
© 2017 The Korean Academy of Medical Sciences.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1011-8934
eISSN 1598-6357

Effects of Vitamin and Antioxidant Supplements in Prevention of 
Bladder Cancer: a Meta-Analysis of Randomized Controlled 
Trials

This study aimed to investigate the effects of vitamin and antioxidant supplements in the 
prevention of bladder cancer using a meta-analysis of randomized controlled trials (RCTs). 
Fourteen RCTs were included in the final analysis. In a fixed-effect meta-analysis, vitamin 
and antioxidant supplements showed no preventive effect for bladder cancer (relative risk 
[RR] = 1.04; 95% confidence interval [CI] 0.92–1.17; I2 = 39.7%). Also, there was no 
preventive effect of these supplements in the subgroup meta-analyses by various factors 
such as type of supplements, type of cancer prevention, methodological quality, providers 
of supplements, type of control group, and number of participants. Among the subgroup 
analyses by type of supplements, beta-carotene supplementation alone marginally 
increased the risk of bladder cancer (RR = 1.44; 95% CI 1.00–2.09; I2 = 0.0%; n = 3). The 
current meta-analysis found that vitamin and antioxidant supplements have no preventive 
effect against bladder cancer.
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INTRODUCTION

There were an estimated 429,000 new cases and 165,000 deaths 
of bladder cancer in 2012 worldwide, ranking the ninth among 
the most common cancers (1). Bladder cancer is more com-
mon in developed countries than underdeveloped ones and 
develops in men more than in women (2).
  There are several risk factors for the development of bladder 
cancer, such as cigarette smoking, chronic bladder Schistosoma 
infection, and occupational exposures (3,4). Previous observa-
tional studies suggested that the intake of fruits and vegetables 
was associated with a reduced risk of bladder cancer (5,6). A re-
cent meta-analysis also reported that there was an inverse as-
sociation between the consumption of fruits and vegetables 
and the bladder cancer risk (7). Vegetables and fruits are rich in 
various vitamins or antioxidants, which may have anticarcino-
genic activities by inhibition of oxidative stress and inflamma-
tion (8).
  Recently, several randomized controlled trials (RCTs) (9-22) 
reported the association between the use of vitamin or antioxi-
dant supplements and the risk of bladder cancer. However, those 

findings remain inconsistent, and some studies even reported 
that vitamin and antioxidant supplements increased the risk of 
bladder cancer (15).
  This study aimed to investigate the preventive effect of vita-
min and antioxidant supplements on bladder cancer by using a 
meta-analysis of RCTs according to various factors such as type 
of cancer prevention, type of vitamin or antioxidant supplements, 
dose of supplements, methodological quality of studies, provid-
ers of supplements, and type of control group.
 

MATERIALS AND METHODS

Literature search
We searched PubMed, EMBASE, and the Cochrane Library in 
April 2015 first, by using common keywords related to the use 
of vitamin or antioxidant supplements and the risk of bladder 
cancer in RCTs. Additionally, in July 2016, we searched addition-
al RCTs. The keywords were as follows: ‘vitamin,’ ‘antioxidant,’ 
‘vitamin A,’ ‘retinol,’ ‘retinal,’ ‘retinoic acid,’ ‘retinoid,’ ‘tretinoin,’ 
‘fenretinide,’ ‘etretinate,’ ‘acitretin,’ ‘beta-carotene,’ ‘vitamin B,’ 
‘vitamin B1,’ ‘vitamin B2,’ ‘vitamin B3,’ ‘vitamin B5,’ ‘vitamin B6,’ 
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‘vitamin B7,’ ‘vitamin B9,’ ‘vitamin B12,’ ‘thiamine,’ ‘riboflavin,’ 
‘niacin,’ ‘nicotinic acid,’ ‘pantothenic acid,’ ‘pyridoxine,’ ‘biotin,’ 
‘folic acid,’ ‘cobalamin,’ ‘vitamin C,’ ‘ascorbic acid,’ ‘vitamin D,’ 
‘vitamin E,’ ‘alpha-tocopherol,’ ‘selenium,’ ‘lipoic acid,’ ‘glutathi-
one,’ ‘catechin,’ ‘isoflavone,’ ‘lycopene,’ ‘resveratrol,’ or ‘coenzyme 
q10,’ and ‘bladder cancer.’ Also, the bibliographies of relevant 
articles were reviewed to locate studies that were not included 
from the database search. There was no restriction to publica-
tion languages.

Selection criteria
We included RCTs that evaluated the efficacy of vitamin or an-
tioxidant supplements for the prevention of bladder cancer. The 
main outcome measure was bladder cancer incidence. We ex-
cluded studies related to etretinate which was removed from 
the market in Canada and USA due to the high risk of birth de-
fects. If the data from the same study were duplicated in more 
than 1 article, we included the first published or largest study.

Selection of relevant studies
Based on the pre-determined selection criteria, 2 evaluators 
(Park SJ and Lee YJ) independently screened all studies searched 
from the databases and bibliographies by reviewing those titles 
and abstracts. When there was a disagreement between evalu-
ators concerning the inclusion of studies, we discussed and rea
ched a consensus. We thoroughly reviewed the full texts that 
were selected from the first screening and included the studies 
meeting the selection criteria in the final analysis.

Assessment of methodological quality
We assessed the methodological quality of the trials based on 
the Jadad scale (23). This scale includes points for randomiza-
tion (mentioned as randomized, 1 point; if the randomization 
is appropriate, e.g., table of random numbers or computer-gen-
erated randomization, additional 1 point), double-blind (men-
tioned as double-blind, 1 point; if the blinding is appropriate, 
e.g., masking such as identical placebo, additional 1 point), and 
follow-up (the numbers and reasons for withdrawal in each 
group are described; 1 point) reported in individual RCTs. We 
classified all studies into 2 groups, trials with a score of 2 or less 
as low quality and a score of 3 to 5 as high quality.

Main and subgroup analyses
We investigated the association between the use of vitamin or 
antioxidant supplements and the risk of bladder cancer. Addi-
tionally, we performed subgroup meta-analyses according to 
type and dose of vitamin or antioxidant supplements; type of 
cancer prevention (primary prevention in subjects without a 
history of bladder cancer or secondary prevention in bladder 
cancer survivors); methodological quality of study (high vs. low); 
duration of treatment (< 5 years vs. ≥ 5 years); providers of sup-

plements (pharmaceutical industry vs. non-pharmaceutical in-
dustry); type of control (placebo vs. no treatment); number of 
participants (< 10,000 vs. ≥ 10,000).

Statistical analysis
We used both the fixed-effect model and random-effects mod-
els in order to estimate the pooled relative risk (RR) with its 95% 
confidence interval (CI). Higgins I2 was calculated to assess het-
erogeneity across studies. Higgins I2 means the percentage of 
total variation across trials (24). I2 was calculated as follows:
  I2 = 100% × (Q–df)/Q,
where Q is Cochran’s heterogeneity statistic, and df indicates 
the degrees of freedom. Negative values of I2 are put equal to 0. 
Therefore, I2 ranges between 0% (no observed heterogeneity) 
and 100% (maximal heterogeneity). An I2 value greater than 50% 
was considered as having substantial heterogeneity. When sub-
stantial heterogeneity was not found, we reported the pooled 
RR with its 95% CI based on the fixed-effect model; when sub-
stantial heterogeneity was found, we reported that based on the 
random-effects model.
  Publication bias was evaluated by using Begg’s funnel plot 
and Egger’s test. When Begg’s funnel plot shows asymmetry or 
P value from Egger’s test is less than 0.05, it is considered that 
publication bias exists. Stata SE version 12.1 software package 
(StataCorp., College Station, TX, USA) was used for all statistical 
analyses.
 

RESULTS

Identification of studies
Fig. 1 shows a flow diagram for identifying relevant trials. By the 
searches of 3 databases and relevant bibliographies, a total of 

Fig. 1. Flow diagram for identification of relevant clinical trials.

Identified studies from the databases using keywords and bibliographies of 
relevant articles (n = 180): 

PubMed (n = 46), EMBASE (n = 67), Cochrane Library (n = 58), and 
bibliographies (n = 9)

Articles remaining after excluding duplicates (n = 125) 

Remaining articles (n = 22), full text review

Trials included in the final analysis (n = 14)

 Exclude duplicate articles (n = 55)  

Exclude according to selection criteria (n = 103)

Excluded articles (n = 8):
   Insufficient data (n = 5) 
   Supplements removed from market due to side  
      effect (n = 3)
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180 articles were identified. During the first screening, we ex-
cluded 55 duplicate articles and 103 articles not meeting the se-
lection criteria. After reviewing the full text of the remaining 22 
articles, we excluded 8 articles because of insufficient data (n = 5) 
and the use of etretinate supplements removed from market 
due to the high risk of birth defects (n = 3). A total of 14 RCTs (9-
22) were included in the final analysis.

Characteristics of selected studies
A total of 14 RCTs included 147,383 participants, which involved 
89,972 in the supplement group and 57,411 in the control group. 
Table 1 shows the main characteristics of the selected RCTs. The 
studies were published between 1977 and 2012, spanning 35 
years. They were conducted in the following countries: USA (n = 8), 
Italy (n = 2), Canada (n = 1), Finland (n = 1), Iran (n = 1), and 
US/Canada/Puerto Rico (n = 1). The supplementation and fol-
low-up periods ranged between 1 and 13 years. Among the 14 
trials, 8 trials were primary prevention trials (male smokers [11], 
people with high risk of developing lung cancer [12], general pop-
ulations [13,21], male physicians [15], patients with nonmela-
noma skin cancer [16], and patients with stage I or II squamous 
head and neck cancer [17,18]), and the other 6 trials were sec-
ondary prevention trials (bladder cancer survivors). The sample 
size of the trials ranged from 46 to 39,876. Eleven of these stud-
ies used a placebo group as a control (2 studies used recommend
ed daily allowance [RDA] multivitamins as placebo [10,20]), and 
3 studies used a control group without a placebo (14,17,22). In 
all trials, vitamins, antioxidants, and placebos were administered 
orally either singly or in combination. The types of vitamin and 
antioxidant supplements were as follows: vitamin A, vitamin 
B6, vitamin C, vitamin D, vitamin E, beta-carotene, folic acid, 
and selenium. The dosage regimens in individual trials were as 
follows: vitamin A (200 mg or 25,000, 36,000, or 40,000 IU daily), 

vitamin B6 (25 or 100 mg daily), vitamin C (2,000 mg daily), vita-
min D (1,600 IU daily), vitamin E (50 mg or 400 IU daily), beta-
carotene (20 or 30 mg daily; 50 mg alternate day; 75 mg daily for 
3-month cycles), folic acid (1.6 mg daily), and selenium (200 μg 
daily).

Methodological quality
Table 2 shows the methodological quality of trials assessed by 
using the Jadad scale. Twelve studies were considered as hav-
ing a high quality, receiving a total of 3 points or more, whereas 
the remaining 2 studies receiving 2 points were considered as 
having a low quality.

Main analysis
The fixed-effect meta-analysis of all 14 trials showed that vita-
min or antioxidant supplementation was not associated with 
the risk of bladder cancer (RR = 1.04; 95% CI 0.92–1.17; I2 = 39.7%) 
(Fig. 2). Publication bias was not observed (Begg’s funnel plot, 
symmetrical; Egger’s test, P for bias = 0.378) (Fig. 3).

Subgroup meta-analyses
Table 3 presents the findings from the subgroup meta-analyses 
according to various factors. Regarding types of supplements, 
any type of vitamin and antioxidant supplements had no bene-
ficial effect on the risk of bladder cancer: vitamin A (RR = 0.86; 
95% CI 0.65–1.13; I2 = 61.7%; n = 5), vitamin B6 (RR = 0.77; 95% 
CI 0.49–1.20; I2 = 78.8%; n = 3), vitamin C (RR = 0.74; 95% CI 
0.36–1.54; I2 = 88.8%; n = 2), vitamin D (RR = 1.05; 95% CI 0.85–
1.29; n = 1), vitamin E (RR = 0.91; 95% CI 0.69–1.19; I2 = 60.9%; 
n = 6), beta-carotene (RR = 1.19; 95% CI 0.96–1.46; I2 = 0.0%; 
n = 6), folate (RR = 1.05; 95% CI 0.85–1.29; n = 1), and selenium 
(RR = 1.09; 95% CI 0.81–1.46; I2 = 0.0%; n = 2).
  Overall, there was no significant effect of vitamin and antiox-

Table 2. Methodological quality of trials based on the Jadad scale (n = 14)

No.
Source  

(project name)
Randomization

Description of ran-
domization methods

Double-blind
Using identical  

placebo
Follow-up  
reporting

Total  
score

  1 1977 Byar and Blackard 1 0 0 0 1 2
  2 1994 Lamm et al. 1 1 1 1 1 5
  3 1994 ATBC 1 1 1 1 1 5
  4 1996 CARET 1 0 1 1 1 4
  5 1999 WHS 1 1 1 1 1 5
  6 2000 Decensi et al. 1 1 1 0 1 4
  7 2000 PHS 1 0 1 1 1 4
  8 2002 NPC 1 1 1 1 1 5
  9 2003 IHNCSG 1 1 0 0 1 3
10 2005 Bairati et al. 1 1 1 1 1 5
11 2008 Sabichi et al. 1 1 1 1 1 5
12 2010 Nepple et al. 1 1 1 1 1 5
13 2012 SELECT 1 1 1 1 1 5
14 2012 Mazdak and Zia 1 0 0 0 1 2

ATBC = the Alpha-tocopherol Beta-carotene Cancer Prevention Study, CARET = the Beta-Carotene and Retinol Efficacy Trial, WHS = the Women’s Health Study, PHS = the Phy
sicians’ Health Study, NPC = Nutritional Prevention of Cancer, IHNCSG = the Italian Head and Neck Chemoprevention Study Group, SELECT = Selenium and Vitamin E Cancer 
Prevention Trials.
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ity RCTs among those trials (RR = 0.78; 95% CI 0.53–1.15; I2 = 0.0%; 
n = 2).
 

DISCUSSION

The present meta-analysis of RCTs found that overall, there was 
no preventive effect of vitamin or antioxidant supplements on 
bladder cancer. Furthermore, no association was found in the 
subgroup meta-analyses by type and dose of supplements, type 
of cancer prevention, methodological quality, duration of treat-
ment, providers of supplements, type of control, and number of 
participants in individual trials.
  The findings of our meta-analysis are inconsistent with those 
from the previous in vitro laboratory or in vivo animal studies 
regarding the association between vitamins or antioxidants and 
the development of bladder cancer (25-27). This advocates that 
the findings of the preclinical experimental studies may not rep-
resent the biological processes in humans (28).
  Such a discrepancy is also found between the meta-analyses 
of observational epidemiologic studies and those of RCTs. The 
meta-analyses of observational studies reported the use of vita-
min A, vitamin C, vitamin D, vitamin E, folate, and selenium 
was associated with a lower risk of bladder cancer (29-32). Also, 
ours are inconsistent with another meta-analysis reporting that 
the intake of vegetables and fruits rich in vitamin and antioxi-
dant may significantly prevent the development of bladder can-

Fig. 2. Efficacy of vitamin and antioxidant supplements in the prevention of bladder cancer by a fixed-effect model meta-analysis of randomized controlled trials. 
RR = relative risk, CI = confidence interval, RCT = randomized controlled trial.
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Fig. 2. Efficacy of vitamin and antioxidant supplements in the prevention of bladder cancer by a fixed-effect 
model meta-analysis of randomized controlled trials. RR, relative risk; CI, confidence interval.
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Fig. 3. Funnel plots and egger’s test for identifying publication bias (P = 0.393) in a 
meta-analysis of trials (n = 13). 
RR = relative risk, SE = standard error.

Lo
gR

R

SE of Log RR

   0	 0.2	 0.4	 0.6

1

0

-1

idant supplements in the subgroup meta-analyses by various 
factors such as dose of supplements, type of cancer prevention, 
methodological quality, duration of treatment, provider of sup-
plements, type of control, and number of participants. Howev-
er, the risk of bladder cancer was marginally increased in trials 
with the use of beta-carotene alone (RR = 1.44; 95% CI 1.00–2.09; 
I2 = 0.0%; n = 3). There was a preventive effect in trials not sup-
plied with supplements by pharmaceutical industry (RR = 0.75; 
95% CI 0.57–0.99; I2 = 0.0%; n = 4). However, those beneficial 
effects disappeared in the subgroup meta-analysis of high qual-
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Table 3. Efficacy of vitamin and antioxidant supplements in the prevention of bladder cancer in subgroup meta-analyses

Factors No. of trials RR (95% CI) Heterogeneity, I2, % Model

All 14 1.04 (0.92–1.17) 39.7 Fixed-effects
Type of supplements
   Vitamin A 5 0.86 (0.65–1.13) 61.7 Random-effects
      Vitamin A (25,000–40,000 IU) 3 0.85 (0.54–1.34) 79.0 Random-effects
      Fenretinide (200 mg/day) 2 0.85 (0.63–1.16) 0.0 Fixed-effects
   Vitamin B6 3 0.77 (0.49–1.20) 78.8 Random-effects
      Low dose (25 mg/day) 2 1.00 (0.83–1.21) 34.8 Fixed-effects
      High dose (100 mg/day) 1 0.50 (0.32–0.78) NA NA
   Vitamin C 2 0.74 (0.36–1.54) 88.8 Random-effects
   Vitamin D 1 1.05 (0.85–1.29) NA NA
   Vitamin E 6 0.91 (0.69–1.19) 60.9 Random-effects
      Low dose (50 mg/day) 1 1.09 (0.80–1.50) NA NA
      High dose (400 IU/day) 5 0.84 (0.58–1.22) 67.0 Random-effects
   Beta-carotene 6 1.19 (0.96–1.46) 0.0 Fixed-effects
      Low dose (20–30 mg/day) 5 1.18 (0.96–1.45) 0.0 Fixed-effects
      High dose (75 mg/day) 1 3.17 (0.13–76.99) NA NA
      Beta-carotene alone 3 1.44 (1.00–2.09) 0.0 Fixed-effects
   Folic acid 1 1.05 (0.85–1.29) NA NA
   Selenium 2 1.09 (0.81–1.46) 0.0 Fixed-effects
Type of cancer prevention
   Primary 8 1.18 (0.99–1.41) 0.0 Fixed-effects
   Secondary 6 0.79 (0.62–1.02) 54.1 Random-effects
Methodological quality
   High quality 12 1.06 (0.94–1.20) 41.1 Fixed-effects
   Low quality 2 0.71 (0.47–1.07) 0.0 Fixed-effects
Duration of treatment
  < 5 11 0.96 (0.84–1.10) 33.5 Fixed-effects
  ≥ 5 3 1.22 (0.97–1.55) 0.0 Fixed-effects
Provider of supplements
   Pharmaceutical 10 1.09 (0.95–1.24) 44.9 Fixed-effects
   Non-pharmaceutical 4 0.75 (0.57–0.99) 0.0 Fixed-effects
      High quality 2 0.78 (0.53–1.15) 0.0 Fixed-effects
      Low quality 2 0.71 (0.47–1.07) 0.0 Fixed-effects
Type of control
   No treatment 3 0.75 (0.52–1.09) 0.0 Fixed-effects
   Placebo 11 1.06 (0.94–1.20) 43.6 Fixed-effects
No. of participants in each trial 
  < 10,000 9 0.92 (0.79–1.07) 40.7 Fixed-effects
  ≥ 10,000 5 1.16 (0.97–1.39) 0.0 Fixed-effects

NA = not applicable, RR = relative risk.

cer (7). There are several possible explanations for this discrep-
ancy. First, there might be differences in absorptions and func-
tions between natural and synthetic vitamins or antioxidants. 
For example, synthetic beta-carotene is made of only all-trans 
beta-carotene, whereas natural beta-carotene includes both 
all-trans beta-carotene and 9-cis beta-carotene. Consequently, 
there is a difference in absorption between natural and synthet-
ic forms of beta-carotene (33). Second, there are some impor-
tant biases in case-control and cohort studies. In general, case-
control studies are prone to recall bias due to the use of retro-
spective assessment. Patients with bladder cancer might recall 
wrongly their diet, and healthy controls might report a healthy 
diet (34). Also, cases or controls are not representative of their 
population, thereby selection bias could affect the results. Al-

though cohort studies are less prone to biases than case-control 
studies, they are unable to confirm the causality. Furthermore, 
vitamin or antioxidant supplements in the RCTs are not equiva-
lent to the consumption of fruits and vegetables in observation 
epidemiological studies, which also contain other micronutri-
ents and antioxidants. Preventive effects of vitamins or antioxi-
dants might be attributable to a combination of those with vari-
ous nutrients.
  Interestingly, we found that the use of beta-carotene supple-
ments alone was marginally significantly associated with an in-
creased risk of bladder cancer. This finding is similar to those 
from the previous meta-analyses (35,36). Regarding this find-
ing, there are plausible biological mechanisms. Beta-carotene 
can serve as an antioxidant or a prooxidant according to intrin-
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sic properties or biological environments in which it acts (37). 
Beta-carotene may increase the prooxidant character under 
chronic oxidative stress such as smoking (38). The carotenoid 
could exhibit an increase in DNA oxidative damage and modify 
cell proliferation and apoptosis in cells exposed to toxin; it might 
eventually lead to cancer (39). Although we are unable to con-
firm this effect due to a paucity of data, our analysis supports 
previous findings regarding the association between the use of 
beta-carotene supplements and mortality (40).
  Also, we found that there was a preventive effect in trials with 
supplements not provided by the pharmaceutical industry. How-
ever, beneficial effects were not observed when we performed 
the subgroup meta-analysis of high quality RCTs within its cat-
egory.
  Our study has several limitations. First, the included trials in 
our study involved only synthetic vitamin and antioxidant sup-
plements. Thus, our findings could not be applicable to natural 
vitamins or antioxidants occurring in fruits and vegetables. Sec-
ond, we were unable to investigate whether vitamin and anti-
oxidant supplements are beneficial in the prevention of blad-
der cancer among people who are deficient in vitamins or anti-
oxidants. Further RCTs are required to evaluate this association. 
Last, we assessed the methodological quality of individual trials 
by only using the data shown in each article. Therefore, we might 
not have assessed the actual performance or biases in individu-
al trials.
  In conclusion, we found that vitamin and antioxidant supple-
ments have no overall preventive effect against bladder cancer 
in the meta-analysis of RCTs. Instead, subgroup meta-analyses 
showed that beta-carotene supplementation marginally incre
ased the risk of bladder cancer. Even though further large, high-
quality trials are required to confirm these associations, the ef-
fects (either beneficial or harmful) of vitamin or antioxidant sup-
plements on bladder cancer should not be overemphasized.
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