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Abstract  Background: The association between dietary vitamin C intake and breast cancer
survival is inconsistent and few studies have specifically examined vitamin C supplement
use among women with breast cancer. The purpose of this study was to summarise results
from prospective studies on the association between vitamin C supplement use and dietary
vitamin C intake and breast cancer-specific mortality and total mortality.

Methods: Studies were identified using the PubMed database through February 6, 2014 and
by examining the references of retrieved articles. Prospective studies were included if they
reported relative risks (RR) with 95% confidence intervals (95% ClIs) for at least two categories
or as a continuous exposure. Random-effects models were used to combine study-specific
results.

Results: The ten identified studies examined vitamin C supplement use (n = 6) and dietary
vitamin C intake (n=7) and included 17,696 breast cancer cases, 2791 total deaths, and
1558 breast cancer-specific deaths. The summary RR (95% CI) for post-diagnosis vitamin C
supplement use was 0.81 (95% CI 0.72-0.91) for total mortality and 0.85 (95% CI 0.74-
0.99) for breast cancer-specific mortality. The summary RR for a 100 mg per day increase
in dietary vitamin C intake was 0.73 (95% CI 0.59-0.89) for total mortality and 0.78 (95%
CI 0.64-0.94) for breast cancer-specific mortality.

Conclusion: Results from this meta-analysis suggest that post-diagnosis vitamin C supplement
use may be associated with a reduced risk of mortality. Dietary vitamin C intake was also
statistically significantly associated with a reduced risk of total mortality and breast cancer-
specific mortality.

© 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Breast cancer is the most commonly diagnosed cancer
in women worldwide [1] and in the United States (US)
alone there are approximately 2.9 million breast cancer
survivors [2]. Multivitamin and supplement use is com-
mon among cancer patients with a prevalence reported
to range from 75% to 87% among breast cancer survivors
[3]. Vitamin C is one of the most commonly consumed
supplements [4], however, the safety and benefits of oral
vitamin C supplement use among cancer survivors has
not been established [5,6], and few studies have specifi-
cally examined vitamin C supplement use among women
with breast cancer [7-11]. The association between die-
tary vitamin C intake and breast cancer survival is incon-
sistent, with some studies reporting a reduced risk of
mortality with increasing intake [6,7,9,12-16], and others
reporting no association [17-21]. The purpose of this
study was to summarise results from prospective studies
on the association between vitamin C supplement use
and dietary vitamin C intake and breast cancer survival.

2. Materials and methods
2.1. Search strategy and study selection

We conducted a literature search through February 6,
2014 using the PubMed database (http://www.ncbi.nlm.
nih.gov/pubmed) without restrictions on language. The
following search terms were used: ‘vitamin C’ or ‘vitamin
C supplements’ or ‘supplements’ and ‘breast cancer’ or
‘breast cancer mortality’ or ‘breast cancer survival.” In
addition, we reviewed the reference lists from retrieved
articles to identify additional studies.

To be included in the meta-analysis the following cri-
teria had to be met: (1) the exposure studied was dietary
vitamin C or vitamin C supplement use, (2) the outcome
of interest was breast cancer-specific mortality or total
mortality among women with breast cancer and (3)
reported relative risks (RR) with 95% confidence inter-
vals (95% ClIs). One study reported a combined outcome
of breast cancer recurrence and survival and was
included in our meta-analysis [7]. In addition, the After
Breast Cancer Pooling Project (ABCPP), a consortium
of four prospective studies, presented a summary esti-
mate for all four studies so we obtained study-specific
RR (95% CI) from the authors for data that was not
previously available [11].

2.2. Data extraction

The following data were extracted from each study:
the first author’s last name, publication year, name of
study/studies, country, number of breast cancer cases
and number of deaths (total and/or breast cancer-
specific), timing (pre- or post-diagnosis) and type of diet

and supplement assessment, measure and range of expo-
sure, covariates adjusted for in analyses and RR and
corresponding 95% CI for each exposure category.
When multiple RRs were presented we extracted the
ones that represented the greatest degree of control for
potential confounders. If data were duplicated in more
than one study we included the study with the most
recent data available.

2.3. Statistical analysis

Four different exposure/outcome combinations were
examined: (1) post-diagnosis supplement vitamin C sup-
plement intake and total mortality (five studies), and (2)
post-diagnosis supplement vitamin C supplement intake
and breast cancer-specific mortality (six studies), 3) die-
tary vitamin C intake and total mortality (five studies)
and (4) dietary vitamin C intake and breast cancer-
specific mortality (three studies). RRs and their
corresponding standard errors (derived from Cls) were
transformed to their natural logarithms to normalise
the distribution. Study-specific RR values were com-
bined using a random-effects model [22]. When data were
available, we performed a dose-response meta-analysis
using the method proposed by Greenland and Longneck-
er [23] and Orsini [24]. This method requires the number
of deaths and participants, and the RR with its variance
estimate for at least three quantitative exposure catego-
ries. The median level of consumption per category was
assigned to the corresponding RR estimate. When the
median consumption per category was not presented,
the midpoint between the upper and lower bound was
used. If the lowest category was open-ended, the lower
boundary was assumed to be zero. Open-ended upper
categories were assumed to be the same magnitude as
the preceding category. If the amount of vitamin C per
category was not specified in the article [18], we estimated
the amount using information from another article in the
same cohort [25]. When complete data were not available
for examining a dose-response meta-analysis we esti-
mated the linear trend for each study using an inverse
variance weighting least squares estimate. To examine
a potential departure from linearity in the dose-response
relationship we created restricted cubic splines (three
knots at fixed percentiles) and then assessed potential
departure from a simpler linear trend by testing that
the coefficient of the second spline was equal to zero
[26]. When the necessary data were not available to per-
form a dose-response meta-analysis the highest vitamin
C intake group was compared with the lowest intake
group.

Statistical heterogeneity between studies was assessed
using the I-statistics [27]. Publication bias was assessed
with Egger’s test [28]. All statistical analyses were con-
ducted with Stata (StataCorp, College Station, TX,
USA).
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3. Results
3.1. Study characteristics

We identified 15 papers with data from 11 prospective
observational studies that were potentially eligible for
inclusion into the meta-analysis [7-21]. Two were
excluded because they did not report RRs or Cls for vita-
min C intake [12,21], three were excluded because they
only reported results for total vitamin C intake
(food + supplements) [13,16,19], and one had more
recent results available within the pooling project [10].
Thus nine papers with data from 10 prospective
observational studies were eligible for inclusion
[7-9,11,14,15,17,18,20]. The characteristics of included
studies are summarised in Table 1 (total mortality) and
Table 2 (breast cancer-specific mortality). The studies
were published between 1993 and 2013 and included a
total of 17,696 breast cancer cases with a range of 149—
3818 cases in individual studies. The number of total
deaths and breast cancer-specific deaths reported ranged
from 26 to 1055 and 58 to 416, respectively. Seven of these
studies were conducted in the US[7,8,11,14,17,18,20], one
in Sweden [9], one in China [11]and one in Australia [15].
All of the studies, except for two adjusted for body mass
index (BMI) (n = 8), over half adjusted for clinical char-
acteristics (i.e. tumour stage or grade, number of positive
lymph nodes, treatment) (n=7) and energy intake
(n=06). Fewer studies adjusted for smoking (n =5) or
physical activity (n = 4).

3.2. Vitamin C supplement intake

Five studies examined post-diagnosis vitamin C sup-
plement intake and total mortality [8,9,11] (13,203 cases
and 1576 deaths), six studies examined breast cancer-
specific mortality [7-9,11] (13,423 cases and 997 deaths).
Post-diagnosis vitamin C supplement use was associated
with a statistically significant 19% reduced risk of total
mortality compared to no post-diagnosis supplement
use (95% CI 0.72-0.91) (Fig. 1). The association was
similar when breast cancer-specific mortality was the
outcome (summary estimate 0.85, 95% CI 0.74-
0.99).(Fig. 1) There was no statistically significant evi-
dence of heterogeneity among studies (p = 0.72 for total
mortality and p = 0.69 for breast cancer-specific mortal-
ity) and there was no statistically significant evidence of
publication bias (p = 0.06 and p = 0.34, respectively).

3.3. Dietary vitamin C intake

Five studies examined the association between dietary
vitamin C intake and total mortality [9,14,17,18,20](6521
cases and 1642 deaths) and three studies examined breast
cancer-specific mortality (4241 cases and 627 deaths)
[7.9,15]. Three of the five studies examining total mortal-
ity and all of the studies examining breast cancer-specific

mortality utilised pre-diagnosis diet. We observed that an
increase in vitamin C intake of 100 mg/day was associ-
ated with a reduction in total mortality (summary esti-
mate = 0.73, 95% CI 0.59-0.89) (Fig. 2). Among the
three studies [9,14,18] that had data in categories, we cal-
culated that high versus low dietary vitamin C intake was
associated with a statistically significant 20% reduced risk
of total mortality (95% CI 0.69-0.92). Dietary vitamin C
intake was also significantly associated with reduced risk
of breast cancer-specific mortality (summary esti-
mate = 0.78, 95% CI 0.64-0.94 for an increase of
100 mg/day). Comparing high versus low dietary vitamin
C intake there was a 23% reduced risk of breast cancer-
specific mortality (95% CI 0.61-0.98). We flexibly mod-
elled the dose-response relationships using restricted
cubic splines and found no significant departure from
linearity (Pnon-linearity = 0.16 for total mortality and
Pron-linearity = 0.08 for breast cancer-specific mortality).
There was no significant heterogeneity among studies
(p=0.08 for total mortality and p =0.24 for breast
cancer-specific mortality) and there was no evidence of
publication bias (p = 0.33 and p = 0.73, respectively).

4. Discussion

In this meta-analysis, dietary vitamin C intake and
post-diagnosis oral vitamin C supplement use were sta-
tistically significantly associated with a reduced risk of
total mortality and breast cancer-specific mortality.

There are several mechanisms through which intake
of vitamin C may influence mortality among women
with breast cancer. Vitamin C exhibits antioxidant
actions including the neutralisation of free radicals
which may impact cancer progression [29,30]. At higher
doses it may also act as a pro-oxidant as in vitro exper-
iments have demonstrated cytotoxicity to cancer cells
without similar effects on normal cells [31,32].

Conversely, evidence from some laboratory studies
and randomised trials suggests that use of antioxidant
supplements, including vitamin C, during chemotherapy
and radiation therapy may actually protect tumour cells
from treatment agents and decrease the efficacy of treat-
ment [33-35]. Recently, Subramani et al. reported that
pre-treatment of MCF-7 breast cancer cells with vitamin
C protected these cells from Tamoxifen treatment [35].
However, few studies, observational or clinical trials,
have specifically examined post-diagnosis vitamin C
supplement use and survival among breast cancer
patients before, during or after treatment [7-11,36].

Results from our meta-analysis indicate that post-
diagnosis vitamin C supplement use among breast cancer
patients is associated with a reduction in total mortality
and breast cancer-specific mortality. Vitamin C supple-
ment use can occur at physiological (low dose) or phar-
macological (high dose) levels. Two of the studies
included in the meta-analysis have published estimates
of post-diagnosis supplement dosages. Nechuta et al.



Table 1

Summary of previous observational studies of vitamin C intake and total mortality following breast cancer diagnosis.

Author (year)  Study (n = breast

cancer cases)

Primary event
type(s) (1)

Diet and supplement assessment

Exposure categorisation
(highest versus lowest
category)

Results (Hazard
Ratio [95%
confidence interval

(cnp*

Adjustment

Supplements only
Harris (2013)  Swedish
Mammography
Cohort, Sweden
(n="1717)

Poole (2013) After Breast Cancer

Pooling Project

Nurses” Health Study,
United States of
America (USA)
(n=13324)

Shanghai Breast
Cancer Survival
Study, China
(n=3818)

Women’s Healthy
Eating and Living

Study, USA
(n = 3080)
Greenlee Life After Cancer
(2012) Epidemiology Study,

USA (n = 2264)

Dietary vitamin C intake (foods only)

Harris (2013)  Swedish
Mammography
Cohort, Sweden
(n = 3405)
McEligot Orange County (CA),
(2006) USA (n=516)
Holmes Nurses’ Health Study,
(1999) USA (n=1982)

Total deaths
(n=1228)

Total deaths
(n=369)

Total deaths
(n=139)

Total deaths
(n=447)

Total deaths

(n = 393)

Total deaths

(n = 1055)

Total deaths
(n=96)

Total deaths
(n=1378)

Post-diagnosis intake assessed via
96-item food frequency
questionnaire (FFQ)

Post-diagnosis supplement intake on
biennial questionnaires

Post-diagnosis supplement intake
assessed via in-person interview at 6-
month and 36-month post-diagnosis
interviews

Post-diagnosis intake of supplements
taken in the previous 24 h assessed at
baseline and follow-up visits

Post-diagnosis intake via
questionnaire

Pre-diagnosis intake assessed via 67-
item FFQ

Pre-diagnosis intake assessed via
100-item FFQ

Post-diagnosis intake via FFQ

Any vitamin C supplement
use versus no use

Regular vitamin C

supplement use (ever
versus never) at least
1-year post-diagnosis

Three categories

Frequent vitamin C
supplement use (6-7 days/
week) versus no use

Quartiles
>92.5 versus
<42.9 mg/d

Tertiles
>135.32 versus
<80.08 mg/d

Quintiles
Sth versus 1st quintile

0.81 (0.53-1.26)

0.84 (0.66-1.05)

0.52 (0.27-1.00)

0.84 (0.69-1.02)

0.78 (0.61-1.01);
Ptrend = 0.06

0.84 (0.71-1.00);
Ptrend = 0.08

0.45 (0.25-0.78);
Ptrend = 0.004

0.80 (0.58-1.10);
Puena = 0.54

Age at diagnosis, energy intake, education,
marital status, menopausal status at
diagnosis, body mass index (BMI), alcohol
intake, year of diagnosis, disease stage,
grade, treatment

Adjusted for age at diagnosis, physical
activity, stage, treatment, BMI, menopausal
status and smoking

Age at diagnosis, race/ethnicity, education,
BMI, smoking, physical activity, fruit/
vegetable intake, comorbidity score, stage, #
of positive lymph nodes, tumour hormone
receptor status, treatment

Age at diagnosis, energy intake, education,
marital status, menopausal status at
diagnosis, BMI, alcohol intake, year of
diagnosis, disease stage, grade, treatment
Age at diagnosis, energy intake, BMI, parity,
hormone replacement therapy (HRT) use,
oral contraceptive (OC) use, alcohol intake,
multivitamin use

Age, energy intake, diet interval, year of
diagnosis, BMI, menopausal status,
postmenopausal hormone (PMH) use,
smoking, age at first birth/parity, # of
metastatic lymph nodes, tumour size
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Energy intake

0.92 (0.57-1.47)

Per 100 mg/d increase in

vitamin C

Pre-diagnosis intake via FFQ

Total deaths

(n

University of

Saxe (1999)

26)

Michigan, USA
(n=149)

Age at diagnosis, energy intake, BMI,
menopausal status, alcohol intake, stage

RR =0.48,

Per 100 mg/d increase in

vitamin C

Pre- and post-diagnosis intake via

34-item FFQ

Total deaths
(n=287)

Memorial Sloan-

Hebert (1998)

p=0.14

Kettering Cancer
Center, USA
(n=469)

% Results presented for highest versus lowest category unless otherwise stated.
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reported that approximately 85% of women with dosage
information in the Shanghai Breast Cancer Survival
Study (SBCSS) used 400 mg or less per day [10] while in
the Swedish Mammography Cohort (SMC) the most fre-
quent dose was estimated to be 1000 mg [9]. No informa-
tion was available on post-diagnosis supplement dosages
in the Fatty Acid Stores Tumour Characteristics and
Breast Cancer (FASTCAB) study; however, pre-diagno-
sis supplement intake of 500 or more mg/day was
reported in only 17% of participants [7]. These doses are
much lower than the doses reported in previous studies
of vitamin C supplement use and cancer outcomes
[34,36] and different levels of intake may influence the
safety and efficacy in cancer patients [34]. In addition,
whether or not the supplements are consumed during che-
motherapy or radiation therapy may also influence their
effects. In the After Breast Cancer Pooling Project, from
which this meta-analysis included estimates from the
Nurses’” Health Study (NHS), SBCSS and Women’s
Healthy Eating and Living (WHEL) Study, supplement
use at least one year post diagnosis was examined which
restricted the analysis of these studies to the post-treat-
ment period [11]. In a previously published study from
the SBCSS, any antioxidant use (defined as use of vitamin
C, vitamin E and/or multivitamins) was examined by can-
cer treatment type, however data by treatment were not
presented individually for vitamin C. Among women
receiving chemotherapy there was a borderline statisti-
cally significant inverse association between any antioxi-
dant use and total mortality (0.81; 0.62-1.05, pena =
0.11). In contrast, there was no association between any
antioxidant use and total mortality among those who
used any antioxidant while receiving radiotherapy (0.92;
0.63-1.33, pirena = 0.66), but a significant association
among those who did not receive any radiotherapy
(0.65;0.47-0.92, pirena = 0.01) [10]. The Life After Cancer
Epidemiology (LACE) Study examined vitamin C use
during the early post-diagnosis period which included
the time of breast cancer treatment. In the LACE study,
the suggestion of an inverse association observed between
vitamin C and total and breast cancer-specific mortality
had a similar direction of effect when the association
was stratified by treatment received (chemotherapy and
radiation therapy) [8]. Based on these limited results,
there does not appear to be a clear detrimental effect of
vitamin C (or vitamin C, vitamin E and/or multivita-
mins), when taken during chemotherapy or radiation
treatment at the levels observed in these cohorts.

Our results are similar to recent estimates from the
After Breast Cancer Pooling Project [11]. The ABCPP
includes breast cancer patients from the SBCSS, the
LACE Study, the NHS and the WHEL Study. We
obtained study-specific RR (95% CI) from the ABCPP
for the SBCSS, the NHS and the WHEL Study [11],
but not for the LACE study; however, previously pub-
lished results from the LACE Study were instead



Table 2

Summary of previous observational studies of vitamin C intake and breast cancer-specific mortality following breast cancer diagnosis.

Author (year) Study (n = breast cancer cases)

Primary event type(s) ()

Diet and supplement
assessment

Exposure
categorisation
(highest versus lowest
category)

Results

(Hazard Ratio
[95% confidence
interval (CI)))*

Adjustment

Supplements only
Harris (2013) Swedish Mammography Cohort,

Sweden (n = 717)

Poole (2013) After Breast Cancer Pooling

Project

Nurses” Health Study, United
States of America (USA)
(n=13324)

Shanghai Breast Cancer Survival
Study, China (n = 3818)

Women'’s Healthy Eating and
Living Study, USA (n = 3080)

Greenlee (2012)  Life After Cancer Epidemiology

Study, USA (1 = 2264)

Fleischauer
(2003)

Fatty Acid Tumour Stores
Characteristics and Breast Cancer
case-control study, USA (n = 385
with pre-diagnosis data; 220 with
post-diagnosis data)

Dietary vitamin C intake (foods only)
Harris (2013) Swedish Mammography Cohort,
Sweden (n = 3405)

Breast cancer deaths
(n = 66)

Breast cancer deaths
(n=190)

Breast cancer deaths
(n=1138)

Breast cancer deaths
(n=1351)

Breast cancer deaths
(n=214)

Breast cancer recurrence

and survival (combined
outcome) (n =99 pre-
diagnosis data; n = 58
post-diagnosis data)

Breast cancer deaths
(n=416)

Post-diagnosis intake
assessed via 96-item food
frequency questionnaire

(FFQ)

Post-diagnosis supplement
intake on biennial
questionnaires
Post-diagnosis supplement
intake assessed via in-person
interview at 6-month and
36-month post-diagnosis
interviews

Post-diagnosis intake of
supplements taken in the
previous 24 h assessed at
baseline and follow-up visits
Post-diagnosis intake via
questionnaire

Post-diagnosis intake via
questionnaire

Pre-diagnosis intake via

124-item FFQ

Pre-diagnosis intake
assessed via 67-item FFQ

Any vitamin C
supplement use versus
no use

Regular vitamin C

supplement use (ever
versus never) at least
1-year post-diagnosis

Three categories
Frequent vitamin C
supplement use

(6-7 days/week)
Vversus no use

Post-diagnosis:
Ever versus never
supplement use
Pre-diagnosis:
>500 mg/d versus
none

Quartiles
>92.5 versus
<42.9 mg/d

1.06 (0.52-2.17)

0.96 (0.70-1.31)

0.56 (0.28-1.11)

0.86 (0.69-1.07)

0.82 (0.58-1.16);
Pirend = 0.26

0.64 (0.32-1.27)

1.60 (0.72-2.13)

0.75 (0.57-0.99);
Ptrena = 0.03

Age at diagnosis, energy intake,
education, marital status,
menopausal status at diagnosis,
body mass index (BMI), alcohol
intake, year of diagnosis, disease
stage, grade, treatment

Adjusted for age at diagnosis,
physical activity, stage, treatment,
BMI, menopausal status and
smoking

Age at diagnosis, race/ethnicity,
education, BMI, smoking,
physical activity, fruit/vegetable
intake, comorbidity score, stage,
# of positive lymph nodes,
tumour hormone receptor status,
treatment

Age at diagnosis, age at
menopause, smoking, physical
activity, dietary intake of vitamin
E, hormone replacement therapy
(HRT) use, stage, treatment

Age at diagnosis, energy intake,
education, marital status,
menopausal status at diagnosis,
BMI, alcohol intake, year of
diagnosis, disease stage, grade,
treatment

8¢l
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Age at diagnosis, age at

1.21 (0.48-3.04)

Three categories

>180 versus
<121.5 mg/d

Pre-diagnosis intake via

124-item FFQ

Breast cancer recurrence
and survival (combined

outcome) (n =99)

Fatty Acid Tumour Stores

Fleischauer

menopause, smoking, physical

Characteristics and Breast Cancer

case-control study, USA

(1 = 385)

(2003)

activity, dietary intake of vitamin
E, HRT use, stage, treatment
Energy intake, BMI, age at

menarche

0.74 (0.42-1.30);

Quintiles

Pre-diagnosis intake via

FFQ

Breast cancer deaths

(n=112)

Adelaide metropolitan area,

Australia (n = 451)

Rohan (1993)

=0.14

Ptrend

>234 versus
<71 mg/d

# Results presented for highest versus lowest category unless otherwise stated.
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Study

Total mortality

Breast cancer-specific mortality

RR (95% CI)

SMC, 2013 —a— 0.81 (0.53, 1.25)
NHS, 2013 — 0.84 (0.67, 1.06)
SBCSS, 2013 ¢———+——— 0.52 (0.27, 1.00)
WHEL, 2013 - 0.84 (0.69, 1.02)
LACE, 2012 —— 0.78 (0.61, 1.00)
Summary estimate < 0.81(0.72, 0.91)

SMC, 2013 -— 1.06 (0.52, 2.17)
NHS, 2013 —— 0.96 (0.70, 1.31)
SBCSS, 2013 — 0.56 (0.28, 1.11)
WHEL, 2013 B 0.86 (0.69, 1.07)
LACE, 2012 —a 0.82 (0.58, 1.16)
FASTCAB, 2008 ——&—— 0.64 (0.32,1.27)
Summary estimate <> 0.85 (0.74, 0.99)

Fig. 1. Relative risk estimates of mortality following breast cancer
diagnosis associated with a post-diagnosis vitamin C supplement use,
stratified by total and breast cancer-specific mortality. Squares indicate
study-specific relative risks (size of the square reflects the study-specific
statistical weight); horizontal lines indicate 95% confidence intervals
(CIs) and diamond indicates the summary relative risk estimate with its
95% CI. Study abbreviations: Swedish Mammography Cohort (SMC),
Nurses’ Health Study (NHS), Shanghai Breast Cancer Survival Study
(SBCSS), Women’s Healthy Eating and Living Study (WHEL), Life
After Cancer Epidemiology cohort (LACE), Fatty Acid Stores
Tumour Characteristics and Breast Cancer study (FASTCAB).

Study RR (95% Cl)

Total mortality

SMC, 2013 R & 0.78 (0.65, 0.93)
OC, 2006 —a— 0.43 (0.27, 0.67)
NHS, 1999 - 0.81 (0.68, 0.97)
UM, 1999 — 0.48 (0.18, 1.27)
MSKCC, 1998 —a 0.92 (0.57, 1.48)
Summary estimate <> 0.73 (0.59, 0.89)

Breast cancer-specific mortality

SMC, 2013 - 0.66 (0.50, 0.88)
FASTCAB, 2003 JH — 1.06 (0.66, 1.71)
AA, 1993 » 0.79 (0.65, 0.95)
Summary estimate <> 0.78 (0.64, 0.94)
T T T
5 .751 15

Fig. 2. Relative risk estimates of mortality following breast cancer
diagnosis associated with a 100 mg per day increase in dietary vitamin
C intake, stratified by total and breast cancer-specific mortality.
Squares indicate study-specific relative risks (size of the square reflects
the study-specific statistical weight); horizontal lines indicate 95%
confidence intervals (Cls); diamond indicates the summary relative risk
estimate with its 95% CI. Study abbreviations: Swedish Mammogra-
phy Cohort (SMC), Cohort of breast cancer cases diagnosed in Orange
County, California (OC), Nurses’ Health Study (NHS), Breast cancer
patients from the Medical Centre, University of Michigan (UM),
Breast cancer patients from Memorial Sloan-Kettering Cancer Center
(MSKCC), Fatty Acid Stores Tumour Characteristics and Breast
Cancer study (FASTCAB), Breast cancer patients from a case-control
study in Adelaide metropolitan area, Australia (AA).
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included in our meta-analysis [8]. The ABCPP calcu-
lated the associations between post-treatment vitamin
C supplement use and breast cancer-specific and total
mortality using Cox proportional hazards models sepa-
rately by cohort and then combined individual cohort
results using random effects meta-analysis. Poole et al.
reported that regular vitamin C supplement use (ever
versus never) was significantly associated with a
decreased risk of total mortality (0.81; 0.72-0.92) and
showed the suggestion of an association with breast can-
cer-specific mortality (0.87; 0.75-1.01) [11]. These results
are consistent with our estimates for total and breast
cancer-specific mortality (0.81; 0.72-0.91 and 0.85;
0.74-0.99, respectively). However, when the ABCPP
results were mutually adjusted for other supplements
the associations were attenuated (0.87; 0.76-1.01 for
total mortality and 0.94; 0.79-1.12 for breast cancer-
specific mortality) [11]. A limitation of our study was
the inability to control for the use of other supplements.

This meta-analysis of observational studies has limi-
tations. First, we cannot control for confounders that
were not adjusted for in the individual studies. All but
a few studies adjusted for BMI while over half adjusted
for total energy intake and clinical characteristics, how-
ever there remains the possibility of residual or unmea-
sured confounding. There is also the possibility that
women who take vitamin C supplements may be more
health conscious than those who do not consume sup-
plements leading to healthy user bias and this cannot
be directly addressed in our meta-analysis. However,
in the LACE Study, intake of supplements containing
multiple carotenoids was associated with increased risk
of mortality while vitamin C and E supplements were
associated with a reduced risk of breast cancer recur-
rence, making health user bias an unlikely explanation
for the results [8]. Some misclassification of vitamin C
intake is also likely. Dictary intake was assessed with a
self-reported food frequency questionnaire (FFQ) in
most studies and supplement intake was assessed with
questionnaires or in-person interviews. However, it
was assessed before the outcome of interest (mortality)
and thus is most likely non-differential. In addition, die-
tary intake was assessed both pre- and post-diagnosis.
Finally, publication bias is also a possibility as we
included only published studies. However, we found
no evidence of publication bias.

To our knowledge this is the first meta-analysis to
combine the limited number of published studies avail-
able on vitamin C supplement intake and dietary vita-
min C intake and survival following breast cancer
diagnosis. By combining these studies we had increased
statistical power and could detect weaker associations
than in the individual studies.

In conclusion, results from this meta-analysis suggest
that post-diagnosis vitamin C supplement intake did not
have a negative impact on breast cancer survival and

may be associated with a reduced risk of mortality. Die-
tary vitamin C intake was also associated with a reduced
risk of total mortality and breast cancer-specific mortal-
ity. More studies of post-diagnosis supplement use,
including vitamin C, are warranted to further our under-
standing of how their intake during chemotherapy or
radiation therapy may influence breast cancer outcomes.
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