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Abstract

Purpose Supplemental folic acid (the more bioavailable and synthetic form of folate) and breast cancer risk in BRCA muta-
tion carriers have not been studied. We evaluated folic acid, vitamin B6 and vitamin B12 supplement use, and breast cancer
risk among BRCA mutation carriers.

Methods In this case—control study, dietary supplement use was collected from BRCA mutation carriers living in Canada.
Supplement use was categorized as never or ever use. Total average daily supplement use was categorized as never, mod-
erate, and high use based on tertiles. Unconditional logistic regression was used to estimate the odds ratio (OR) and 95%
confidence intervals (CI) for supplement use and breast cancer risk.

Results We included 129 breast cancer cases and 271 controls. Women who used any folic acid-containing supplement had
a significantly decreased risk of breast cancer compared to women who never used a folic acid-containing supplement (OR
0.45; 95%CI1 0.25, 0.79; P=0.006). This was significant for BRCA I mutation carriers only. The OR for moderate folic acid
supplement intake was 0.39; P=0.01, and high intake was 0.54; P=0.09, compared to never users. Moderate vitamin B12
supplement intake was associated with decreased risk of breast cancer compared to never use (OR 0.48; 95%CI 0.24, 0.96;
P=0.04).

Conclusions In this first investigation of folic acid supplement use and breast cancer risk in BRCA mutation carriers, these
findings suggest that moderate folic acid- and vitamin B12-containing supplement use may be protective for BRCA-associated
breast cancer, particularly among BRCA I mutation carriers. Future studies with larger samples and prospective follow-up
are needed.
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Introduction

In North America, fortification of the food supply with
folic acid was mandated in 1998 as a public health ini-
tiative to prevent neural tube defects [1]. In addition to
fortification, the Centers for Disease Control and Pre-
vention (CDC), the World Health Organization (WHO)
and Health Canada strongly recommend that women sup-
plement with at least 400 mcg of folic acid per day, 2
or 3 months prior to pregnancy and into the postpartum
period [2—-4]. These practices, along with the increased
popularity of supplement use in North America, have led
to a significant decline in neural tube defects and a rise
in circulating folate concentrations across the population
[5, 6].

Studies investigating the role of folate in breast cancer
development have overall been inconsistent [7, 8]. Folic
acid supplementation has been demonstrated to protect or
promote the development of cancer, depending on the stage
of cell transformation at the time of intervention [9]. Given
the role of these proteins in DNA damage repair, adequate
folate intake may be necessary for the maintenance of
genomic stability [9, 10]. Alternatively, high levels of folic
acid supplement use may promote the progression of any
possible undiagnosed (pre)neoplastic lesions [9, 10]. An
important population of interest are women at high-risk
of developing breast cancer due to an inherited BRCAI or
BRCA2 mutation [11, 12]. In a small prospective study, we
reported that BRCA mutation carriers with high circulat-
ing plasma folate concentrations had a significant 3.2-fold
increased risk of developing breast cancer compared to
those with low plasma folate concentrations (95% CI 1.03,
9.92; P=0.04) [13]. Whether or not folic acid supplement
use influences breast cancer risk in this high—risk popula-
tion is not known.

In a case—control study, we evaluated the association
between folic acid-containing supplement use and risk of
breast cancer among 400 women with a BRCAI or BRCA2
mutation living in Canada. We also investigated the asso-
ciation of vitamin B6 and vitamin B12 supplement use and
risk of breast cancer as these vitamins play an important
role in DNA synthesis and methylation reactions, similar
to folate [9, 14, 15].

Methods
Study population

Eligible study subjects in this case—control study included
women with a BRCAI or BRCA2 mutation, as previously
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described [16]. We identified women aged 18—70 with a
confirmed BRCAI or BRCA2 mutation from 10 partici-
pating centers across Canada (where mandatory fortifica-
tion practices exist) who initially sought genetic testing
because of a personal or family history of breast and/or
ovarian cancer. All study subjects received genetic coun-
seling and provided written informed consent for study
participation. Mutation detection was conducted using
a range of techniques, but all nucleotide sequences were
confirmed by direct sequencing of DNA. The study was
approved by the institutional ethics review boards of the
host institutions.

Data collection

Each study subject completed a standardized questionnaire
at the time of enrolment from 1994 to 2016. Questionnaires
collected information on family, medical and reproductive
histories including specific questions on preventative mas-
tectomy, history of cancer, parity, height (cm), weight (kg),
average number of alcoholic drinks consumed per week and
regular smoking habits.

Ascertainment of breast cancer cases was self-reported
by participants in the study questionnaire. Cases con-
sisted of first primary invasive breast cancers. Pathology
was confirmed for 50% of the reported breast cancers by
review of pathology reports. Although several pathology
reports were missing, prior studies have demonstrated
high sensitivity of self-reported invasive breast cancer
diagnosis [17].

Dietary supplement use was collected by a separate,
open-ended questionnaire that was distributed to Canadian
participants across seven provinces from September 2014 to
September 2016. The dietary supplement use questionnaire
collected detailed information on supplement use from the
age of 18, including any supplements taken during preg-
nancy. The questionnaire asked about the type of supplement
used (i.e., multivitamins or single nutrient supplements),
brand name of supplement used, frequency of use per week,
dose of supplement and the duration of use.

Total average daily folic acid, vitamin B6 and vitamin
B12 supplement use was calculated from any supplements
which contained the respective vitamin, either in multivi-
tamins or single nutrient supplements. For example, total
folic acid supplement use was derived from folic acid-spe-
cific supplements, vitamin B-complexes, multivitamins,
and prenatal supplements. The total average daily B vita-
min use for the duration of the study was calculated as:

2 dose of B vitamin per pill X (frequency of use per week/
7 days a week)

X (years of supplement used/total study years)
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If information on specific doses of folic acid, vitamin B6 or
vitamin B12 from either multivitamins or single nutrient sup-
plements were missing, vitamin doses were derived from the
manufacturer’s label. If neither the dose nor brand name were
indicated, default doses were assigned for each supplement on
the basis of the most common doses found in our study (i.e.,
400 mcg for folic acid, 100 mg for vitamin B6, and 1000 mcg
for vitamin B12 supplements). For multivitamins, we used the
formulation from the most commonly used multivitamin brand
in Canada, Jamieson (400 mcg of folic acid, 3 mg of vitamin
B6, and 12 mcg of vitamin B12). Similarly, we used the Jamie-
son brand formulation for vitamin B-complex supplements
(400 mcg of folic acid, 50 mg of vitamin B6, and 50 mcg of
vitamin B12). Prenatal supplements without indicated doses
or brand names were derived from the most popular prenatal
supplement brand in Canada, Materna (1000 mcg of folic acid,
1.9 mg of vitamin B6, and 2.6 mcg of vitamin B12). If any
information regarding frequency or years of supplement used
was missing, the observation was removed from the analysis.
The validity of self-reported dietary supplement use was previ-
ously shown to be good for multivitamins, B-complexes, and
folic acid when compared with manufacturers labels (kappa
0.66-0.92) [18]. No dietary information was collected in this
longitudinal study; thus, folic acid, vitamin B6 and vitamin
B12 intake from only supplements was evaluated.

Subject selection

A total of 512 out of 910 (56%) eligible participants com-
pleted and returned the supplemental questionnaire. For the
current analysis, subjects were excluded if they had a history
of cancer prior to the diagnosis of breast cancer (n="75),
had a previous bilateral mastectomy (n = 10), were missing
information on BRCA mutation type (n=38), or were missing
information on supplement use (n=19). After exclusions,
400 women were included in the current study. Case sub-
jects were women with invasive breast cancer (n=129), and
controls were women who were not diagnosed with breast
cancer (n=271). A flowchart of the subject selection is out-
lined in Fig. 1.

Statistical analyses

A case—control analysis was performed to evaluate the asso-
ciation between vitamin B-containing supplement use and risk
of breast cancer. Dietary supplement use and relevant covari-
ates were censored with a lag period of 1 year prior to the
diagnosis of breast cancer in the cases. Prenatal, multivitamin,
and folic acid supplement use was categorized as never or ever
use. Total average daily folic acid, vitamin B6 and vitamin
B12 supplement use was categorized as never use, moderate
use, and high use based on the distribution of B vitamin sup-
plement intake of the entire cohort using tertiles.

Canadian BRCA1/2 mutation carriers
contacted for participation in current study
(n=910)

Supplemental questionnaires returned and
completed
(n=512)

Subjects excluded (n=112)
Previous history of other cancer: n=75
Previous bilateral mastectomy: n=10
Missing BRCA1/2 mutation type: n=8
Missing supplement use information: n=19

Total subjects available for analysis (n=400)
Cases: n=129
Controls: n=271

Fig. 1 Flow diagram of the subject selection for the evaluation of die-
tary supplement use and risk of breast cancer

The student’s ¢ test and Chi-square test were used to
evaluate differences between the baseline continuous and
categorical variables, respectively. Unconditional logistic
regression was used to estimate the odds ratio (OR) and 95%
confidence interval (CI) of breast cancer associated with
supplement use (never/ever and total average daily use). The
basic model was adjusted for age (continuous) and BRCA
mutation type (BRCAI or BRCAZ2). The multivariable model
was additionally adjusted for BMI (continuous), parity (0,
1-2, >3), alcohol consumption (none, 0-3, 4-9, or 10-20
drinks/week), and regular smoking history (never or ever).
Missing BMI values were imputed as the median BMI of the
study population (n=8). Smoking (n=3) and alcohol con-
sumption (n=4) was imputed as the mode [19]. One study
subject carried both a BRCAI and BRCA2 mutation and was
categorized as a BRCA I mutation carrier.

Effect modification of dietary supplement use and breast
cancer risk was investigated by stratifying the results by
alcohol intake (never or ever), menopausal status at diagno-
sis (yes or no), BRCA mutation type (BRCA1 or BRCA2), and
mandatory folic acid fortification year (< 1998 or > 1998).
The statistical significance of the interaction terms was
determined using the likelihood ratio test.

All analyses were conducted using SAS version 9.4 soft-
ware (SAS Institute, Cary, NC). All P values were 2-sided
and were considered statistically significant if P <0.05.

Results
Subject characteristics

Characteristics of the 400 study subjects are presented in
Table 1 by case—control status. On average, cases had a

@ Springer



744

Breast Cancer Research and Treatment (2019) 174:741-748

Table 1 Characteristics of

. ; Characteristic Cases (n=129) Controls (n=271) P value®
BRCA mutation carriers
included in the study by breast Age at breast cancer diagnosis (year) 413+8.2° - -
cancer cases and controls Age (year)® 413+8.3 4264123 0.21
Mutation (%) 0.09
BRCAI 62.8 539
BRCA2 372 46.1
BMI (kg/m?) 26.4+5.7 24.9+4.7 0.007
Age at menarche (year) 124+14 12614 0.13
Parity (%) 0.0004
0 18.6 32.8
1-2 62.0 41.3
>3 19.4 25.8
Prophylactic bilateral oophorectomy (%) 7.0 11.5 0.17
Oral contraceptive use (%) 84.6 81.1 0.40
Alcohol intake (%) 0.53
None 24.0 19.2
0-3 Drinks/week 58.1 579
4-9 Drinks/week 14.0 18.8
10-20 Drinks/week 39 4.1
Regular smoker (%) 0.06
Ever 45.7 35.8
Never 54.3 64.2
Multivitamin supplement use (%) 24.0 32.8 0.08
Prenatal supplement use (%) 46.3 54.3 0.19
B-complex supplement use (%) 1.6 5.1 0.10
Folate
Folic acid-specific supplement use (%) 16.7 16.0 0.88
Total average daily folic acid supplement use (mcg/day) 92.5+147.9 115.7+180.6 0.24
Vitamin B6
B6-specific supplement use (%) 0.8 0.0 0.15
Total average daily B6 supplement use (mg/day) 06+19 14+6.4 0.08
Vitamin B12
B12-specific supplement use (%) 0.8 2.7 0.22
Total average daily B12 supplement use (mcg/day) 1.7+4.6 15.5+113.1 0.08

4P values were calculated using the Student’s 7 test for continuous variables and the Chi-square test for cat-

egorical variables

b All such values are mean +SD

Age at breast cancer diagnosis for cases or year of baseline questionnaire for controls

d0nly among women with a history of pregnancy (except if ending in abortion), n=296

higher BMI compared to controls (26.4 kg/m? vs. 24.9 kg/
m?; P=0.007), and a smaller proportion of cases were nul-
liparous (18.6% vs. 32.8%, P =0.0004). Although not sig-
nificant, cases were more likely to have a history of smoking
(45.7% vs. 35.8%; P=0.06).

Case subjects were less likely to have used multivita-
mins compared to controls (24.0% vs. 35.8%; P =0.08).
Cases had a lower total average daily intake of vitamin
B6 and vitamin B12 supplements compared to controls
(0.6 mg/day vs. 1.4 mg/day for vitamin B6; P=0.08 and
1.7 meg/d vs. 15.5 mcg/day for vitamin B12; P=0.08). A
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very small percentage of women took vitamin B-complex
(3.8%), vitamin B6-specific (0.25%), or vitamin B12-spe-
cific (2.0%) supplements, limiting the analyses of these
specific vitamin supplements in the study. The total aver-
age folic acid supplement use from multivitamins and
other supplements ranged from O to 1239.17 mcg/day over
all study subjects. The total average daily vitamin B6 sup-
plement use ranged from O to 77.68 mg/day, and the total
average daily vitamin B12 supplement use ranged from 0
to 1566.56 mcg/day (data not shown in table).
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Supplement use and risk of breast cancer

The association between supplement use and breast cancer
risk in BRCA mutation carriers is presented in Table 2. There
was no association between multivitamin use or folic acid-
specific supplement use and breast cancer risk.

Among women with a history of pregnancy, past use of
prenatal supplements taken for the purposes of pregnancy
was associated with a 43% decreased risk of breast cancer
compared to never use of prenatal supplements in the basic
model adjusted for age and BRCA mutation type (OR 0.57;
95% CI 0.34, 0.95; P=0.03). This association was attenu-
ated after further adjusting for BMI, parity, alcohol, and
smoking (OR 0.60; 95% CI 0.35, 1.02; P=0.06).

Women who have used any folic acid-containing supple-
ment (such as folic acid, vitamin B complex, multivitamin,
or prenatal supplement) had a nonsignificant decreased risk

of breast cancer compared to women who never used sup-
plements in the basic model (OR 0.81; 95% CI 0.50, 1.29;
P=0.37). After adjusting for parity and other potential con-
founders, the multivariable model showed a significantly
decreased risk of breast cancer among women who used
folic acid-containing supplements compared to women
who never used supplements (OR 0.45; 95% CI 0.25, 0.79;
P=0.006). Given the magnitude of the change in the odds
ratio estimate after multivariable adjustment, the effects
of the confounding variables were estimated individually.
Parity was found to be the only significantly confounding
risk factor in the analysis (Supplementary Table S1). As
expected, the prior use of folic acid supplements increased
with increasing parity. After stratification of the analysis by
parity, we observed consistent differences in the frequency
of folic acid supplement use between cases and controls in
all strata (Table 3). Combining the three odds ratios using

Table2 OR and 95% CI

. Supplement use  Cases/controls  OR (95% CI) basic model* P value  OR (95% CI) mul- P value
of breast cancer risk by tivariable model®
supplement use in BRCA
mutation carriers Multivitamin use

Never 92/168 Ref. Ref. Ref. Ref.

Ever 29/82 0.66 (0.40, 1.08) 0.10 0.79 (0.46,1.33)  0.37
Prenatal supplement use®

Never 58/86 Ref. Ref. Ref. Ref.

Ever 50/102 0.57 (0.34, 0.95) 0.03 0.60 (0.35,1.02)  0.06
Folic acid-specific supplement use®

Never 105/225 Ref. Ref. Ref. Ref.

Ever 21/43 1.06 (0.60, 1.89) 0.83 0.78 (0.42,1.43) 042
Any folic acid-containing supplement use®

Never 39/70 Ref. Ref. Ref. Ref.

Ever 84/188 0.81 (0.50, 1.29) 0.37 0.45 (0.25,0.79)  0.006
Total average daily folic acid supplement use (mcg/day)

Never 39/70 Ref. Ref. Ref. Ref.

8.56 -<89.29  26/62 0.73 (0.40, 1.34) 0.31 0.39 (0.19,0.81)  0.01

> 89.29 30/68 0.81 (0.45, 1.45) 0.48 0.54 (0.27,1.10)  0.09
Total average daily vitamin B6 supplement use (mg/day)

Never 53/94 Ref. Ref. Ref. Ref.

0.02-<0.20 21/41 0.92 (0.49, 1.72) 0.79 0.59 (0.29,1.18)  0.13

> 0.20 30/75 0.72 (0.42, 1.24) 0.24 0.62 (0.34,1.14)  0.12
Total average daily vitamin B12 supplement use (mcg/day)

Never 52/88 Ref. Ref. Ref. Ref.

0.02-<0.34 22/43 0.88 (0.47, 1.63) 0.68 0.48 (0.24,0.96)  0.04

> 0.34 29/74 0.67 (0.39, 1.17) 0.16 0.61 (0.33,1.12)  0.11

Unconditional logistic regression was used to estimate the OR and 95% CI
*Adjusted for age (continuous) and BRCA mutation type (BRCAI or BRCA2)

®Adjusted for age (continuous), BRCA mutation type (BRCAI or BRCA2), BMI (continuous), parity (0,
1-2, >3), alcohol consumption (none, 0-3, 4-9, or 10-20 drinks/week), regular smoker (ever or never)

“Only among women with a history of pregnancy (except if ending in abortion), n=255

dSupplements only include folic acid supplements

¢Supplements include anything containing folic acid such as folic acid, vitamin B complex, multivitamins,

and prenatal supplements
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Table 3 Breast cancer risk by folic acid-containing supplement use
stratified by parity

Supplement use Cases/controls OR (95% CI) P value
Any folic acid-containing supplement use®
Nulliparous
Never 15/45 Ref. Ref.
Ever 6/37 0.49 (0.17, 1.38) 0.18
1-2 Live births
Never 15/13 Ref. Ref.
Ever 63/98 0.56 (0.25, 1.25) 0.16
>3 Live births
Never 9/12 Ref. Ref.
Ever 15/53 0.38 (0.13, 1.07) 0.07

Unconditional logistic regression was used to estimate the OR and
95% CI

“Mantel-Haenszel summary odds ratio=0.48 (95% CI 0.28, 0.84;
P=0.008)

the Mantel-Haenszel test for trend, the summary odds ratio
was 0.48 (95% CI1 0.28, 0.84; P=0.008).

Women with moderate total average folic acid supple-
ment intake (8.56—<89.29 mcg/day) had a significantly
decreased risk of breast cancer compared to never users of
folic acid-containing supplements (OR 0.39; 95% CI 0.19,
0.81; P=0.01). Women with the highest intake of total folic
acid supplement use (> 89.29 mcg/day) had a nonsignifi-
cant decreased risk of breast cancer compared to never users
(OR 0.54; 95% CI 0.27, 1.10; P=0.09). BRCA mutation
carriers with moderate total average vitamin B12 supple-
ment intake (0.02—<0.34 mcg/day) had a decreased risk of
breast cancer compared to women who never used a vitamin
B12-containing supplement (OR 0.48; 95% CI 0.24, 0.96;
P =0.04); however, there was no significant association
between the highest intake of total vitamin B12 supplement
use (> 0.34 mcg/day) and breast cancer risk compared to
never users (OR 0.61; 95% CI 0.33, 1.12; P=0.11). There

was no association between total average daily vitamin
B6-containing supplement use and breast cancer risk.

Effect modification

BRCA mutation type (i.e., BRCAI vs. BRCA2) significantly
modified the relationship between any folic acid-contain-
ing supplement use and risk of breast cancer (P-interac-
tion=0.04) (Table 4). Ever use of any folic acid-containing
supplement was associated with decreased breast cancer risk
among BRCAI mutation carriers compared to never users
(OR 0.30; 95% CI1 0.14, 0.65 P=0.003), but not among
women with a BRCA2 mutation (OR 0.79; 95% CI 0.32,
1.95; P=0.60). Menopausal status, alcohol intake, and year
of mandatory fortification did not significantly modify the
association between folic acid-containing supplement use
and breast cancer risk (data not shown). Given the small
sample size of our stratified analyses, the findings should be
interpreted with caution.

Discussion

In this detailed analysis of vitamin B supplement use and
breast cancer risk, we observed a decreased risk of breast
cancer among women with a BRCAI mutation who used
folic acid-containing supplements compared to women who
never used supplements containing folic acid. No effect was
observed for women with a BRCA2 mutation. The protec-
tive association was similar for moderate total average folic
acid and vitamin B12 intake. Although limited by a small
sample size and retrospective data collection, these findings
suggest a potential beneficial role of moderate supplement
use containing folic acid or vitamin B12. To our knowledge,
this study represents the first such report.

We previously reported in a prospective study, which
included 163 Canadian BRCA mutation carriers and

Table4 OR and 95% CI of

. . Supplement use  Cases/controls  OR (95% CI) basic model* P value  OR (95% CI) mul- P value
breast cancer risk by any folic tivariable model®
acid-containing supplement use
stratified by BRCA mutation Any folic acid-containing supplement use
type BRCAI

Never 27/34 Ref. Ref. Ref. Ref.
Ever 15/36 0.59 (0.32, 1.08) 0.09 0.30 (0.14,0.65)  0.003
BRCA2

Never 12/36 Ref. Ref. Ref. Ref.
Ever 11/26 1.30 (0.61, 2.79) 0.50 0.79 (0.32,1.95)  0.60

Unconditional logistic regression was used to estimate the OR and 95% CI

*Adjusted for age (continuous)

bAdjusted for age (continuous), BMI (continuous), parity (0, 1 — 2, > 3), alcohol consumption(none, 0 — 3,
4 -9, or 10 — 20 drinks/week), regular smoker (ever or never)

@ Springer
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6.3 years of follow-up, that high circulating plasma folate
concentrations were associated with a significantly increased
risk of breast cancer (HR 3.20; 95% CI 1.03, 9.92; P=0.04)
[13]. In contrast, the current study shows a significant
inverse association between folic acid supplement intake
and breast cancer risk compared to never use. These con-
trasting findings may be attributed to the relatively small
number of women with high levels of folic acid supplement
use, limiting our ability to detect a significant effect of high
folate intake and breast cancer risk. Furthermore, we only
evaluated supplemental folic acid use and not total intake
(i.e., dietary and supplement use) which may result in an
underestimation of folic acid intake. Despite these contrast-
ing results, the findings from these two studies collectively
support prior reports of a nonlinear “U shaped” dose—effect
of folate status on cancer risk: moderate folate levels may
protect against breast cancer development, while both low
and high folate levels may increase risk [20, 21]. In a meta-
analysis of prospective studies of folate and breast cancer
risk among women in the general population, low (< 153 pg/
day) and high (> 400 ng/day) dietary folate intake was asso-
ciated with an increased breast cancer risk, while mid-range
intakes were protective [20, 21]. Although the meta-analysis
only included studies of dietary folate intake, our two reports
are suggestive of a similar “U-shaped” relationship among
women with a BRCAI or BRCA2 mutation.

The dual modulatory role of low and high folate status
on carcinogenesis has been proposed to depend on the stage
of cell transformation at the time of folic acid supplemen-
tation, and dose of supplementation. Folate deficiency in
non-transformed cells can result in increased DNA strand
breaks, chromosomal instability, and impaired DNA repair
[22, 23]. These deficiencies coupled with insufficient BRCA
protein due to an inherited mutation can propagate and pro-
mote neoplastic transformation [9, 23, 24]. Contrastingly,
in preneoplastic or neoplastic cells where cells are rapidly
replicating, folic acid supplementation fuels the process of
replication and proliferation by providing nucleotide pre-
cursors, thereby promoting the progression of neoplastic
tumor growth and development [9]. Therefore, optimal folate
intake may possibly reduce the risk of neoplastic transfor-
mation in non-transformed cells and slow the progression
of neoplastic cells.

Similar to folate, the relationship between vitamin B12
and vitamin B6 and breast cancer risk has been inconsist-
ent [25]. Overall, evidence in the general population sug-
gests high vitamin B6 and vitamin B12 may be protective
against breast cancer; however, the evidence still remains
unclear [25]. We found that moderate vitamin B12 sup-
plement use may decrease breast cancer risk compared
to women who never used vitamin B12-containing sup-
plements. Since the main source of vitamin B12 sup-
plements among the women in this study was from the

multivitamins and not vitamin B12-specific supplements
alone, it is difficult to disengage this effect from that of
multivitamin or prenatal supplement use. Despite this, we
found no significant association between multivitamins,
folic acid-specific supplement use or vitamin B6 supple-
ment use and breast cancer risk.

Our study showed that prenatal supplement use during
pregnancy was moderately and nonsignificantly associated
with decreased breast cancer risk. The role of prenatal or
folic acid supplement use during pregnancy and subsequent
maternal breast cancer risk has not been well studied; how-
ever, one trial reports that pregnant women randomized
to 0.2 or 5 mg/day of folic acid supplement use had no
increased risk of all-cause or breast cancer-specific mortal-
ity compared to placebo [26]. While epidemiologic evidence
strongly supports a protective effect of high dietary folate
intake among those who consume alcohol, a known folate
antagonist [27], we did not observe any significant effect
modification by alcohol intake. We found no evidence for
effect modification by menopausal status or food fortification
year. Given the small sample size of our stratified analyses,
these findings should be interpreted with caution.

There are several limitations to the study. We did not
collect information on dietary intake, and the analysis was
restricted to vitamin B exposure from supplement use only.
This importantly underestimates the amount of folic acid
intake as it does not account for folic acid intake from forti-
fied foods. The low response rate for the supplemental ques-
tionnaires (56%) may also contribute to response bias in the
study. This study was also limited by the relatively small
sample size, particularly in the stratified analysis, limiting
our ability to detect a significant modifiable effect. The ret-
rospective case—control design may subject our data collec-
tion to recall bias, as supplement use information was col-
lected from participants after their breast cancer diagnosis.
Additionally, our study may be subject to survival bias, as
the analysis was restricted to prevalent cases who could be
contacted to recall their past supplemental intake. Lastly,
the majority of supplements taken were multivitamin mix-
tures, including prenatal supplements, making it difficult to
disentangle the associations of individual B-vitamins alone
and breast cancer risk. Despite these limitations, our study
had several strengths including detailed collection of dietary
supplement use, confounding variables, and a unique study
population.

In conclusion, these findings suggest that moderate use
of folic acid-containing supplements and vitamin B12-con-
taining supplements may be protective for BRCA-associ-
ated breast cancer risk, particularly among BRCA I muta-
tion carriers. Nevertheless, BRCA mutation carriers should
stay within the recommended intake levels for folic acid and
be cautious of over-supplementation. Future studies inves-
tigating total dietary vitamin B intake with a larger sample
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size and prospective study design are needed to clarify this
relationship.

Funding This study was funded by the Champions of Genetics Grant
from the Canadian Gene Cure Foundation in partnership with the CIHR
Institute of Genetics and Canadian Cancer Society Research Institute
(703058). SJK was supported by a Province of Ontario Graduate
Scholarship and the Enid Walker Graduate Student Award in Women’s
Health Research. JK is the recipient of a Canada Research Chair, tier 11,
and SAN is the recipient of a Canada Research Chair, tier I.

Compliance with ethical standards

Conflict of interest The authors declare no potential conflicts of inter-
est.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Crider KS, Bailey LB, Berry RJ (2011) Folic acid food fortifica-
tion-its history, effect, concerns, and future directions. Nutrients
3(3):370-384

2. Centers for Disease Control and Prevention (2018) Folic acid
recommendations. http://www.cdc.gov/ncbddd/folicacid/recom
mendations.html. Accessed 5 Sept 2018

3. Health C (2013) Prenatal Nutrition Guidelines for Health Profes-
sionals-Folate Contributes to a Healthy Pregnancy. http://www.
hc-sc.gc.ca/fn-an/pubs/nutrition/folate-eng.php. Accessed 5 Sept
2018

4. World Health Organization. Daily iron and folic acid supplemen-
tation in pregnant women. http://www.who.int/nutrition/publi
cations/micronutrients/guidelines/summary_guideline_daily
_ifa_supp_pregnant_women.pdf?ua=1. Accessed 5 Sept 2018

5. Caudill MA, Le T, Moonie SA, Esfahani ST, Cogger EA (2001)
Folate status in women of childbearing age residing in South-
ern California after folic acid fortification. ] Am Coll Nutr
20(2):129-134

6. Jacques PF, Selhub J, Bostom AG, Wilson PW, Rosenberg
IH (1999) The effect of folic acid fortification on plasma
folate and total homocysteine concentrations. N Engl J] Med
340(19):1449-1454

7. Lewis SJ, Harbord RM, Harris R, Smith GD (2006) Meta-analyses
of observational and genetic association studies of folate intakes or
levels and breast cancer risk. J Natl Cancer Inst 98(22):1607-1622

8. Larsson SC, Giovannucci E, Wolk A (2007) Folate and risk of
breast cancer: a meta-analysis. J Natl Cancer Inst 99(1):64-76

9. Kim YI (2007) Folate and colorectal cancer: an evidence-based
critical review. Mol Nutr Food Res 51(3):267-292

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Kotsopoulos J, Kim YI, Narod SA (2012) Folate and breast
cancer: what about high-risk women? Cancer Causes Control
23(9):1405-1420

Antoniou A, Pharoah PD, Narod S, Risch HA, Eyfjord JE, Hopper
JL et al (2003) Average risks of breast and ovarian cancer associ-
ated with BRCA1 or BRCA2 mutations detected in case Series
unselected for family history: a combined analysis of 22 studies.
Am J Hum Genet 72(5):1117-1130

Narod SA (2010) BRCA mutations in the management of breast
cancer: the state of the art. Nat Rev Clin Oncol 7(12):702-707
Kim SJ, Zuchniak A, Sohn KJ, Lubinski J, Demsky R, Eisen A
et al (2016) Plasma folate, vitamin B-6, and vitamin B-12 and
breast cancer risk in BRCA1- and BRCA2-mutation carriers: a
prospective study. Am J Clin Nutr 104:671-677

Scott JM, Weir DG (1998) Folic acid, homocysteine and one-
carbon metabolism: a review of the essential biochemistry. J Car-
diovasc Risk 5(4):223-227

Ames BN (2001) DNA damage from micronutrient deficiencies
is likely to be a major cause of cancer. Mutat Res 475(1-2):7-20
Valentini A, Lubinski J, Byrski T, Ghadirian P, Moller P, Lynch
HT et al (2013) The impact of pregnancy on breast cancer sur-
vival in women who carry a BRCA1 or BRCA2 mutation. Breast
Cancer Res Treat 142(1):177-185

Abraham L, Geller BM, Yankaskas BC, Bowles EJ, Karliner LS,
Taplin SH et al (2009) Accuracy of self-reported breast cancer
among women undergoing mammography. Breast Cancer Res
Treat 118(3):583-592

Patterson RE, Kristal AR, Levy L, McLerran D, White E (1998)
Validity of methods used to assess vitamin and mineral supple-
ment use. Am J Epidemiol 148(7):643-649

Zhang Z (2016) Missing data imputation: focusing on single
imputation. Ann Transl Med 4(1):9

Chen P, Li C, Li X, Li J, Chu R, Wang H (2014) Higher dietary
folate intake reduces the breast cancer risk: a systematic review
and meta-analysis. BrJ Cancer 110(9):2327-2338

Zhang YF, Shi WW, Gao HF, Zhou L, Hou AJ, Zhou YH (2014)
Folate intake and the risk of breast cancer: a dose-response meta-
analysis of prospective studies. PLoS ONE 9(6):e100044
Blount BC, Mack MM, Wehr CM, MacGregor JT, Hiatt RA,
Wang G et al (1997) Folate deficiency causes uracil misincor-
poration into human DNA and chromosome breakage: implica-
tions for cancer and neuronal damage. Proc Natl Acad Sci USA
94(7):3290-3295

Kim YT (2006) Does a high folate intake increase the risk of breast
cancer? Nutr Rev 64(10 Pt 1):468-475

Shiovitz S, Korde LA (2015) Genetics of breast cancer: a topic in
evolution. Ann Oncol 26(7):1291-1299

Wu W, Kang S, Zhang D (2013) Association of vitamin B6,
vitamin B12 and methionine with risk of breast cancer: a dose-
response meta-analysis. BrJ Cancer 109(7):1926-1944

Taylor CM, Atkinson C, Penfold C, Bhattacharya S, Campbell D,
Davey Smith G et al (2015) Folic acid in pregnancy and mortality
from cancer and cardiovascular disease: further follow-up of the
Aberdeen folic acid supplementation trial. ] Epidemiol Commun
Health 69(8):789-794

Hillman RS, Steinberg SE (1982) The effects of alcohol on folate
metabolism. Annu Rev Med 33:345-354


http://www.cdc.gov/ncbddd/folicacid/recommendations.html
http://www.cdc.gov/ncbddd/folicacid/recommendations.html
http://www.hc-sc.gc.ca/fn-an/pubs/nutrition/folate-eng.php
http://www.hc-sc.gc.ca/fn-an/pubs/nutrition/folate-eng.php
http://www.who.int/nutrition/publications/micronutrients/guidelines/summary_guideline_daily_ifa_supp_pregnant_women.pdf?ua=1
http://www.who.int/nutrition/publications/micronutrients/guidelines/summary_guideline_daily_ifa_supp_pregnant_women.pdf?ua=1
http://www.who.int/nutrition/publications/micronutrients/guidelines/summary_guideline_daily_ifa_supp_pregnant_women.pdf?ua=1

	Folic acid supplement use and breast cancer risk in BRCA1 and BRCA2 mutation carriers: a case–control study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Data collection
	Subject selection
	Statistical analyses

	Results
	Subject characteristics
	Supplement use and risk of breast cancer
	Effect modification

	Discussion
	References


