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Background: Previous randomized controlled trials (RCTs) have reported inconsistent findings regarding the asso-
ciation between vitamin C supplementation and the risk of cancer.
Methods: We performed a meta-analysis of RCTs to investigate the efficacy of vitamin C supplements for preven-
tion of cancer. We searched the PubMed, EMBASE, and Cochrane Library databases in November 2014 using com-
mon keywords related to vitamin C supplements and cancer.
Results: Among 785 articles, a total of seven trials were identified, which included 62,619 participants; 31,326 and 
31,293 were randomized to vitamin C supplementation and control or placebo groups, respectively, which were in-
cluded in the final analysis. A fixed-effects meta-analysis of all seven RCTs revealed no significant association be-
tween vitamin C supplementation and cancer (relative risk, 1.00; 95% confidence intervals, 0.95–1.05). Similarly, 
subgroup meta-analysis by dose of vitamin C administered singly or in combination with other supplements, fol-
low-up period, methodological quality, cancer mortality, gender, smoking status, country, and type of cancer also 
showed no efficacy of vitamin C supplementation for cancer prevention.
Conclusion: This meta-analysis shows that there is no evidence to support the use of vitamin C supplements for 
prevention of cancer.
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INTRODUCTION

Previous animal and in vitro studies have indicated that free 
radicals such as reactive oxygen species (ROS) can cause cellu-
lar damage and lead to cancer by altering cellular regulatory 
pathways.1,2) Vitamin C has been considered an antioxidant 
that can prevent ROS-induced cellular damage.3,4) However, 
the efficacy of vitamin C supplements for prevention of cancer 
has been controversial for decades.
  In 1976, a possible therapeutic effect of high-dose vitamin C 
supplementation in 100 patients with advanced cancer was re-
ported in a non-randomized clinical trial by Cameron and Paul-
ing,5,6) compared to a control group of 1,000 untreated and mat
ched patients. However, two subsequent randomized placebo-
controlled trials (RCTs) by Creagan et al.7) and Moertel et al.8) in 
1979 and 1985 reported no beneficial effect of high-dose vita-
min C therapy in patients with advanced cancer.
  Since then, several RCTs have shown inconsistent findings 
regarding the effects of vitamin C supplementation on the risk 
of cancer. In 2006, a systematic review of four RCTs indicated 
that vitamin C supplements did not increase survival in cancer 
patients.9) Similarly, a meta-analysis of several RCTs published 
in 2008 reported that vitamin C supplementation given singly 
or in combination with other antioxidant supplements had no 
effect on the prevention of gastrointestinal cancers.10) Addition-
ally, a meta-analysis by Jiang et al.11) indicated that vitamin C 
supplementation had no significant effect on prevention of pros-
tate cancer. Although additional large RCTs have been publish
ed, no comprehensive meta-analysis on this issue has been re-
ported so far.
  The aim of this study was to perform a meta-analysis of RCTs 
in order to assess the efficacy of vitamin C supplements for can-
cer prevention. Subgroup meta-analyses were also performed 
by vitamin C supplement dose, follow-up period, methodolog-
ical quality, outcome, funding source, gender, smoking status, 
country, and type of cancer.

METHODS

1. Data Search
We searched the PubMed, EMBASE, and Cochrane Library da-
tabases in November 2014, using keywords related to the effi-
cacy of vitamin C supplements for prevention of cancer. The 
keywords were ‘vitamin C’ or ‘ascorbic acid,’ ‘cancer,’ and ‘ran-
domized controlled trials.’ The bibliographies of relevant arti-
cles were also searched. We included only RCTs that both re-
ported the efficacy of vitamin C supplementation on cancer 
prevention and compared an intervention group with a control 
group. The main outcome measures included cancer incidence 
and mortality. We did not restrict the language of publication.

2. Study Selection and Data Acquisition
Two authors (BL and SKM) independently assessed the eligi-
bility of all trials identified from the databases and bibliogra-
phies. Disagreements on study eligibility were resolved by con-
sensus or through consultation with the other author (SWO). 
From the studies selected for the final analysis, we retrieved the 
study name (with first author and year of publication), country, 
study design, duration of supplementation (in years), pharma-
ceutical industry funding, participants (number and underly-
ing conditions), contents of intervention and control, type of 
cancer, and the number of outcomes and participants in each 
group.

3. Assessment of Methodological Quality
To evaluate the methodological quality of the trials, we used 
the Jadad scale, a validated scale for RCTs developed by Jadad 
et al.12) With a total of five points, this scale assigns a point each 
for randomization (1 point if randomization is described; addi-
tional 1 point if randomization process such as table of random 
numbers or computer-generated randomization is described), 
double-blind (1 point if described as double-blind; additional 
1 point if masking such as identical placebo was used), and fol-
low-up (1 point for reporting the numbers and reasons for with-
drawal in each group) in the final report of a randomized con-
trolled trial.12) In assessing the quality, RCTs with scores of 4 or 
less were considered low quality, while scores of 5 were high 
quality.

4. Main and Subgroup Analysis
The main analysis examined the efficacy of vitamin C supple-
ments on cancer incidence or mortality. We also performed 
subgroup meta-analyses by dose of vitamin C ( <500 mg vs. 
≥500 mg), supplement combination (vitamin C only vs. com-
bination with other supplements), follow-up period (<7 years 
vs. ≥7 years), methodological quality (high quality vs. low qual-
ity), outcome (cancer incidence vs. cancer mortality), gender 
(male vs. female), funding source (non-pharmaceutical vs. phar-
maceutical), smoking status (never vs. former vs. current), par-
ticipant nationality (China vs. USA vs. France vs. UK), and type 
of cancer.

5. Statistical Analyses
Trial heterogeneity of were assessed using Higgins I2, which 
measures the total variation across trials for a specific percent-
age. I2 was calculated as follows:

I2 =100%×(Q–df)/Q,
where Q stands for Cochran’s heterogeneity statistic, and df for 
the degrees of freedom. Negative I2 values are set to zero so that 
an I2 value is always between 0% (no heterogeneity) and 100% 
(maximal heterogeneity). I2 values >50% indicated substantial 
heterogeneity.
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  Either fixed- or random-effects models served as the basis 
for calculation of pooled relative risk (RR) with 95% confidence 
intervals (CIs). Without substantial heterogeneity, the pooled 
RR with 95% CIs were reported based on the fixed-effects mod-
els; in this case the summary estimates are similar for both the 
fixed- and random-effects models. With substantial heteroge-
neity, the summary estimates from the random-effects model 
were reported because often CIs are larger in the random-ef-
fects model than in the fixed-effects model. The Mantel-Haen
szel and the DerSimonian and Laird methods were used for 
fixed- and random-effects models, respectively. We used Stata 
SE ver. 12.0 (Stata Co., College Station, TX, USA) for statistical 
analysis.

RESULTS

1. Trial Selection
As shown in Figure 1, a total of 785 articles were identified after 
searching three databases (PubMed, EMBASE, and the Coch
rane Library). After excluding 59 duplicated articles and 666 ar-
ticles that did not satisfy the selection criteria, the full texts of 60 
articles were reviewed by two authors of this study. Among those, 
53 articles were excluded for the following reasons: insufficient 
data (n=3), describing only the study protocol or rationale (n=1), 
identical population (n =6), precancerous lesions as outcome 
measures (n =20), supplements not relevant to study subject 
(n=2), no available papers (n=6), not fulfilling inclusion crite-
ria (n=13), or not an original study (n=1). A total of seven trials 

were included in the final analysis.

2. General Characteristics of Included Trials
The seven trials included 62,619 participants with 31,326 and 
31,293 randomized to the vitamin C supplementation and con-
trol groups, respectively. Among trials that reported age, the par-
ticipants ranged from 35 to 80 years. One RCT that used low-
dose vitamin C supplements in combination with other sup-
plements showed a reduction in cancer incidence and mortali-
ty.13) The remaining six RCTs showed no significant effect of vi-
tamin C supplementation.14-19)

  Table 1 shows the general characteristics of the seven RCTs 
included in the final analysis. The included trials were publish
ed from 1993 through 2009. The studies were conducted in Chi-
na (n=3), the US (n=2), France (n=1), and the UK (n=1). Both 
the treatment and the follow-up periods ranged from 5 to 9.4 
years. All trials used placebos in the control group. Five trials 
received funding from the pharmaceutical industry; the remain-
ing two did not. The number of participants in each trial ranged 
from 391 to 20,536. Among the seven trials, two used only vita-
min C supplements as intervention; the rest used vitamin C sup-
plements in combination with other vitamin or antioxidant sup-
plements. The daily vitamin C doses, either singly or in combi-
nation with other supplements, varied from 120 to 500 mg.

3. Methodological Quality
Table 2 shows the quality of study methodology included in the 
final meta-analysis. The quality scores ranged from 3 to 5. Among 

Figure 1. Flow diagram for identification of relevant studies.

Identified studies from the databases using the keywords (n=785):
    PubMed (n=251), EMBASE (n=424), and Cochrane Library (n=110)

Articles after excluding duplicates (n=726) 

Articles reviewed including the full text (n=60) 

Articles on 8 randomized clinical trials included in the final analysis (n= 7)

 Excluded with duplicates (n= 59)  

Excluded according to selection criteria during 1st screening (n= 666) 

Excluded articles (n= 53):
   Insufficient data (n= 3)
   Describing only study protocol or rationale (n= 1)
   Dealing with an identical population (n= 6)
   Precancerous lesions as outcome measures (n= 20)
   Supplements not relevant to study subject (n= 2)
   Papers not available (n= 6)
   Not fulfilling inclusion criteria (n= 13)
   Not original study (n= 2)
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the seven trials, three trials received a score of 5, 
three trials received a score of 4, and one trial re-
ceived a score of 3.

4. Overall Efficacy in All Seven Trials
In a fixed-effects meta-analysis of all trials, vitamin 
C supplementation had no significant efficacy on 
cancer incidence, when compared with the control 
group (RR, 1.00; 95% CIs, 0.95–1.05; I2 =10.3%) (Fig-
ure 2). The Begg’s funnel plot was almost symmet-
rical, and the Egger’s test showed no bias (P for bias= 
0.249) (Figure 3).

5. Subgroup Meta-Analyses
Table 3 shows subgroup meta-analyses of the effi-
cacy of vitamin C supplements on cancer according 
to various factors. There was no significant associa-
tion between vitamin C supplementation and can-
cer in subgroup meta-analyses by vitamin C dose 
administered singly or in combination with other 
supplements, follow-up period, methodological 
quality, cancer mortality, gender, smoking status, 
country, and type of cancer.

DISCUSSION

In this meta-analysis of seven RCTs, we found no 
significant association between vitamin C supple-
mentation and cancer risk. In addition, no efficacy 
of vitamin C supplements was found for the pre-
vention of cancer in subgroup analyses according 
to vitamin C dose administered singly or in combi-
nation with other supplements, follow-up period, 
methodological quality, cancer mortality, gender, 
smoking status, country, and type of cancer.
  Vitamin C is an electron donor that non-enzy-
matically stabilizes ROS by reducing them; in this 
process, vitamin C is oxidized to an ascorbyl radi-
cal. Unlike other dangerous free radicals, the ascor-
byl radical is short-lived, with a half-life of 10-5 sec-
onds, and is relatively unreactive.20) Shortly after 
donating an electron, the ascorbyl radical donates 
another electron and is further oxidized to dehy-
droascorbic acid. These two oxidized forms of vita-
min C can be reduced back to the original state by 
at least three different enzyme pathways and reduc-
ing biological compounds.21) However, not all oxi-
dized ascorbic acid is recovered. Some dehydro-
ascorbic acid is metabolized by hydrolysis and is 
lost to other biological compounds.22) Therefore, 
the stability, reducibility, and reusability of oxidized Ta
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with those of previously published preclinical in vivo or in vitro 
studies on this issue.24-26) In 2005, an in vitro experiment con-
ducted by Abdel-Latif et al.27) suggested the efficacy of vitamin 
C supplements in facilitating apoptosis of esophageal cancer 
cells when used in conjunction with chemotherapy. Also, in 
2010, Pollard et al.24) showed that pharmacological doses of ascor
bic acid could greatly reduce both tumor growth and cancer 
metastases in the prostate and lungs of rats.
  This discrepancy in findings between preclinical in vivo or in 
vitro studies and RCTs might be due to the fact that preclinical 
studies may not represent biological responses in the human 
body.28) Anti-carcinogenic antioxidants in animals could be 
carcinogenic to humans. For instance, experimental studies in-
dicated that beta-carotene reduces the risk of cancer incidence,29) 
but may act as a pro-oxidant under chronic oxidative stress such 
as tobacco exposure in humans and lead to lung cancer.30,31)

  In 2009, Bandera et al.32) reported a meta-analysis of 12 case-
control studies, indicating a strong inverse association between 
antioxidant vitamins and the risk of endometrial cancer. Anoth-
er meta-analysis of 13 cohort studies conducted by Park et al.33) 

Table 2. Methodological quality of studies included in the final analysis based on the Jadad Scale (n = 7)

Study Randomization Double-blind
Follow-up  
reporting

Description of 
randomization methods

Using identical 
placebo

Total score

Li et al.14) (1993) 1 0 0 1 1 3
Wang et al.15) (1994) 1 0 1 1 1 4
Heart Protection Study Collaborative Group16) (2002) 1 0 1 1 1 4
Hercberg et al.13) (2004) 1 1 1 1 1 5
You et al.17) (2006) 1 1 1 1 1 5
Gaziano et al.18) (2009) 1 1 1 1 1 5
Lin et al.19) (2009) 1 1 1 0 1 4

Figure 2. Effect of vitamin C supplement and control on cancer incidence and mortality in randomized controlled trials (n = 7).

Figure 2.

Overall  (I-squared=10.3%, P=0.351)

Heart Protection Study Collaborative Group16) (2002)

Gaziano et al.18) (2009)

Wang et al.15) (1994)

Hercberg et al.13) (2004)

Lin et al.19) (2009)
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Figure 3. Begg’s funnel plot and Egger’s test for identifying publication bias. RR, rel-
ative risk.
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ascorbic acid explain why vitamin C is a preferred antioxidant.
  The findings of our analysis were consistent with those of 
previous meta-analyses of RCTs, which concluded no associa-
tion between vitamin C and prostate, colorectal, and gastroin-
testinal cancers.9,10,23) Our findings, however, were inconsistent 
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showed a slight inverse association between vitamin C supple-
mentation and the risk of colon cancer.
  A similar discrepancy in findings between observational epi-
demiologic studies and RCTs might be explained by recall and 
selection biases common in retrospective studies such as case-
control studies. As for recall bias, recollection of diet may differ 
between cancer patients and healthy controls; cancer patients 
are prone to report an unhealthy diet, while healthy controls 
report otherwise.34,35)

  In evaluating the association between use of antioxidant sup-
plements and risk of cancer, cohort studies are less biased than 
case-control studies, but causation cannot be sufficiently sup-
ported.36,37) The diet assessment tools used in cohort studies 
might not precisely evaluate participants’ long-term vitamin C 
consumption. In addition, use of vitamin C supplements in tri-
als differs from the intake of fruit and vegetables rich in vitamin 
C in cohort studies, which contain other vitamins and micro-
nutrients in addition to vitamin C. That is, vitamin C might have 

Table 3. Efficacy of vitamin C supplements on cancer incidence and mortality in subgroup meta-analysis

Variable No. of studies
Summary relative risk  

(95% confidence interval)
Heterogeneity (%, I2) Model used

Dose of vitamin C supplements
   < 500 mg 5 0.98 (0.91–1.05) 7.3 Fixed-effects
   ≥ 500 mg 2 1.03 (0.95–1.10) 27.3 Fixed-effects
Supplement combination
   Vitamin C only 2 1.03 (0.95–1.10) 27.3 Fixed-effects
   Combination with other supplements 5 0.98 (0.91–1.04) 7.5 Fixed-effects
Follow-up period (y)
   < 7 3 0.99 (0.92–1.07) 41.1 Fixed-effects
   ≥ 7 4 1.00 (0.94–1.07) 6.7 Fixed-effects
Methodological quality
   High quality (score = 5) 3 0.98 (0.91–1.05) 0 Fixed-effects
   Low quality (score ≤ 4) 4 1.02 (0.95–1.10) 36.0 Fixed-effects
Outcome
   Cancer incidence 7 1.00 (0.95–1.05) 10.3 Fixed-effects
   Cancer mortality 4 1.06 (0.96–1.17) 0 Fixed-effects
Funding source
   Non-pharmaceutical 2 1.20 (0.60–2.40) 73.1 Random-effects
   Pharmaceutical 5 1.01 (0.96–1.07) 0 Fixed-effects
Gender
   Male 2 0.87 (0.62–1.20) 82.2 Random-effects
   Female 2 1.09 (0.96–1.23) 0 Fixed-effects
Smoking
   Never 2 1.06 (0.95–1.18) 0 Fixed-effects
   Former 2 1.00 (0.90–1.11) 39.3 Fixed-effects
   Current 2 0.97 (0.64–1.47) 59.8 Random-effects
Country
   China 3 1.06 (0.90–1.24) 0 Fixed-effects
   USA 2 1.03 (0.95–1.10) 27.3 Fixed-effects
   France 1 0.91 (0.77–1.07) NA NA
   UK 1 0.98 (0.89–1.08) NA NA
Type of cancer

Respiratory 4 1.06 (0.73–1.53) 68.4 Random-effects
Haematological 4 1.06 (0.87–1.28) 0 Fixed-effects
Skin 3 0.95 (0.81–1.11) 0 Fixed-effects
Stomach 3 1.19 (0.93–1.51) 25.2 Fixed-effects
Esophageal 2 0.98 (0.78–1.24) 0 Fixed-effects
Colorectal 2 0.84 (0.64–1.10) 0 Fixed-effects
Breast 2 1.04 (0.87–1.25) 0 Fixed-effects
Pancreas 2 1.37 (0.58–3.20) 60.5 Random-effects
Genitourinary 2 0.88 (0.76–1.02) 0 Fixed-effects
Prostate 1 1.01 (0.90–1.14) NA NA
Bladder 1 0.84 (0.53–1.34) NA NA
Uterine 1 0.85 (0.49–1.48) NA NA
Ovary 1 0.83 (0.36–1.93) NA NA
Thyroid 1 1.37 (0.63–2.97) NA NA
Oral 1 0.50 (0.13–2.00) NA NA
Central nervous system 1 1.38 (0.55–3.42) NA NA

NA, not applicable.
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beneficial effects when administered in combination with oth-
er nutrients.
  It is noteworthy that our findings are similar to those of the 
previously published meta-analysis of RCTs on the association 
between antioxidant supplementation and cancer and mortal-
ity. In 2007, Bjelakovic et al.38) reported the results of meta-anal-
ysis of 47 high-quality trials involving 180,938 participants. Their 
findings showed that vitamin A, vitamin E, or beta-carotene 
supplementation increased mortality while vitamin C and se-
lenium were not significantly associated with mortality.38) The 
authors proposed that removing free radicals through antioxi-
dant supplementation might impede some major defensive 
mechanisms such as apoptosis, phagocytosis, and detoxifica-
tion, thus increasing mortality. Similarly, in 2010, Myung et al.39) 
reported that antioxidant supplements showed no significant 
effect on primary and secondary cancer prevention. Further-
more, in subgroup meta-analysis of four RCTs by type of cancer 
revealed increased risk of bladder cancer.39)

  Regarding the efficacy of high-dose vitamin C therapy, the 
different findings between Cameron and Pauling5,6) and Crea-
gan et al.7) and Moertel et al.8) have marked an ongoing contro-
versy. There are two important differences between the two tri-
als. First, Cameron and Pauling5,6) used both intravenous and 
oral administrations of vitamin C, while Creagan et al.7) and 
Moertel et al.8) only used oral administration. In general, the 
concentration of ascorbic acid was much higher when admin-
istered intravenously than orally. Furthermore, higher concen-
trations of vitamin C have been found to accumulate in tumors 
compared to normal tissues.40-42) Likewise, laboratory data sug-
gested the toxicity of high-dose vitamin C in cancer cell lines.43-45) 
Chen et al.46) suggested that elevated concentrations of ascor-
bic acid might increase formation of hydrogen peroxide (H2O2), 
which may be toxic to tumor cells. This suggests a possible ex-
planation for why Cameron and Pauling5,6) found high-dose vi-
tamin C supplementation to be therapeutic, while Moertel et 
al.8) did not. The other difference is that the studies by Cameron 
and Pauling5,6) were not RCTs, while those by Creagan and Mo-
ertel were RCTs. Cameron and Pauling5,6) used matched con-
trols without randomization. Additional large randomized, dou-
ble-blind, placebo-controlled trials are necessary to investigate 
the effects of oral or intravenous administration of high-dose 
vitamin C therapy on cancer risk.
  Our study has several limitations. First, we were unable to 
investigate the beneficial effects of vitamin C supplements on 
cancer in patients with vitamin C deficiency because few RCTs 
included these populations. Further trials are needed to explore 
this association. Second, our findings should not be directly 
translated to the effects of fruit and vegetables rich in vitamin C. 
Last, the participants included in our meta-analysis were most-
ly 50–60 years of age. Thus, our findings cannot be generalized 
to younger populations. Further RCTs in younger participants 

are therefore necessary.
  In summary, our meta-analyses of RCTs showed no efficacy 
of vitamin C supplementation for prevention of cancer. Further 
large-scale, randomized controlled trials are necessary to con-
firm our findings.
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