]. A 
previous meta-analysis summarized several 
epidemiologic studies and reported that great-
er consumption of red and processed meat sig-
nificantly elevated by 17% (95% CI: 1.02-1.34) 
and 10% (95% CI: 1.00-1.21) risk of bladder 
cancer, respectively, when comparing the high-
est category of red or processed meat intake 
with the lowest category [8].

Of note, the primary outcome of the cases 
defined in Wang et al. [8] analysis involved blad-
der cancer and other urinary cancer as well, 
thus providing the results not entirely accurate. 
It would be valuable if taking into account this 
remark and then providing a new accurate esti-
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mation. With recently accumulating evidence 
[6, 9], our purpose was to estimate the sum-
mary relative risk of bladder cancer only at level 
of high compared to low intake of red or pro-
cessed meat and examine potential sources of 
heterogeneity across studies by conducting a 
meta-analysis of epidemiological studies pub-
lished up to May 2014.

Materials and methods

Literature search

We performed this meta-analysis in accor-
dance with Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) guidelines 
[10]. A PubMed database search through May 
2014, was conducted to identify eligible stud-
ies that estimated the association between red 
or processed meat intake and bladder cancer 
risk. The primary search string included the fol-
lowing terms: (“bladder” and “carcinoma” OR 
“cancer” OR “tumor” OR “neoplasms”) AND 
(meat OR beef OR pork OR lamb). The search 
focused on human studies, without restriction 
on language. Additionally, we performed hand 
searches via the references of all retrieved pub-
lications again in an effort to identify all avail-
able literature that may not have been identi-
fied by the PubMed search.

Inclusion criteria

The study would be included in our analysis if it 
met the following criteria: (1) The study is an 
original study in human beings; (2) The study 
has reported the association between red and 
processed meat intake and bladder cancer risk 
between 1980 and February, 2012; (3) The 
study was required to report a point estimate 
(i.e., relative risks RR or odds ratio OR) and its 
variability (i.e., 95% confidence intervals CI) for 
the highest category of red or processed meat 
intake compared with the lowest category or 
information sufficient to calculate them. If there 
were multiple publications of the same or over-
lapping study population, only the studies pub-
lished the most recently were included. The 
studies that reported only data for a broad clas-
sification of meat or total meat were excluded. 
They may include poultry or fish. The other 
exclusion criteria were (1) duplicates; (2) irrele-
vant data reported; (3) cross-sectional, experi-
mental and mechanistic analyses.

Red meat is commonly defined as beef, pork, 
lamb, or a combination thereof, and processed 

meat is generally defined as meat made largely 
from beef, pork, or poultry that undergoes 
methods of preservation, such as salted, smok-
ing or drying [11]. The definitions of red meat 
and processed meat varied across studies. 
Most studies reported data for variables 
labeled as ‘red meat’, ‘processed’ or ‘pre-
served’ meat, although some studies reported 
data for single meat items, such as beef, pork, 
lamb, or hamburger.

Data extraction

We extracted the information in a standardized 
data collection form from each included study. 
The information was extracted including: the 
first author, the year of publication, the country, 
study design, sample size, methods of dietary 
exposure ascertainment, red meat and pro-
cessed meat dietary variables, the analytical 
comparison, the number of exposed cases, the 
RR or OR, 95% confidence intervals, and the 
factors adjusted in the analyses. Considering 
that bladder cancer is a rare disease, the RR 
was assumed approximately the same as OR. 
In case of multiple data sets, we used the 
results from the main multivariable model that 
included most adjusted confounders. The dis-
crepancy in data extraction was resolved by 
repeating the study review and discussion.

Statistical analysis

Random effects models were used to calculate 
summary relative risk estimates (SRRE) for the 
highest compared with the lowest category of 
red or processed meat intake, 95% confidence 
intervals, and corresponding P-values for het-
erogeneity. Forest plots were applied to assess 
the relation between red or processed meat 
and bladder cancer. When data for single food 
items were reported separately in the original 
study (e.g. data for beef and data for pork), we 
first combined them using a fixed effects model, 
then this weighted average was used in our ran-
dom effects meta-analysis models.

To explore the sources of heterogeneity across 
studies, we created meta-analysis models of 
studies that reported associations for a vari-
able labeled as ‘red/processed meat’, while 
excluding single red/processed meat items, or 
for the variable ‘single red/processed meat 
items’ with excluding associations for red/pro-
cessed meat. In addition, Subgroup analyses 
were also performed based on gender, study 
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Table 1. Characteristics of studies that analyzed red meat or processed meat consumption and bladder cancer

Author and year Study 
location

Casesa/
Subjiects Exposure Variable (Definition) Casesb Analytical comparison (high vs. low 

intake) Adjustments

Cohort studies

Jakszyn 2011 [6] Europe 1,001/481,419 Red meat (fresh and processed meat) 355 Quarter of intake Q4 vs. Q1 Total energy intake, smoking, educational level 
and BMI

Ferrucci 2010 [7] USA 854/300,933 Red meat (bacon, beef, cold cuts, liver, 
ham, hot dogs, pork, sausage, and steak)

226 Quintiles of intake
Q5 vs. Q1

Age, sex, smoking, vegetables beverages fruit 
and total energy

Processed meat (bacon, ham, hotdogs 
sausage and luncheon meats)

200 Q5 vs. Q1

Larsson 2009 [18] Sweden 485/82,002 Red meat (beef, pork, meatballs hambur-
ger, veal and kidney or liver)

164 ≥ 5 servings/week vs 0-3 servings/month Age, sex, smoking, education and total energy 
intake

Processed meat (ham, sausage and salami 
or cold cuts)

215 ≥ 5 servings/week vs. 0-3 servings/month

Beef, pork, or veal 21 ≥ 5 servings/week vs. 0-3 servings/month

Hamburger 39 ≥ 5 servings/week vs. 0-3 servings/month

Sausage (fried, grilled, or boiled) 41 ≥ 5 servings/week vs. 0-3 servings/month

Cross 2007 [19] USA 1,666/494,036 Red meat (beef, pork and lamb; bacon, 
beef, cold cuts, ham, hamburger, hot dogs, 
liver, pork, sausage, and steak)

Age, sex, smoking, education, marital status, 
family history of cancer, race, BMI, frequency 
of vigorous physical activity, total energy intake, 
and fruit and vegetable consumptionProcessed meat (bacon, red and poultry 

meat sausage, luncheon meats, cold cuts, 
ham, regular hot dogs)

Michaud 2006 [20] USA 808/135,893 Beef, pork, or lamb 72 ≥ 5 servings/week vs. 0 Age, smoking, caloric, geographic region and 
total fluid intakeProcessed meat (bacon; hamburger) 39 ≥ 5 servings/week vs. 0

Hamburger 242 2-4 servings/week vs. 0

Nagano 2000 [21] Japan 114/38,540 Ham/sausage 26 2+/week vs. 0/week Age, gender, smoking, radiation exposure, edu-
cational, BMI and calendar time

Case-control studies

Lin 2012 [9] USA 884/1,762 Red meat (beef, veal, lamb, pork, game) 319 Quartiles of intake Q4 vs. Q1 Age, sex, smoking, BMI, energy intake, ethnicity, 
total vegetable intake, total fruit intakeProcessed meat (hot dogs or sausage) 268 Q4 vs. Q1

Aune 2009 [4] Uruguay 254/5,571 Red meat (beef and lamb) 47 Tertile of intake T3 vs. T1 Age, sex, smoking, BMI, energy residence, edu-
cation, milk, fish, income, fruits, interviewer, al-
cohol, grains, fatty foods, poultry and vegetables

Beef 39 T3 vs. T1

Lamb 18 T3 vs. T1

Processed meat 77 T3 vs. T1

Hu 2008 [5] Canada 1,029/6,068 Red meat (beef, pork, or lamb as a main or 
mixed dish and hamburger)

NR Quartiles of intake Q4 vs. Q1 Age, sex, smoking, BMI, energy intake, province, 
education, alcohol, total of vegetable and fruit 
intakeProcessed meat (bacon, smoked meat, 

hotdogs, corned beef and sausage)
NR Q4 vs. Q1

García 2007 [22] Spain 912/1,785 Red meat (beef, veal, pork and lamb) 324 Quintiles of intake Q5 vs. Q1 Age, gender, smoking, region and quintiles of 
fruit and vegetable intakeProcessed red meat 368 Q5 vs. Q1

Baena 2006 [23] Spain 74/163 Pork 68 ≥ 3 servings/week vs. 0-3 servings/month Age, smoking and fluid intake

Radosavljević 2005 [24] Serbia 130/260 Pork 48 Tertile of intake T3 vs. T1 Multivariable analysis
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Balbi 2001 [25] Uruguay 124/744 Red meat (beef and lamb) NR Tertile of intake T3 vs. T1 Age, sex, smoking, BMI, total calories, education, 
residence, urban/rural status and ‘mate’ 
drinking

Salted meat NR T3 vs. T1

Barbecue NR T3 vs. T1

Tavani 2000 [26] Italy 431/8,451 Red meat (beef, veal and pork) 127 ≥ 6 portions/week vs. 0-3 portions/week Age, sex, smoking, education, residence, 
alcohol, milk, fruits and vegetables

Riboli 1991 [27] Spain 432/1,221 Red meat (beef, pork and lamb) NR Quarter of intake Q4 vs. Q1 Smoking and energy intake

Preserved meat NR Q4 vs. Q1
BMI: body mass index; NR: not reported. aNumber of bladder cancer in study. bNumber of cases in highest intake category.
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design, and geographic region. Furthermore, a 
further sensitivity analysis was performed to 
explore sources of heterogeneity. Each study 
was omitted in turn to assess robustness of the 
results.

We used the tests of Egger and Begg to assess 
publication bias [12]. Considering both tests 
have low power to detect potential bias, we set 
P = 0.1 as our statistical penalty. All statistical 
analyses were done with Stata Statistical 
Software, version 11.0. A P value of less than 
0.05 indicates significance except where spe-
cifically noted.

Results

We identified 61 articles that examined the risk 
of bladder cancer with red and/or processed 
meat consumption published until 2014 May. 
Upon closer examination, 46 articles were 
excluded, as they did not provide sufficient 
information to estimate a summary odds ratio 
and its 95% confidence intervals or reported a 
broad classification of meat [13, 14], or the 
studies that the primary outcome of the cases 
involved other urinary tract cancer besides 
bladder cancer were excluded [15-17]. At last, 
14 studies on red meat (involving 9,084 cases) 

and 11 studies on processed meat (7,562 
cases) with a total study population up to 
1,558,848 individuals were included in our 
analysis [4-7, 9, 18-27]. The characteristics of 
the 15 articles included in this meta-analysis 
are presented in Table 1. Six large cohort stud-
ies [6, 7, 18-21] with 1,532,823 participants, 
and nine case–control studies [4, 5, 9, 22-27] 
with 26,025 participants, were identified that 
evaluated the association of red and/or pro-
cessed meat and bladder cancer, and reported 
data that could be meta-analyzed. Food fre-
quency questionnaires (FFQs) was utilized in 
the majority of studies to ascertain dietary 
information pertaining to meat consumption. 
Seven of these studies were conducted in 
Europe [6, 18, 22-24, 26, 27], while four were 
in the United States [7, 9, 19, 20], two in 
Uruguay [4, 24], one in Canada [5] and one in 
Japan [21]. Four articles reported associations 
between consumption of specific red meat 
(pork) [23, 24] or processed meat (ham or sau-
sage) and the risk of bladder cancer [21, 25]. 
The included studies were published between 
1980 and May 2014.

The meta-analysis results for red meat and pro-
cessed meat consumption and bladder cancer 
are summarized in Table 2. Five cohort studies 

Table 2. Summary of meta-analysis results for red meat or processed meat consumption (high intake 
vs. low intakea) and bladder cancer
Analysis specifications Studies Total cases Total population SRRE (95% CI) P-Heterogeneity
Red meat
Total red meat 14 9,084 1,520,308 1.15 (0.97-1.36) 0.000
Red meat category only 12 8,880 1,519,885 1.15 (0.97-1.35) 0.000
Single red meat items 2 204 423 1.22 (0.21-7.03) 0.008
Cohort studies 5 4,814 1,494,283 1.08 (0.97-1.20) 0.236
Case-control studies 9 4,270 26,025 1.23 (0.91-1.67) 0.000
Men 5 3,199 620,458 1.04 (0.64-1.69) 0.000
Women 3 2,693 619,074 0.97 (0.75-1.27) 0.009
Europe 7 3,464 575,301 1.03 (0.77-1.39) 0.000
America 7 5,620 945,007 1.25 (1.02-1.54) 0.001
Processed meat
Total processed meat variables 11 7,562 1,068,555 1.22 (1.04-1.43) 0.002
Processed meat category 9 7,324 1,029,271 1.25 (1.09-1.43) 0.031
Single processed meat items 2 238 39,284 1.71 (0.32-9.16) 0.000
Cohort studies 5 3,927 1,051,404 1.08 (0.96-1.20) 0.553
Case-control studies 6 3,635 171,51 1.46 (1.10-1.95) 0.002
Europe 3 1,829 850,08 1.10 (0.93-1.30) 0.608
America 7 5,619 945,007 1.33 (1.06-1.67) 0.001
aThe intake contrast (i.e., exposure vs. referent group) for each study is reported in Table 1.
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[6, 7, 18-20] and nine case-control studies [4, 
5, 9, 22-27] were included in the meta-analysis 
model of total red meat. No association was 
observed between consumption (high vs. low 
intake) of red meat and bladder cancer risk 
(SRRE = 1.15, 95% CI: 0.97-1.36), and substan-
tial heterogeneity was detected (P-value for 
heterogeneity < 0.0001) (Table 2; Figure 1). Of 
these 14 studies, 12 studies reported results 
for ‘red meat’ (as a category) while single red 
meat items (i.e., beef, pork, and/or lamb) were 
reported in the other two studies. The summary 
association was similar after excluding report-
ed data for single red meat items only (SRRE = 
1.15, 95% CI: 0.97-1.35; P-value for heteroge-
neity < 0.0001) (Table 2). The summarized 
association restricted to prospective cohort 
data only was also approximately null (SRRE = 
1.08, 95% CI: 0.97-1.20) without any variability 
(P-value for heterogeneity = 0.236). Whereas, 
the summary association for the nine case–
control studies was stronger in magnitude 
(SRRE = 1.23, 95% CI: 0.91-1.67), and the indi-
vidual study point estimates were more vari-
able (P-value for heterogeneity < 0.0001). 

Summary associations were similar in the sub-
groups stratified by gender (Male, SRRE = 1.04, 
95% CI: 0.64-1.69; Female, SRRE = 0.97, 95% 
CI: 0.75-1.27).

In the subgroups according to geographical 
region, a significant positive association was 
detected between red meat intake and bladder 
cancer in the American continent (U.S., Canada 
and Uruguay) [4, 5, 7, 9, 19, 20, 25]. The blad-
der cancer risk remarkably increased by 25% 
on the basis of comparisons between the high-
est and lowest quartiles of red meat intake 
(SRRE = 1.25, 95% CI: 1.02-1.54; P-value for 
heterogeneity = 0.001) (Table 2; Figure 3A). In 
contrast, no statistically significant association 
was founded in Europe (SRRE = 1.03, 95% CI: 
0.77-1.39; P-value for heterogeneity < 0.0001) 
[6, 18, 22-24, 26, 27]. The Begg (P = 0.91) and 
Egger (P = 0.83) tests, as well as visual inspec-
tion of the funnel plot (not shown), did not sug-
gest a publication bias.

The combined effect between processed meat 
and bladder cancer was elevated (SRRE = 1.22, 
95% CI: 1.04-1.43; P-value for heterogeneity = 

Figure 1. Meta-analysis of red meat intake and bladder cancer (high vs. low intake).
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0.002) (Table 2; Figure 2). The summary asso-
ciation for the processed meat category only 
was similar to the total model (SRRE = 1.25, 
95% CI: 1.09-1.43, P-value for heterogeneity = 
0.031). Only two studies reported single pro-
cessed meat items, the SRRE was 1.71 (95% 
CI: 0.32-9.16, P-value for heterogeneity < 
0.0001). After stratification according to study 
design, a significant positive association was 
noted in the summary association from case-
control studies only (SRRE = 1.46, 95% CI: 
1.10-1.95; P-value for heterogeneity = 0.002)  
[4, 5, 9, 22, 25, 27], while no association was 
observed in the subgroups of cohort studies 
(SRRE = 1.08, 95% CI: 0.96-1.20; P-value for 
heterogeneity = 0.553) (Table 2) [7, 18-21]. 
After stratification by geographical region, dif-
ferences were found among the studies in the 
American continent and Europe, with SRRE of 
1.33 (95% CI: 1.06-1.67; P-value for heteroge-
neity = 0.001) (Figure 3B) respectively and 
1.10 (95% CI: 0.93-1.30; P-value for heteroge-
neity = 0.608). The Begg (P = 0.44) and Egger 
(P = 0.35) tests, as well as visual inspection of 
the funnel plot (not shown), did not suggest a 
publication bias.

In addition, we also performed further sensitiv-
ity analyses to examine the influence of a single 
study on the overall estimates. The results 
showed that none of the study considerably 
affected the summary of risk estimates in our 
meta-analysis (data not shown).

Discussion

The association between red or processed 
meat intake and bladder cancer risk has rapidly 
received much attention, and the results were 
inconsistent. Here, we pooled six large cohort 
studies and nine case-control studies involving 
9,198 cases and 1,558,848 participants to get 
a more stable and creditable result. The results 
suggested no significant overall association 
between red meat intake and bladder cancer 
incidence, but indicating a positive association 
between processed meat intake and bladder 
cancer. Among the subgroup analyses based 
on red/processed meat category, study design, 
gender, America or European continent, inter-
estingly, increased by 25% and 33% risk of 
bladder cancer were observed for red meat and 
processed meat intake respectively in popula-
tions from the American continent.

Figure 2. Meta-analysis of processed meat intake and bladder cancer (high vs. low intake).
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Our study was focused on that the primary out-
come defined in the included original article 
was only bladder cancer, while Wang et al [8]. 

contained several other types of urinary cancer 
as well. We could not exclude the possibility 
that this unmeasured factor may contribute to 

Figure 3. Meta-analysis of red meat (A) and processed meat (B) intake and bladder cancer (high vs. low intake) in 
the America continent.
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the results not entirely accurate. Consequently, 
with recently published evidence [6, 9], the 
number of studies in our analysis on red or pro-
cessed meat intake and bladder cancer includ-
ed was more than the previous meta-analysis, 
and potentially providing a stable and credit-
able result. Still, the findings of the two meta-
analyses on processed meat intake and blad-
der cancer are consistent. However, the 
completely novel finding of our analysis com-
pared with the meta-analysis by Wang et al. [8] 
was an absence of an association between 
high intake of red meat and bladder cancer 
incidence, whereas Wang et al. reported an 
elevated risk of bladder cancer (SRRE=1.07, 
95% CI: 1.02-1.34, P-value for heterogeneity = 
0.027) [ 8].

Substantial heterogeneity was observed in our 
analysis and Wang et al.’s [8] meta-analysis. 
Not surprisingly, analytical comparisons of red 
or processed meat intake vary much across 
included studies and different units were used 
(g/d, times/d, frequency/wk, times/mon and 
servings/wk). Those variabilities may, to some 
extent, contribute to the observed heterogene-
ity. In this present study, little heterogeneity 
was observed among cohort studies and stud-
ies conducted in Europe regarding processed 
meat intake. The differences in study design 
and geographical region might explain propor-
tions of the observed heterogeneity between 
the individual studies. The pooled results from 
other subgroups were heterogeneous. However, 
we did not detect evident publication bias in 
our meta-analysis based on Egger’s and Begg’s 
tests.

Overall, most summary associations for red 
meat were not statistically significant; more-
over, significant association was observed 
between processed meat intake and bladder 
cancer and many of the pooled results were 
positive. The highest intake of processed meat 
probably increased by 22% risk of bladder can-
cer compared with the lowest intake. Processed 
meat is a mixed category of meats that are pre-
served by a variety of mechanical, chemical or 
enzymatic procedures. Nitrate and nitrite are 
used in meat products [11]. Concerning signifi-
cant association between processed meat 
intake and risk of bladder cancer, one key 
hypothesis for bladder carcinogenesis involves 
nitrate and nitrite compounds added to pro-
cessed meat for preservation and enhance-

ment of color and flavor. Nitrate and nitrite are 
precursors to N-nitroso compounds (NOCs), 
which induce tumors in many organs, including 
the bladder, in multiple animal species [29]. 
Additional NOC formation can also occur direct-
ly in the bladder when bacterial infection 
occurs. The N-nitrosamides and N-nitrosoureas 
have been shown to be direct mutagens [29, 
30].

In the subgroup analysis by geographical 
region, we found a significant increase in breast 
cancer risk with intake of red and processed 
meat in the American continent. Of note, these 
positive associations are mainly driven by find-
ings in Uruguay. The stronger summary effects 
in Uruguay may be attributed to the Uruguayan 
diet characterized by a low intake of fruits, veg-
etables and whole grains and by the highest 
per capita meat consumption in the world [2]. 
However, the definite underlying mechanism 
involved in the association between red and 
processed meat intake and rising risk of blad-
der cancer in the American population is 
uncertain.

Our study has several limitations that need to 
be considered when interpreting our findings. 
First, the definitions of red or processed meat, 
categories of exposure, and analytical compari-
sons vary differently in individual inlcuded stud-
ies. Second, because diet in the majority of 
studies was assessed by food frequency ques-
tionnaires (FFQs) to ascertain dietary informa-
tion pertaining to meat consumption, though 
the number of food items in the FFQs varied 
across studies, some measurement error of 
meat intake assessment is inevitable. Third, 
though evident publication bias was not detect-
ed by Egger’s and Begg’s tests, we could not 
rule it out because these tests were underpow-
ered. An additional limitation is that genetic 
factors were not considered in risk assessment 
in most studies. We could not preclude the pos-
sibility that it may affect the association.

In conclusion, our findings based on 1,558,848 
participants showed that red meat intake is not 
associated with bladder cancer, but suggested 
that high consumption of processed meat prob-
ably correlated with rising risk of bladder can-
cer. In addition, positive relationships were 
observed regarding people intake of red and 
processed meat in the American continent. 
These findings need to be confirmed in future 
research.
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