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Abstract 

We attempted to systematically determine the association between dietary intake of vitamin C and 
risk of prostate cancer. PubMed and Embase were searched to obtain eligible studies published 
before February 2015. Cohort or case-control studies that reported the relative risk (RR)/odds 
ratio (OR) estimates with 95% confidence intervals (CIs) for the association between vitamin C 
intake and prostate cancer risk were included. Eighteen studies regarding dietary vitamin C intake 
were finally obtained, with a total of 103,658 subjects. The pooled RR of prostate cancer for the 
highest versus the lowest categories of dietary vitamin C intake was 0.89 (95%CI: 0.83-0.94; p = 
0.000) with evidence of a moderate heterogeneity (I2 = 39.4%, p = 0.045). Meta-regression analysis 
suggested that study design accounted for a major proportion of the heterogeneity. Stratifying the 
overall study according to study design yielded pooled RRs of 0.92 (95%CI: 0.86-0.99, p = 0.027) 
among cohort studies and 0.80 (95%CI: 0.71-0.89, p = 0.000) among case-control studies, with no 
heterogeneity in either subgroup. In the dose-response analysis, an inverse linear relationship 
between dietary vitamin C intake and prostate cancer risk was established, with a 150 mg/day 
dietary vitamin C intake conferred RRs of 0.91 (95%CI: 0.84-0.98, p = 0.018) in the overall studies, 
0.95 (95%CI: 0.90-0.99, p = 0.039) in cohort studies, and 0.79 (95%CI: 0.69-0.91, p = 0.001) in 
case-control studies. In conclusion, intake of vitamin C from food was inversely associated with 
prostate cancer risk in this meta-analysis. 

Key words: vitamin C; dietary intake; prostate cancer; risk; meta-analysis 

Introduction 
Prostate cancer is the second most common 

cancer in men all over the world [1]. It has the highest 
incidence rate and is the second leading cause of 
cancer death among men in the US, with more than 
233,000 new cases diagnosed in 2014 [2]. It is believed 
that both genetic and the environment may be the 
contributing factors to prostate carcinogenesis [3-5]. 

Among those who had migrated to the US, the disease 
has seen a substantial increase compared to their 
countrymen back home. This appears to suggest that a 
change in the environment, noticeably in the form of 
diet and lifestyle, might have been the contributing 
factors [6]. Thus, nutritional modification has become 
the focus in the primary prevention of prostate cancer 
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[7], and this has led to so many studies investigating 
the association between antioxidants intake and the 
risk of prostate cancer.  

Vitamin C or ascorbic acid is considered to be the 
most important water-soluble antioxidant that is de-
rived mainly from fruit and vegetable sources [8]. 
Human cannot synthesize vitamin C and therefore 
has to depend on the diet as a source of it. Vitamin C 
has been shown to have cancer prevention effect by 
reducing oxidative DNA damage, including DNA 
mutations, and thereby protecting against the harmful 
effects of carcinogens [9, 10]. Epidemiological studies 
have yielded inconsistent results regarding the rela-
tionship between vitamin C intake and the risk of 
prostate cancer. Vitamin C intake includes vitamin C 
from foods and supplements, and dietary vitamin C 
intake refers to vitamin C from foods only [11]. Two 
meta-analyses examined the relationship between 
antioxidants from supplements and risk of prostate 
cancer. These studies found no association between 
vitamin C from supplements and prostate cancer risk 
[12, 13]. However, studies on supplement use might 
give rise to bias the results, due to the fact that people 
who use supplements may have more health prob-
lems [14, 15] and that the duration of supplements use 
is relatively short-term [16]. Additionally, the effects 
of supplementary vitamin C intake might be not the 
same as that of dietary use because of the different 
absorption or biological activity [16]. In consideration 
that most of the relevant studies reported the use of 
vitamin C from foods source and risk of prostate 
cancer, and there has been no comprehensive quanti-
tative assessment aiming at this topic, we therefore 
undertook a meta-analysis to assess the relationship 
between the dietary vitamin C intake and the occur-
rence of prostate cancer in men.  

Materials and Methods 
Search strategy 

The PubMed and Embase were searched for 
relevant studies published before February 2015 using 
the following terms without restrictions: (“vitamin C” 
OR “ascorbic acid”) AND (“prostate cancer” OR 
“prostatic cancer”). Furthermore, the reference lists 
from the relevant articles or reviews were also 
searched for additional eligible studies. The latest 
studies were selected when there were duplicates that 
report the same data or overlapping data. 

Eligibility criteria 
 Studies were included if they met all the fol-

lowing criteria: 1) cohort, case-control, or nested 
case-control study; 2) association of dietary vitamin C 
intake with prostate cancer risk; 3) adjusted relative 
risk (RR)/odds ratio (OR) with corresponding 95% 

confidence intervals (CIs) were reported or could be 
calculated. Two investigators retrieved literatures 
independently for eligibility.  

Quality assessment 
The Newcastle-Ottawa scale (NOS) was applied 

to assess the quality of the eligible studies 
(http://www.ohri.ca/programs/clinical_epidemiolo
gy/oxford.asp). It consists of three perspectives: se-
lection, comparability, and exposure. The NOS scores 
represented the quality of the studies. Studies with a 
score equal to or higher than five points were recog-
nized to be high-quality ones [17], whereas studies 
with scores less than five points were regarded as 
low-quality ones which would be further excluded.  

Data extraction 
 Two investigators independently extracted the 

data. The following information was extracted from 
each eligible study: first author, year of publication, 
geographic region, study design, study period, ages of 
participants, range of vitamin C intake dosage (range 
of exposure), other variables that might have contrib-
uted to the disease that were adjusted for in the orig-
inal studies, and RR (or OR) estimates with 95%CIs 
for the highest versus lowest categories of dietary 
vitamin C intake. Additionally, estimate for each cat-
egory compared with the lowest category of dietary 
vitamin C intake was also recorded to assess the 
dose-response effect. Since most of the included 
studies did not mention the use of supplement intake, 
we used estimates of vitamin C intake from food. To 
avoid the confounding effect of covariates on our 
analysis, the RRs (or ORs) reflecting the greatest de-
gree of control for potential confounders were ex-
tracted in the main analysis.  

Statistical analysis 
Study-specific RR (OR) estimates with 95%CIs 

for the highest versus lowest categories of dietary 
vitamin C intake were pooled using Z-test under 
fixed-effects model (Mantel-Haenszel method) if no 
significant heterogeneity existed [18]. Otherwise, the 
random-effects model (DerSimonian-Laird method) 
was preferred. Heterogeneity across all the studies 
was assessed using Q-test and I2 statistics [19]. A p 
value less than 0.1 and/or I2 > 25% was considered to 
be significant heterogeneity. In the case of heteroge-
neity, meta-regression with a single covariate analysis 
was performed to determine the source of heteroge-
neity. Subgroup analyses were performed according 
to study design, geographic region, and range of ex-
posure. Sensitivity analysis was performed by omit-
ting one study per cycle of evaluation aiming at as-
sessing the influence of each individual data set to the 
pooled RRs. 
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For the dose-response relationship between 
vitamin C intake and prostate cancer risk, we used the 
method proposed by Greenland and Longnecker [20] 
to compute the study-specific trend and 95%CI from 
the natural RR and 95%CI across all categories of di-
etary vitamin C intake. A potential nonlinear 
dose-response relationship between the intake of 
vitamin C and risk of prostate cancer was observed 
using restricted cubic splines with three knots, each 
set at a different percentage (25%, 50%, and 75% ) of 
the distribution [21]. Studies that reported the number 
of total subjects and cases, adjusted RR (OR), and 
corresponding 95%CI for each intake category (three 
or more categories) were included in the 
dose-response meta-analysis. The median level of 
dietary vitamin C intake in each category was as-
signed to the corresponding RR with 95%CI for each 
study. For studies in which the median level for each 
category was not mentioned, we used the mean value 
by calculating the average of the lower and upper 
bound. The lower boundary was set to zero when the 
lowest category was an open-ended category, and the 
highest open-ended category was assumed to be the 
same length as its adjacent one [22].  

The Begg’s funnel plot and Egger’s regression 
were used to detect publication bias among the in-
volved studies, with p < 0.05 considered as significant 
publication bias [23, 24]. STATA software, version 

12.0 (Stata Corporation, College Station, TX, USA) 
was used to perform all statistical analyses. 

Results 
Literature search 

 The flow diagram showing the selection of 
studies obtained from PubMed and Embase searches 
is presented in Figure 1. A total of 760 studies were 
initially retrieved from the databases, but after all the 
duplicated studies were removed, only 673 studies 
remained. Further elimination of articles that con-
cerned with review, comment, meta-analysis, and 
meeting abstract, as well as those that were obviously 
irrelevant after reading the titles and abstracts, only 49 
articles remained that potentially investigate the as-
sociation between vitamin C intake and the risk of 
prostate cancer. Thirty-four of these articles were ex-
cluded because of the following reasons: not relevant 
to vitamin C intake and the risk of prostate cancer (n = 
13); estimates of RR/OR with 95%CI not available (n = 
6); RRs/ORs of prostate cancer were not based on the 
highest versus lowest categories of vitamin C intake 
(n = 10); association between blood vitamin C levels 
and the risk of prostate cancer (n = 2); and RRs/ORs 
on the intake of vitamin C supplements only (n = 3). 
Three additional eligible articles were obtained from 
references cited in the relevant articles or reviews. 
Thus, a total of 18 studies were finally used in this 
meta-analysis [25-42]. 

 

 
Figure 1. Flow diagram of study selection process.  
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Study characteristics 
 The 18 studies aimed at dietary vitamin C intake 

included 6 cohort studies and 12 case-control studies, 
and were published between 1992 and 2013, and in-
volved a total of 103,658 subjects (Table 1). Among 
them, eleven studies were conducted in the United 

States, six in Europe, and one in South America. All 
the eligible studies were of high quality owing to the 
fact that the NOS scores were higher than 5 points 
among the overall studies. Assessment of the quality 
of the eligible studies based on the NOS is listed in 
Table 2. 

Table 1. Characteristics of eligible studies on dietary vitamin C intake and prostate cancer risk. 

Study Year Geo-
graphic 
region 

Study peri-
od 

Design Age, years Case/ 
Control 

Range of Expo-
sure (mg/d) 

Adjustment for Covariates 

Shibaba et al 1992 United 
states 

1981-1989 Cohort 68-82 208/3,789 <145(T1); 
≥210(T3) 

Age, smoking, BMI, and physical activity 

Daviglus et al 1996 United 
states 

1959-1989 Cohort 40-55 132/1,767 ≤74(Q1); 
>121(Q4) 

Age, number of cigarettes smoked per day, dietary 
cholesterol and saturated fat, ethanol intake, total 
energy intake, occupation, and education 

Andersson et al 1996 Sweden 1989-1994 PCC cases: 70.7(5.9); 
control: 70.6(6.2) 

526/536 35.7(T1); 86.1(T3) Age, energy, BMI, physical activity, and nutrient 
residuals 

Mayer et al 1997 United 
states 

1990-1993 HCC ≥ 45 215/593 Q1-Q4, cut points 
were not men-
tioned 

Age, education, family history of prostate cancer, BMI, 
physical activity, and dietary energy 

Vlajinac et al 1997 Yugosla-
via 

1990-1994 HCC cases: 70.5; con-
trol: 71.5 

101/202 <84.7(T1); 
≥188.7(T3) 

Energy, nutrients which were significant between cases 
and controls, physical activity, specific occupational 
exposure, nephrolithiasis, other diseases such as 
chronic bronchitis, chronic rheumatic diseases, hyper-
tension, cardiomyopathia, diabetes mellitus, renal 
diseases, eye diseases and tuberculosis, greater number 
of brothers, greater number of sexual partners 

Key et al 1997 UK 1989-1992 PCC mean age of cases 
and controls were 
68.1 

328/328 <66.1(T1); 
≥104.3(T3) 

Energy, social class, height, BMI, age, smoking, family 
history of prostate cancer, and nutrients intake 

Demeo-Pellegrin
i et al 

1999 Uruguay 1994-1997 HCC 40-89 175/233 ≤85.8(Q1); 
>161.9(Q4) 

Age, residence, urban/rural status, education, family 
history of prostate cancer, BMI and total energy intake 

Jain et al 1999 United 
states 

1989-1993 PCC cases: 69.8; con-
trols: 69.9 

617/636 <121.08(Q1); 
>243.70(Q4) 

Log total energy, vasectomy, age, smoked, marital 
status, study area, BMI, education, ever-used multi-
vitamin supplements within 1 year, area of study, and 
log-converted amounts for grains, fruit, vegetables, 
total plants, total carotenoids, folic acid, dietary fiber, 
conjugated linoleic acid, vitamin E, retinol, total fat, 
and linoleic acid 

Kristal et al 1999 United 
states 

1993-1996 PCC 40-64 697/666 Q1-Q4, cut points 
were not men-
tioned 

Fat, energy, race, age, family history of prostate cancer, 
BMI, PSA tests in previous 5 years, and education 

Ramon et al 2000 Spain 1994-1998 HCC matched by age 
(within 5 years) 

217/434 104.6(Q1); 
165(Q4) 

Age, smoking, marital status, number of children, 
residence, calories, family history, BMI, quartiles of 
animal fat and α-linolenic acid 

Cohen et al 2000 United 
states 

1993-1996 PCC 40-64 628/602 <70(Q1); 
≥150(Q4) 

Fat, energy, race, age, family history of prostate cancer, 
BMI, prostate-specific antigen tests in previous 5 years, 
education, and intake of fruits and vegetables per week 
and nutrients per day 

McCann et al 2005 United 
states 

1986-1991 PCC controls were 
matched to cases 
on age 

433/538 ≤139(Q1); 
>240(Q4) 

Age, education, BMI, cigarette smoking status, total 
energy and vegetable intake 

Kirsh et al 2006 United 
states 

1993-2001 Cohort 55-74 1,338/28,0
23 

77(Q1); 268(Q5) Age, total energy, race, study center, family history of 
prostate cancer, BMI, smoking status, physical activity, 
total fat intake, red meat intake, history of diabetes, 
aspirin use, and number of screening examinations 
during the follow-up period 

Rohrmann et al 2007 United 
states 

1992-2000 Cohort 46-81 6,092/18,3
73 

79(Q1); 265(Q5) Age, race or ethnicity, cigarette smoking, BMI, lei-
sure-time physical activity, alcohol consumption, 
energy intake, intake of protein, and intake of polyun-
saturated fatty acids 

Kristal et al 2008 United 
states 

1994-2003 Cohort 54-86 876/3,894 <69.8(Q1); 
≥194.0(Q5) 

Age, race/ethnicity, waist/hip ratio, smoking, BMI, 
physical activity, and total energy 

Bidoli et al 2009 Italy 1991-2002 HCC 46-74 1,294/1,45
1 

<95.8(T1); 
≥139.9(T3) 

Age, study center, period of interview, education, 
physical activity, BMI, alcohol intake, smoking habits, 
family history of prostate cancer and total energy 
intake, according to the residual model 

Lewis et al 2009 United 
states 

1998-2004 PCC cases: 63.3(8.2); 
con-
trols:62.0(10.7) 

478/382 ≤90.7(T1); 
≥143.3(T3) 

Age, education, BMI, smoking history, family history of 
prostate cancer in first-degree relatives, and total 
caloric intake 

Roswall et al 2013 Denmark 1993-2010 Cohort 50-64 1,571/25,2
85 

≤70.6(Q1); 
>121.5(Q4) 

Intake of folate, vitamin E, and beta-carotene for both 
dietary and supplemental exposure, height, weight, 
education, intake of red meat, alcohol consumption, 
selenium intake, smoking, and physical activity 

Abbreviations: HCC, hospital-based case-control study; PCC, population-based case-control study; BMI, body mass index; Q, quartile/quintile; T, tertile.  
Range of exposure indicates the cutoff points for the highest and lowest categories of dietary vitamin C intake. 
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Table 2. Assessment of the quality of the eligible studies based on NOS1. 

Case-control study Selection Comparabil-
ity6 

Exposure Total 
Definition2 Representative-

ness3 
Selection4 Definition5 Ascertainment7 Method8 Rate9 

Andersson et al(1996) 1 1 1 1 2 1 1 0 8 
Mayer et al(1997) 1 1 0 0 2 1 1 0 6 
Vlajinac et al(1997) 1 1 0 0 2 1 1 0 6 
Key et al(1997) 1 1 1 1 2 1 1 0 8 
Demeo-Pellegrini et 
al(1999) 

1 1 0 0 2 1 1 0 6 

Jain et al(1999) 1 1 1 1 1 1 1 0 7 
Kristal et al(1999) 1 1 1 1 2 1 1 0 8 
Ramon et al(2000) 1 1 0 0 2 1 1 0 6 
Cohen et al(2000) 1 1 1 1 2 1 1 0 8 
McCann et al(2005) 1 1 1 1 2 1 1 0 8 
Bidoli et al(2009) 1 1 0 0 2 1 1 0 6 
Lewis et al(2009) 1 1 1 1 2 1 1 0 8 
Cohort study Selection Comparabil-

ity6 
Outcome Total 

Representa-
tiveness10 

Selection11 Ascertain-
ment7 

Demon-
stration12 

Assessment13 Duration14 Adequa-
cy15 

Shibaba et al(1992) 1 1 1 1 2 1 0 1 8 
Daviglus et al(1996) 1 1 1 1 2 1 1 1 9 
Kirsh et al(2006) 1 1 1 1 2 1 1 1 9 
Rohrmann et al(2007) 1 1 0 1 2 1 1 1 8 
Kristal et al(2008) 1 1 0 1 2 1 1 1 8 
Roswall et al(2013) 1 1 0 1 2 1 1 1 8 
1Assessed with the 9-star Newcastle-Ottawa Scale (NOS); 2Adequate definition of cases (0, 1); 3Consecutive or obviously representative series of cases (0, 1); 4Selection of 
controls: Community controls (0, 1); 5Definition of controls: No history of disease (0, 1); 6Study controls for the most important factor or any additional factor (0, 1, 2); 7Secure 
record (0, 1); 8Same method of ascertainment for cases and controls (0, 1); 9Same non-response rate for both groups (0, 1); 10Truly or somewhat representative of the exposed 
cohort (0, 1); 11Selection of the non exposed cohort (0, 1); 12Demonstration that outcome of interest was not present at start of study (0, 1); 13Assessment of outcome (0, 1); 
14Follow-up long enough for outcomes to occur (0, 1); 15Adequacy of follow up of cohorts (0, 1). 

 

High versus low dietary vitamin C intake 
The multivariate-adjusted RRs (ORs) for the 

highest versus lowest categories of dietary vitamin C 
intake in each study were pooled using the ran-
dom-effects model with a moderate heterogeneity 
(pooled RR = 0.89, 95%CI 0.83-0.94, p = 0.000; I2 = 
39.4%, p = 0.045). Meta-regression with a single co-
variate was performed based on the year of publica-
tion, study design, sample size, geographic region, 
and range of vitamin C intake. We found that the 
heterogeneity may come from the study design (p < 
0.05), which was also confirmed by subgroup analysis 
(see below).  

Subgroup and sensitivity analyses  
Subgroup analyses were conducted for those 

studies that examine the association of dietary vita-
min C intake with prostate cancer risk. When strati-
fied by study design, the pooled RRs were statistically 
significant among cohort studies (RR = 0.92, 95%CI 
0.86-0.99, p = 0.027) and case-control studies (RR = 
0.80, 95%CI 0.71-0.89, p = 0.000) with no significant 
heterogeneity in each subgroup (for cohort studies: I2 
= 25.0%, p = 0.247; for case-control studies: I2 = 33.8%, 
p = 0.120) (Figure 2). A relative higher quality for the 
pooling analysis was achieved because the majority of 
subjects involving in our analysis were from cohort 
studies (sample size in cohort studies accounted for 
72.4%), which are more powerful for identifying the 
risk factors and are typically ranked higher in the hi-
erarchy of evidence compared with case-control 

studies. Stratifying by geographic region, the pooled 
RRs of prostate cancer for the highest versus lowest 
categories of dietary vitamin C intake were 0.89 
(95%CI: 0.83-0.95) for studies conducted in the United 
States and 0.90 (95%CI: 0.80-1.02) in Europe. No sig-
nificant heterogeneity was observed among studies in 
region-stratified subgroups (p > 0.1). With stratified 
analysis that was based on the range of exposure, the 
pooled RRs of prostate cancer were 0.89 (95%CI: 
0.81-0.97) in the subgroup with wide exposure range 
(difference in median vitamin C intake between the 
highest and lowest categories was equal or more than 
150 mg/day) and 0.84 (95%CI: 0.71-1.00) in subgroup 
with narrow exposure range (difference in median 
vitamin C intake between the highest and lowest 
categories was less than 150 mg/day). The main re-
sults of subgroup analyses are listed in Table 3. Sensi-
tivity analysis was conducted by omitting one study 
at a time and recalculating the pooled RR. Overall, the 
corresponding pooled RRs were not substantially al-
tered, suggesting that the results of this meta-analysis 
were stable.  

Dose-response meta-analysis 
 Dose-response relationship between dietary 

vitamin C intake and the risk of prostate cancer was 
assessed. Statistical significance (p < 0.05) was deter-
mined by nonlinear test for dose-response relation-
ship. A dietary vitamin C intake of 150 mg/day con-
ferred an RR of 0.91 (95%CI: 0.84-0.98, p = 0.018; Fig-
ure 3A). A 150 mg/day increment of dietary vitamin 
C intake reduced prostate cancer risk of 5% (95%CI: 
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0.90-0.99, p = 0.039) in cohort studies (Figure 3B) and 
21% (95%CI: 0.69-0.91, p = 0.001) in case-control stud-
ies (Figure 3C), respectively. 

Publication bias 
 No statistically significance of publication bias 

was detected in the overall study, as revealed by 
Begg’s funnel plot (p = 0.173; Figure 4) and Egger’s 
regression (p = 0.295). 

 

Table 3. Association between dietary vitamin C intake and prostate cancer risk stratified by study design, geographic region, and range 
of exposure for the highest versus lowest categories. 

Subgroups Number of  
studies 

Test of heterogeneity Test of association 
Q p I2 (%) RR 95% CI Z p 

Study design         
 Cohort 6 6.67 0.247  25.0  0.92  0.86-0.99 2.21  0.027  
 Case-control 12 16.62 0.120  33.8  0.80  0.71-0.89 3.92  0.000  
Geographic region         
 United States 11 16.22 0.101  38.2  0.89  0.83-0.95 3.35  0.001  
 Europe 6 6.64 0.249  24.7  0.90  0.80-1.02 1.68  0.076  
Range of exposure         
 ≥150 mg/day 7 6.38 0.382  5.9  0.89  0.81-0.97 2.57  0.010  
 <150 mg/day 9 20.18 0.010  60.3  0.84  0.71-1.00 2.02  0.044  

 
 

 
Figure 2. Adjusted RRs of prostate cancer for the highest versus lowest categories of dietary vitamin C intake stratified by study design. 

Discussion 
 The current meta-analysis incorporated eight-

een studies on dietary intake of vitamin C and the risk 
of prostate cancer, with a total of 103,658 subjects. The 
pooled estimates indicated that a higher vitamin C 
intake from food might provide protection against 
prostate cancer. Stratification by study design showed 
that the pooled RRs of both cohort and case-control 
subgroups for the association between vitamin C in-
take and the risk of prostate cancer were statistically 
significant, with no indication of heterogeneity. The 

dose-response analysis found an inverse linear rela-
tion between the dietary intake of vitamin C and the 
risk of prostate cancer in the overall study, with a 9% 
reduction in risk for every 150 mg/day increment in 
vitamin C intake (Figure 3A). When sub-analyzed by 
study design, the dose-response graphs showed that 
5% reduction in prostate cancer risk among the cohort 
studies (RR = 0.95, 95%CI = 0.90-0.99, p = 0.039) and 
21% reduction among the case-control studies (RR = 
0.79, 95%CI = 0.69-0.91, p = 0.001) for every 150 
mg/day increment in dietary vitamin C intake. Sam-
ple size in cohort studies accounted for 72.4%, which 
is far higher than that observed for the case-control 



 Journal of Cancer 2015, Vol. 6 

 
http://www.jcancer.org 

919 

studies, indicating a relative higher quality for the 
pooled analysis (Figure 2). Subgroup analysis carried 
out according to geographic region suggested that the 
protective effect of vitamin C from food against pros-
tate cancer was more conspicuous in the United States 
(RR = 0.89, 95%CI 0.83-0.95, p = 0.001), where no sig-
nificant heterogeneity was detected for each re-
gion-specific subgroup. Despite the pooled estimate 
in Europe not being statistically significant, the over-
all result indicated that higher intake of dietary vita-
min C has a trend to prevent the occurrence of pros-
tate cancer in Europe (RR = 0.90, 95%CI 0.80-1.02, p = 
0.076).  

 

 
Figure 3. Dose-response relationship between dietary vitamin C intake 
and the relative risk of prostate cancer in the overall studies (A), cohort 
studies (B), and case-control studies (C). Dietary vitamin C intake were 
modeled with a linear trend in a random-effects meta-regression model. 
The solid line represents association between dietary vitamin C intake and 
prostate cancer risk. Long dashed lines indicate 95% confidence intervals.  

 
Figure 4. Begg’s funnel plot to explore the publication bias in the overall 
studies (z = 1.36, p = 0.173). 

 
 
Vitamin C is considered to have a potential role 

in the chemoprevention of cancer, due to its function 
as a scavenger of free radicals, as well as the role it 
plays in the recycling of vitamin E and in reducing 
oxidative DNA damage [9, 10, 43]. In vitro studies 
have shown that vitamin C could inhibit the growth 
and viability of prostate cancer cells [44]. As human 
cannot synthesize vitamin C, but depends on a dietary 
or supplementary source, such vitamin C intake is 
recognized as essential for primary cancer prevention 
[45]. Numerous epidemiological studies have ex-
plored the use of vitamin C in preventing the initia-
tion of different cancers. Data from the previous me-
ta-analyses have suggested that vitamin C intake is 
associated with reduced morbidity from breast cancer 
[46], and reduced risks of colorectal adenoma [47], 
lung cancer [48], and endometrial cancer [49]. Many 
studies examining the association of vitamin C intake 
with prostate cancer risk have yielded inconsistent 
results. A previous study in which meta-analysis have 
been performed, reported that vitamin C supplement 
did not reduce the incidence and mortality of prostate 
cancer with 2 trials involved [12]. Another me-
ta-analysis which included 3 trials to evaluate the 
effect of the use of supplement vitamin C on the oc-
currence of prostate cancer, also failed to detect any 
association [13]. However, the number of subjects 
included in the previous analyses for the association 
of supplement vitamin C with prostate cancer was too 
small to do summarized analyses. In addition, results 
on supplement use of vitamin C and prostate cancer 
risk may not be consistent with results on intake from 
food due to the different intake duration, absorptive 
pattern, and biological activity in vivo [16]. Addition-
ally, diet has been reported to potentially play a role 
in a man’s risk for prostate cancer [6, 50]. The latest 
review with regard to the dietary factors and prostate 
cancer incidence indicated that vitamin C might func-
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tion both as pro-oxidant and antioxidant for the initi-
ation and development of prostate cancer, and the 
relationship between dietary vitamin C intake and 
prostate cancer risk needed clarification [51]. To our 
knowledge, there has been no meta-analysis examin-
ing the effect of vitamin C intake on the risk of pros-
tate cancer in a dietary manner which refers to vita-
min C from foods only. Owing to the mentioned 
above, we have systemically performed a me-
ta-analysis to evaluate the association between dietary 
vitamin C intake and the risk of prostate cancer based 
on the RRs/ORs for the highest versus lowest catego-
ries and the dose-response analyses. 

 We observed a moderate heterogeneity between 
studies in the overall analysis. The heterogeneity be-
tween studies disappeared in each subgroup when 
stratification was used, suggesting that the source of 
the heterogeneity might have come from study de-
sign. Subsequent meta-regression also confirmed this 
result. Sensitivity analysis revealed the pooled RRs 
were not altered by omitting a single study each time, 
indicating that the results were stable. To assess the 
publication bias, the Begg’s and Egger’s tests were 
performed. The results of these tests suggested that no 
publication bias existed.  

 There were some limitations in the current me-
ta-analysis. First, the inherent confounding factors in 
the included studies could not be solved by me-
ta-analysis. Although the estimates from all the eligi-
ble studies were adjusted for other possible risk fac-
tors for prostate cancer, there might be unknown 
confounders in the controls of either the case-control 
or cohort studies that could not be excluded, which 
might have given rise to bias in the results. For in-
stance, it is suggested that the effect of dietary vitamin 
C might be attenuated after adjusting for total vege-
table intake [52]. In the 18 eligible studies, only three 
studies adjusted for total vegetable intake [32, 35, 36], 
while the other study did not make such adjustment. 
Second, the width of the cutoff points for the highest 
versus lowest categories of dietary vitamin C intake 
was different among studies, and this might also have 
influenced the pooled analysis. Therefore, we under-
took the dose-response analysis, which can avoid the 
influence of different cut-off points, to show the RR 
per unit increase (150 mg/day) in the dose-response 
graph. Third, it is known that cohort studies are more 
powerful for identifying the risk factors and are typi-
cally ranked higher in the hierarchy of evidence, 
compared with the case-control studies. The 
case-control studies were included in our analysis 
despite the fact that only a relatively small proportion 
of these studies in sample size were included (27.6% 
among the overall population; Figure 2). Considering 
that the case-control studies are susceptible to recall 

bias and selection bias, we performed the 
sub-analyses by study design in both pooled and 
dose-response statistics. Finally, all the studies used 
for this analysis were concerned with the intake of 
dietary vitamin C only, since the number of subjects 
concerned in the use of vitamin C supplements and 
risk of prostate cancer were too small to be summa-
rized. Thus, the supplements should be assessed 
when there are enough data.  

 In conclusion, findings from the present me-
ta-analysis showed that intake of vitamin C from food 
was inversely associated with prostate cancer risk. 
The dose-response analysis found an inverse linear 
relationship between dietary vitamin C intake and the 
risk of prostate cancer, with a 9% reduction in risk for 
each 150 mg/day increment. It has been suggested 
that dietary intake of vitamin C-riched fruit and veg-
etables might prevent the onset of prostate cancer. 
However, the evaluation of the role of vitamin C in-
take in prostate cancer carcinogenesis should be con-
firmed in-depth, and large randomized clinical trials 
for vitamin C intake are highly preferred to get a more 
precise estimate for the exposure factor associated 
with prostate cancer.  
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