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Abstract: Epidemiologic studies that investigate whether vitamin C and E intake protects against bladder cancer 
have yielded inconsistent results. We conducted a systematic review and meta-analysis of published cohort and 
case-control studies to summarize the epidemiologic evidence investigating vitamin C and E intake and bladder 
cancer. Studies were identified through a search of PubMed and Embase databases and of references from rel-
evant publications. Meta-analyses were conducted to estimate summary risk estimates (REs) and 95% confidence 
intervals (CIs) for vitamin C and E intake using fixed- or random-effects model depending on the heterogeneity of the 
studies. Subgroup analyses were performed according to study design, sex, geographical regions and source of vita-
mins intake. The summary REs of bladder cancer for all published studies was 0.90 (95% CI, 0.79-1.00) and 0.82 
(95% CI, 0.72-0.90) for vitamin C and E intake, respectively, with no evidence of between-study heterogeneity for 
vitamin E, but some heterogeneity for vitamin C intake. Although some of the summary effects were non-significant, 
subgroup analyses showed that these inverse relationships were not modified by study design, sex, geographical 
regions and source of vitamins intake for vitamin E intake. Our results indicated that high intake of vitamin E could 
reduce bladder cancer risk. However, the inverse association between vitamin C and bladder cancer seemed to be 
limited. Further studies using larger samples and a rigorous methodology are warranted.
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Introduction 

Bladder cancer ranks as the seventh common 
cancer among men with an estimated 386,300 
new cases and 150,200 deaths worldly in 
2008 worldwide [1]. It has the highest lifetime 
treatment costs per patient of all cancers due 
to its high recurrence rate, long-term survival 
rate, and costs associated with disease surveil-
lance and treatment [2, 3]. Thus, identifying 
risk factors of bladder cancer could potentially 
be life-saving, and reduce the health economic 
burden. Environmental factors, particularly 
dietary factors, have been postulated to play 
important roles in the etiology of bladder can-
cer [4]. Some epidemiologic studies have sug-
gested that vegetable and fruit consumption 
may protect against bladder cancer [5-8]. There 
are many candidate agents in fruits and vegeta-
bles that influence bladder cancer risk, includ-
ing vitamin C, vitamin E, carotenoids and folate. 
A number of epidemiological studies have in- 

vestigated the relationships between vitamins 
C and E, both antioxidants, and the risk of blad-
der cancer, but the results are conflicting. In the 
present study, we assessed the influence of the 
intake of vitamin C and E on bladder cancer risk 
by meta-analysis of published epidemiological 
studies.

Materials and methods

Search strategy

This systematic review was planned, conduct-
ed, and reported in adherence to the standards 
of quality for reporting meta-analyses [9]. We 
conducted a literature search using PubMed 
and Embase databases to April 2014 with the 
following keywords: (“vitamin C” or “vitamin E” 
or “ascorbic acid” or tocopherol) and (“bladder 
cancer” or “urothelial cancer” or “urinary tract 
cancer” or “urinary bladder neoplasms” [MeSH 
Terms]). Additional articles were obtained from 
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the reference lists of the selected articles and 
reviews. 

Selection criteria

Studies were only included if they met the fol-
lowing criteria: (1) had a case-control or pro-
spective study design; (2) reported results on 
vitamin C or vitamin E intake; (3) the outcome 
was bladder cancer or urothelial cancer inci-
dence; (4) Sufficient information was provided 
to estimate the relative risk (RR) or odds ratio 
(OR) and 95% confidence intervals (95% CI) 
adjusted for at least age, sex, and smoking. 
Papers were restricted to human studies pub-
lished in English. For articles with same popula-
tion resources or overlapping datasets, the 
largest or most recent one was included.

Data extraction 

The following information were collected: the 
first author, year of publication, country in which 
the study was performed, study design, years 
of follow-up or the study period, study partici-
pants sex and age range, number of subjects 
and cases, anatomical site of the neoplasm, 
research contents, study quality, and adjusted 
covariates. If a study provided several risk esti-
mates (REs), the most completely adjusted 

estimate was extracted. If results were report-
ed for both dietary and total vitamins intake 
(foods and supplements combined), we used 
the results for total vitamins in the main analy-
sis. Data extraction was conducted indepen-
dently by two authors (Y.Y.W and X.L.W) using a 
predefined data collection form. The discrepan-
cies were resolved by consensus.

Study quality assessment

The study quality was assessed using the 
9-star Newcastle-Ottawa Scale, a validated 
technique for assessing the quality of non-ran-
domized studies in meta-analyses. (http://
www.ohri.ca/programs/clinical_epidemiology/
oxford.asp). A quality score was calculated 
based on three major components: selection of 
the groups of study, comparability, and assess-
ment of the outcome or exposure. The maxi-
mum score could be 9 points, representing the 
highest methodological quality. We assigned 
scores of < 7 and ≥ 7 for low- and high-quality 
studies, respectively.

Statistical analysis

We estimated a summary RE with 95% CI based 
on fixed- or random-effects model depending 
on the heterogeneity of the analysis. Statistical 

Figure 1. Flowchart of study identifying and including trials.
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Table 1. Study characteristics of published cohort and case-control studies on vitamin C and E and bladder cancer
Authors and 
publication year

Study 
design

Coun-
try Study period Sex Age Cases/ 

subjects
Anatomical 

site 
Parameters  
examined

Study 
quality* Variables of adjustment

Risch et al. 1988 PCC Canada 1977-1982 M/W 35-79 826/1618 Bladder Vitamin C: diet 7 Age, sex, area of residence, smoking, and history of 
diabetes

Steineck et al. 
1990

PCC Sweden 1985-1987 M/W 40-74 418/929 Urothelium Vitamin C: diet and supplement 7 Age, sex, and smoking

Nomura et al. 
1991

PCC USA 1977-1986 M/W 30-93 261/783 Urothelium Vitamin C: diet, supplement and total 8 Age, sex, ethics, and smoking

Riboli et al. 1991 PCC Spain 1985-1986 M < 80 432/1224 Bladder Vitamin C: diet
Vitamin E: diet

8 Age, sex, smoking, and total calories

Shibata et al. 
1992

Cohort USA 1981-1989 M 65-84 71/70159 Bladder Vitamin C: diet and supplement
Vitamin E: supplement 

5 Age and smoking

Bruemmer et al. 
996

PCC USA 1981-1984 M/W 45-65 262/667 Bladder Vitamin C: diet, supplement and total 
Vitamin E: diet, supplement and total

8 Age, sex, county, smoking, and calories

Michand et al. 
2000

Cohort USA 1986-1998 M 40-75 320/51529 Bladder Vitamin C: supplement and total 
Vitamin E: supplement and total

7 Age, energy, pack-years of smoking history, current 
smoking status, geographic region of the United 
States, cruciferous vegetable intake, and total fluid 
intake

Wakai et al. 2000 HCC Japan 1996-1999 M/W 20-99 297/692 Bladder Vitamin C: diet and total 
Vitamin E: diet and total

6 Age, sex, and smoking and occupational history as a 
cook

Zeegers et al. 
2001

Cohort Nether-
lands

1986-1992 M/W 55-69 569/3692 Urinary tract Vitamin C: total 
Vitamin E: total

8 Age, sex, cigarette smoking amount and cigarette 
smoking duration

Michand et al. 
2002

Cohort Finland 1985-1998 M 50-69 344/27111 Bladder Vitamin C: diet
Vitamin E: diet

7 Age, duration of smoking, smoking dose, total energy, 
and trial intervention

Castelao et al. 
2004

PCC USA 1987-1996 M/W 25-64 1592/3184 Bladder Vitamin C: diet 8 Age, sex, education, number of cigarettes smoked per 
day, number of years of smoking, smoking status, life-
time use of nonsteroidal anti-inflammatory drugs, and 
number of years employed as a hairdresser/barber

Holick et al. 2005 Cohort USA 1980-2000 W 30-55 237/88796 Bladder Vitamin C: total 
Vitamin E: total

7 Age, pack-years of cigarette smoking, current smoking, 
and total caloric intake

Kellen et al. 2006 PCC Belgium 1999-2004 M/W Not men-
tioned

178/540 Bladder Vitamin C: diet
Vitamin E: diet

7 Sex, age, smoking status, number of cigarettes 
smoked per day, number of years smoking and oc-
cupational exposure to PAH or aromatic amines, total 
fruit and vegetable consumption, intake of vitamin E 
and C and TAS

Garcı´a-Closas et 
al. 2007

HCC Spain 1998-2001 M/W Not men-
tioned

912/1789 Bladder Vitamin C: diet
Vitamin E: diet

6 Age, gender, region, smoking status and duration of 
smoking 

Roswall et al. 
2009

Cohort Den-
mark

1993-2006 M/W 50-64 322/55557 Urothelium Vitamin C: diet, supplement and total 
Vitamin E: diet, supplement and total

8 Age, intake of vitamin C, vitamin E, and beta-carotene, 
smoking status, smoking duration, smoking intensity, 
passive smoking, and work exposure

Brinkman et al. 
2010

PCC USA 1997-2001 M/W 25-74 322/561 Bladder Vitamin C: total
Vitamin E: total

8 Age, sex, smoking status, and total energy intake 

Hotaling et al. 
2011

Cohort USA 2000-2007 M/W 50-76 330/77050 Bladder Vitamin C: supplement
Vitamin E: supplement

8 Age, sex, race, education, family history of bladder can-
cer, smoking status/recency of smoking, pack-years of 
smoking, servings per day of fruits, and servings per 
day of vegetables
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Wu et al. 2012 PCC USA 2001-2004 M/W 30-79 1418/2589 Bladder Vitamin C: diet
Vitamin E: diet

8 Age, gender, region, race, Hispanic status, smoking 
status, usual BMI, and total energy 

Ros et al. 2012 Cohort 
(nested)

Eurpoe 1990-2005 M/W 25-70 856/1712 Urothelium Vitamin C: diet 8 Age at blood collection, study center, sex, date of blood 
collection, time of blood collection, and fasting status 
and further adjusted for smoking status, duration, and 
intensity

Park et al. 2013 Cohort USA 1993-2007 M/W 45-75 581/185885 Bladder Vitamin C: diet
Vitamin E: diet

8 Age, ethnicity, total energy intake, family history, 
employment in a high-risk industry, smoking, number 
of years since quitting, interactions of ethnicity with 
status

FFQ, food-frequency questionnaire; HCC, hospital-based case-control study; PCC, population-based case-control study; *evaluated by 9-star Newcastle-Ottawa Scale.

Table 2. Summary of pooled risk ratios of bladder cancer by study design, sex, geographical region, and source of intake
Subgroup Number of studies Pooled RR (95% CI) Q-test for heterogeneity p value (I2 score) Egger’s test p value Begg’s test p value
Vitamin C 20 0.90 (0.79, 1.00) 0.02 (43.7%) 0.085 0.064
    Cohort studies 9 0.94 (0.81, 1.08) 0.294 (16.6%) 0.67 1
    Case-control studies 11 0.85 (0.69, 1.00) 0.012 (56.0%) 0.041 0.087
    European studies 8 0.93 (0.81, 1.06) 0.206 (27.8%) 0.541 0.711
    US studies 11 0.85 (0.76, 0.95) 0.011 (56.2%) 0. 213 0.07
    Japanese study 1 0.81 (0.49, 1.35)   
    Men 6 0.86 (0.71, 1.01) 0.565 (0) 0.847 1
    Women 3 0.61 (0.25, 0.97) 0.026 (49.6%) 0.67 1
    Diet 11 0.89 (0.75, 1.02) < 0.001 (83.2%) 0.117 0.086
    Supplement 7 0.74 (0.54, 0.93) 0.041 (54.3%) 0.423 0.368
    Diet plus supplement 8 0.82 (0.65, 1.00) 0.015 (41.0%) 0.641 0.536
Vitamin E 15 0.82 (0.74, 0.90) 0.474 (0) 0.534 0.138
    Cohort studies 7 0.85 (0.72, 0.99) 0.262 (21.1%) 0.667 1
    Case-control studies 7 0.80 (0.69, 0.91) 0.6 (0) 0.108 0.133
    European studies 6 0.84 (0.71, 0.98) 0.545 (0) 0.272 0.260
    US studies 8 0.82 (0.71, 0.92) 0.259 (21.5%) 0.280 0.536
    Japanese study 1 0.68 (0.41, 1.12)
    Men 5 0.74 (0.60, 0.88) 0.36 (8.1%) 0.309 0.806
    Women 2 0.83 (0.07, 1.06) 0.008 (85.9%)
    Diet 7 0.78 (0.65, 0.90) 0.583 (0) 0.0321 0.0161

    Supplement 5 0.79 (0.60, 0.97) 0.251 (25.6%) 0.166 0.221
    Diet plus supplement 7 0.81 (0.63, 0.99) 0.129 (39.4%) 0.272 0.764
Abbreviations: CI, confidence interval; US, United States. 1Trim and fill method was used to recalculate the summary RE and the result did not changed, suggesting the stability of 
the analysis.
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heterogeneity among studies was evaluated by 
using the Q [10] and I2 statistics [11]. In the 
sensitivity analysis, one study at a time was 
removed and the rest analyzed to evaluate 
whether the results could have been affected 
significantly by a single study. We also conduct-
ed subgroup analyses according to some char-
acteristics of the studies-sex (male, female), 
geographical area (European countries, United 
States, Japan), and source of vitamin intake 
(foods, supplements, foods and supplements 
combined). We assessed publication bias using 
the tests of Egger [12] and Begg [13]. The influ-
ence of potential publication bias on risk esti-
mates was further evaluated by implementing 
the Duval and Tweedie nonparametric “trim-
and-fill” method [14]. All statistical analyses 
were performed with Stata software, version 
11 (Stata Corp, College Station, Texas). p < 
0.05 was considered statistically significant.

Results

Figure 1 gives the flowchart for selection of 
articles. We identified a total of 570 articles 
(412 from Embase and 158 from Medline) by 
searching the databases. 549 articles were 
excluded by examining their titles and abstracts 
and 21 were given a more detailed assessment 
[5, 15-34]. Additional 11 articles were retrieved 
from reference lists or other sources [35-45]. 
Of these 32 articles [5, 15-45], 12 were exclud-

ed because 7 studies did not provide risk esti-
mates or 95% CI of bladder cancer associated 
with vitamin C or E intake [27, 29, 33-36, 39], 3 
measured serum or plasma vitamins levels [20, 
22, 24], 1 evaluated the mortality of bladder 
cancer [41], and 2 studies shared the same 
population [26, 43]. Finally, we identified 20 
studies that were eligible for inclusion in the 
meta-analysis [5, 15-19, 21, 23, 25, 26, 28, 
30-32, 37, 38, 40, 42, 44, 45]. The 20 included 
studies represented 9 cohort [15-17, 19, 25, 
26, 28, 30, 42] and 11 case-control studies [5, 
18, 21, 23, 31, 32, 37, 38, 40, 44, 45]. The 
study quality scores, assessed by the 
Newcastle-Ottawa Quality Assessment Scale, 
ranged from 5 to 8 (with a mean of 7.35). 
Details of the included studies are given in 
Table 1. 

As shown in Figure 2A, we observed a signifi-
cantly borderline reduced risk of bladder can-
cer in a random-effects model for subjects with 
high vitamin C intake (RE = 0.90; 95% CI, 0.79-
1.00). There was statistically significant hetero-
geneity among these studies (p = 0.02, I2 = 
43.7%), but no evidence of significant publica-
tion bias either with test of Egger (p = 0.064) or 
Begg’s funnel plot (Figure 3A, p = 0.085). In 
analysis stratified by study design, the summa-
ry RE with 95% CI was 0.85 (95% CI, 0.69-1.00) 
and 0.94 (95% CI, 0.81-1.08) in case-control 
and cohort studies, respectively. There was sta-

Figure 2. Forest plot of the highest compared with the lowest categories of intake of vitamin C (A) and E (B) bladder 
cancer risk.



Vitamin C and E intake and bladder cancer

4159	 Int J Clin Exp Med 2014;7(11):4154-4164

tistically significant heterogeneity among the 
case-control studies (p = 0.012, I2 = 56.0%), 
but no heterogeneity in the cohort studies (p = 
0.294, I2 = 16.6%). In the sensitivity analysis, 

after excluding the study by Bruemmer et al [5], 
which reported the lowest OR, no heterogeneity 
was detected across studies (p = 0.162 for 
case-control studies, p = 0.199 for total stud-

Figure 3. Funnel plot of vitamin C (A) and E (B) intake and bladder cancer risk.
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ies), while the summary RE became non-signifi-
cant for both total studies (RE = 0.92; 95% CI, 
0.83-1.01) and case-control studies (RE = 
0.93; 95% CI, 0.77-1.03). We next pooled the 
REs by sex, geographical region, and source of 
vitamin C intake (Table 2). The REs showed 
vitamin C intake was generally associated with 
a decreased risk of bladder cancer, although 
most of the results were non-significant. When 
subgroup analysis was conducted by geograph-
ical regions, a statistical significant protective 
effect of vitamin C intake on bladder cancer 
was observed in US (RE = 0.85; 95% CI, 0.76-
0.95), but not in Europe (RE = 0.93; 95% CI, 
0.81-1.06) and Japan (RE = 0.81; 95% CI, 0.49-
1.35). Also, a significant decreased association 
was observed among women (RE = 0.61; 95% 
CI, 0.25-0.97), but not in men (RE = 0.86; 95% 
CI, 0.71-1.01). In subgroup analysis by source of 
vitamin C intake, we observed a significantly 
decreased risk of bladder cancer in subjects 
with supplementary intake, but not with dietary 
or dietary plus supplementary intake. 

A forest plot summarizing study-specific and 
summary associations between vitamin E and 
bladder cancer is illustrated in Figure 2B. The 
summary RE for vitamin E and bladder cancer 
for all published studies combined was 0.82 
(95% CI, 0.74-0.90), with no evidence of 
between-study heterogeneity (p = 0.474) or 
publication bias (pEgger’s = 0.534, pBegg’s = 0.138, 
Figure 3B). The summary effect was slightly 
weaker, although still significant, for cohort 
findings (RE = 0.85; 95% CI, 0.72-0.99; p = 
0.262) compared with case-control findings 
(RE = 0.80; 95% CI, 0.69-0.91; p = 0.6). 
Furthermore, the summary effect did not sig-
nificantly change, as shown in Table 2, when we 
conducted separate meta-analyses by sex, 
geographical regions, and source of vitamin E 
intake. All analyses showed significant inverse 
associations except for women and Japanese 
subgroups. 

Discussion 

Previous meta-analysis conducted by Myung et 
al. [46] have demonstrate that vitamin C and E 
intake have a protective effect against cervical 
neoplasm. Consistently, Xu et al’s [47] meta-
analysis suggested that there was an inverse 
association between vitamin C intake and risk 
of colorectal adenoma, the precursor of 
colorectal cancer. The present meta-analysis is 

the most up-to-date comprehensive review of 
vitamin C and E on bladder cancer. It included 
20 observational studies and reported data of 
7,693 bladder cancer cases. Our results sug-
gested that vitamin C and E intake were statis-
tically significantly associated with reduced risk 
of bladder cancer. To our knowledge, this is the 
first meta-analysis assessing the association 
between vitamin C and E intake and risk of 
bladder cancer.

However, the protective association between 
high vitamin C intake and bladder cancer risk 
was limited by borderline risk estimate and the 
cohort studies without significance, although 
the meta-analysis from case-control studies 
suggested an inverse association. Furthermore, 
we detected a significant heterogeneity among 
total studies and case-control studies but not 
in cohort studies. Therefore, a random-effects 
model was chosen over a fixed-effects model 
to determine the pooled risk estimates. 
Sensitivity analysis indicated that the study by 
Bruemmer et al. [5] contributed most to the 
variability among all studies, while other stud-
ies demonstrated a statistical homogeneity (p 
= 0.199). However, omission of this study 
altered the significance of observed protective 
effect. The inverse association was more evi-
dent between vitamin E intake and bladder 
cancer risk. No heterogeneity were detected 
across studies. Also, our subgroup analyses 
show that vitamin E intake is consistently asso-
ciated with reduced bladder cancer risk, irre-
spective of study design, sex, study location, 
and source of vitamin E intake, which further 
confirmed the reliability of the results. The lack 
of significant findings for Japanese and women 
studies are likely due to statistical power limita-
tions given the small number of studies includ-
ed for analysis. 

Several potential mechanisms could explain 
the association between vitamin C and E intake 
and the risk of bladder cancer. Vitamin C is con-
sidered to be one of the most prevalent antioxi-
dative components in fruits and vegetables. It 
has generally been acknowledged that vitamin 
C prevents DNA damage by neutralizing free 
radicals and oxidants, thereby blocking the ini-
tiation of carcinogenesis [48]. Vitamin C was 
also shown to reduce inflammation, indepen-
dently of its antioxidant activity, and slow the 
progression of gastric cancer [49]. However, 
Lee et al. [50] reported that a moderate daily 
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dose of supplementary vitamin C induces the 
formation of genotoxins from lipid hydroperox-
ides, thereby resulting in DNA damage and ini-
tiation of carcinogenesis. Vitamin E has intra-
cellular antioxidant properties [51]. α-toco- 
pherol, the predominant and most active form 
of vitamin E in humans, can also enhance 
immune response, modulate gene expression, 
and inhibit cell proliferation, and cell adhesion 
[52, 53]. α-tocopherol supplementation has 
been found to be significantly associated with 
lower incidence of prostate cancer, and higher 
serum α-tocopherol level was associated with a 
reduced risk of prostate cancer [54, 55]. 

The main strength of the present meta-analysis 
lies in inclusion of all the epidemiological stud-
ies currently available, reporting data of 7,693 
bladder cancer cases. However, several limita-
tions of our review must be acknowledged. 
First, because our analyses were based on 
observational studies, we were not able to 
solve problems with confounding factors that 
could be inherent in the included studies, which 
may bias the results. For instance, although the 
analyses were all adjusted by smoking, con-
founding from smoking may not be completely 
removed. Castelao et al. [23] observed that the 
protective effect of vitamin C on bladder cancer 
was confined largely to ever smokers and were 
stronger in current than ex-smokers, but no 
such effect on never smokers. Liang et al. [20] 
also found that the inverse association between 
plasma a-tocopherol level and bladder cancer 
risk was more evident in ever smokers and 
heavy smokers, suggesting that high antioxi-
dant content of vitamin C or E may reduce the 
oxidative damage caused by cigarette smoking, 
and smokers may benefit more from vitamin C 
or E intake than nonsmokers. However, the lim-
ited number of studies on separate analyses 
for smoking prevented us from performing 
meta-analyses. Second, although we conduct-
ed a comprehensive systematic literature 
search in selected databases, the imbalance 
among the location of the included articles still 
existed. All studies were conducted in devel-
oped countries, and whether the inverse rela-
tionship applies to low-income areas with a 
nutritional deficiency in vitamin C and E intake 
is unknown. Furthermore, the present meta-
analyses included only one studies conducted 
in Asia [40], where people consume a lot of veg-
etables and fruits rich in vitamins. Third, the 
summary estimates from several subgroup 

meta-analyses are based on a small number of 
studies, which might limit the statistical effect 
of the results, and should be interpreted with 
caution. Finally, in this meta-analysis of pub-
lished studies, publication bias could be of con-
cern because we only included studies written 
in English, and small studies with null results 
tend not to be published, though we found no 
evidence of publication bias.

In conclusion, our findings from this meta-anal-
ysis suggest high intake of vitamin E was asso-
ciated with a decreased risk of bladder cancer, 
and the inverse relation between vitamin C and 
bladder cancer risk seemed to be limited 
because of heterogeneity between studies. 
Although the reduced risk is moderate in size, 
our results have important clinical and public 
health significance given that vitamin C and E 
are two most commonly used vitamins around 
the world. More large prospective studies are 
needed to confirm these associations in the 
future.
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