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Association of vitamin B4, vitamin B, and
methionine with risk of breast cancer:
a dose-response meta-analysis

W Wu'?, S Kang"? and D Zhang™"’

"Department of Epidemiology and Health Statistics, Medical College of Qingdao University, Dongzhou Road, No. 38, Qingdao,
Shandong 266021, China

Background: Epidemiological studies evaluating the association of vitamin By, vitamin By, and methionine with breast cancer risk
have produced inconsistent results.

Methods: Pertinent studies were identified by a search in PubMed and Web of Knowledge. Random-effect model was used.
Dose-response relationship was assessed by restricted cubic spline.

Results: The combined relative risk (95% confidence interval) of breast cancer for the highest vs lowest category of serum
pyridoxal 5'-phosphate (PLP, active form of vitamin By) levels and dietary methionine intake was 0.80 (0.66-0.98, P=0.03) and 0.94
(0.89-0.99, P=0.03), respectively, and the associations of breast cancer with higher serum PLP levels and dietary methionine intake
were significant among post-menopausal women, but not among pre-menopausal women. The inverse association between
breast cancer risk and dietary vitamin By intake, serum vitamin By, levels and dietary vitamin By, intake was not significant overall.
Linear dose—response relationship was found, and the risk of breast cancer decreased by 23% (P<0.00) for every 100 pmolml| "
increment in PLP levels and 4% (P=0.05) for every 1 g per day increment in dietary methionine intake, respectively.

Conclusion: Serum PLP levels and methionine intake might be inversely associated with breast cancer risk, especially among

postmenopausal women, which need to be confirmed.

Breast cancer is the most frequently diagnosed types of cancer and
the leading cause of cancer death among women worldwide,
accounting for 23% of the total cancer cases and 14% of the cancer
deaths, and about half the breast cancer cases and 60% of the
deaths are estimated to occur in economically developing countries
(Jemal et al, 2011). Although incidence rates of breast cancer in
some western countries decreased since the beginning of 2000, the
incidence rates have been rising in many African and Asian
countries (Jemal et al, 2011). According to the American Cancer
Society Guidelines, the nutrition- and physical activity-related
advice (Wu et al, 2013) is necessary to reduce the risk of breast
cancer (Kushi et al, 2012). One-carbon metabolism nutrients, such
as folate, vitamin Bg, vitamin B;, and methionine, may protect

against cancer through DNA synthesis and methylation, upholding
DNA integrity and regulating gene expression (Ames, 2001;
Selhub, 2002), and pyridoxal 5'-phosphate (PLP; the active form
of vitamin Bg) is involved in almost 100 enzymatic reactions
(Bairoch, 2000). Although no significant effect of folate on breast
cancer was found in the previous meta-analysis overall (Larsson
et al, 2007), high alcohol (the known antagonist for these
B-vitamins) consumption was shown to be associated with
increased risk of breast cancer (Suzuki et al, 2008). However,
results from observational studies on vitamin Bg, vitamin B, and
methionine and breast cancer risk are not consistent, and no meta-
analysis is available. In addition, folate, vitamin B6 and vitamin
B12 act in concert to affect the pathways of one-carbon metabolism
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(Kim, 2007), and these nutrient interactions were also proposed
(Davis and Uthus, 2004). Therefore, we conducted a meta-analysis
to (1) first assess the breast cancer risk for the highest vs lowest
categories of vitamin Bg, vitamin B;, and methionine; (2) then
evaluate the possible dose-response relationship of vitamin Bg,
vitamin B;, and methionine with breast cancer risk; (3) investigate
the joint association between folate intake with vitamin Bg, vitamin
B,, and methionine intake, and the risk of breast cancer; (4)
evaluate the modification of key covariates to the association of
vitamin Bg, vitamin B, and methionine with breast cancer risk; (5)
and assess the heterogeneity among studies and publication bias.

MATERIALS AND METHODS

Literature search and selection. We performed a literature search
up to 18 June 2013 using the databases of Pubmed and Web of
Knowledge, using the following search terms vitamin Bg or
pyridoxal 5’-phosphate (PLP; the active form of vitamin Bg), or
vitamin By, or methionine, and breast cancer without restrictions.
Moreover, we reviewed the reference lists from retrieved articles to
search for further relevant studies.

Two investigators independently reviewed all identified studies,
and studies were included if they met the following criteria: (1) the
exposure of interest was vitamin Bs or PLP, or vitamin Bj, or
methionine; (2) the outcome of interest was breast cancer; (3)
relative risk (RR) or odds ratio with 95% confidence interval (CI)
was provided (we presented all results with RR for simplicity); (4)
for dose-response analysis, the number of cases and participants or
person-years for each category of vitamin B¢ or PLP, or vitamin
By, or methionine, must also be provided (or data available to
calculate them). If data were duplicated in more than one study, we
included the study with the largest number of cases.

Data extraction. The following data were extracted from each
study by two investigators: the design type (case-control or
prospective study), the first author’s last name, publication year,
location where the study was performed, sample size and number
of cases, variables adjusted for in the analysis, RR estimates with
corresponding 95% CI for the highest versus lowest categories of
vitamin Bg, vitamin B, and methionine, respectively. The result
for dietary intake of these nutrients was extracted if the result for
both dietary intake and total intake (dietary intake plus supple-
ment) were provided. To investigate the joint association between
folate intake with vitamin Bg, vitamin B;, and methionine intake,
and risk of breast cancer, RR was extracted from the group with
both the highest folate intake and highest vitamin B, vitamin B,
or methionine intake group versus the group with both the lowest
folate intake and lowest vitamin Bg, vitamin B, or methionine
intake.

For dose-response analysis, the number of cases and partici-
pants (person-years), and RR (95% CI) for each category of
vitamin Bg, vitamin B;, and methionine were also extracted. The
median or mean level of vitamin Bg, vitamin B;, and methionine
for each category was assigned to the corresponding RR for every
study. If the upper boundary of the highest category was not
provided, we assumed that the boundary had the same amplitude
as the adjacent category (Larsson et al, 2010; Hong et al, 2012). We
extracted the RRs that reflected the greatest degree of control for
potential confounders.

Statistical analysis. Pooled measure was calculated as the inverse
variance-weighted mean of the logarithm of RR with 95% CI, to
assess the strength of association between vitamin Bg, vitamin B,
and methionine and the risk of breast cancer. Random-effects
model was used to combine study-specific RR (95%CI), which
considers both within-study and between-study variation
(DerSimonian and Laird, 1986). The I* was used to assess

heterogeneity, and I* values of 0, 25, 50 and 75% represent no,
low, moderate and high heterogeneity (Higgins et al, 2003),
respectively. Meta-regression with restricted maximum likelihood
estimation was performed to assess the potentially important
covariates that might exert substantial impact on between-study
heterogeneity (Higgins and Thompson, 2004). A sensitivity
analysis was performed with one study removed at a time to
assess whether the results could have been affected markedly by a
single study. Publication bias was evaluated using the Egger
regression asymmetry test (Egger et al, 1997).

For dose-response analysis, a two-stage random-effects dose-
response meta-analysis (Orsini et al, 2012) was performed to
compute the trend from the correlated log RR estimates across
levels of vitamin B¢, vitamin Bj, and methionine, respectively,
taking into account the between-study heterogeneity. In the first
stage, a restricted cubic spline model with three knots at the 25th,
50th and 75th percentiles (Harrell et al, 1988) of the levels of
vitamin Bg, vitamin B;, and methionine was estimated using
generalised least-square regression, taking into account the
correlation within each set of published RRs (Orsini and
Bellocco, 2006). Then the study-specific estimates were combined
using the restricted maximum likelihood method in a multivariate
random-effects meta-analysis (Jackson et al, 2010). A P-value for
non-linearity was calculated by testing the null hypothesis that the
coefficient of the second spline is equal to 0. All statistical analyses
were performed with STATA version 12.0 (Stata Corporation,
College Station, TX, USA). All reported probabilities (P-values)
were two-sided with P<0.05 considered statistically significant.

RESULTS

Literature search and study characteristics. The search strategy
identified 552 articles from Pubmed and 1144 articles from the
Web of Knowledge, and 28 articles were reviewed in full after
reviewing the abstract. Two studies that assessed the MTHFR
C677T (Maruti et al, 2009a,b), MTR and MTRR (Shrubsole et al,
2006) polymorphisms and breast cancer by intakes of one-carbon
metabolism nutrients were further excluded because of duplicate
reports from the same study population. Three studies that did not
report the risk estimate were also excluded (Potera et al, 1977;
Goodman et al, 2001; Schroecksnadel et al, 2003). Finally, 23
articles (Thorand et al, 1998; Wu et al, 1999a,b; Levi et al, 2001;
Shrubsole et al, 2001; Feigelson et al, 2003; Zhang et al, 2003; Zhu
et al, 2003; Lajous et al, 2006a; Lajous et al, 2006b; Cho et al, 2007;
Kabat et al, 2008; Lin et al, 2008; Xu et al, 2008; Ma et al, 2009a;
Ma et al, 2009b; Maruti et al, 2009a,b; Stevens et al, 2010; Chou
et al, 2011; Shrubsole et al, 2011; Zhang et al, 2011; Lurie et al,
2012; Bassett et al, 2013; Yang et al, 2013) were included in this
meta-analysis. The detailed steps of our literature search are shown
in Supplementary Material.

For PLP levels, data from four nested case-control articles with
five studies were used, including 2509 breast cancer cases, and all
studies were carried out in the United States. For vitamin Bg intake,
data from 14 articles (6 prospective studies and 8 case-control
studies) were used, including 14260 breast cancer cases. Five
studies were carried out in the United States, four in China, one in
Japan, one in Mexico, one in Switzerland, one in Brazilia and one
in Australia. For serum vitamin B, levels, data from three nested
case—control articles with four studies were used, including 1803
breast cancer cases, and all studies were carried out in the United
States. For vitamin B, intake, data from 14 articles (7 prospective
studies and 7 case—control studies) were used, including 15783
breast cancer cases. Five studies were carried out in the United
States, four in China, one in Japan, one in Mexico, one in France,
one in Brazilia and one in Australia. For methionine, data from 13
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articles (7 prospective studies and 6 case-control studies) were
used, including 17060 breast cancer cases. Seven studies were
carried out in the United States, three China, one in Canada, one in
Germany and one in Australia. The detailed characteristics of the
studies are shown in Tables 1-3.

Quantitative synthesis. The main results are summarised in
Table 4 (the result by adjustment of selected covariates is not
included).

Serum PLP levels and risk of breast cancer. High serum PLP
levels vs low levels were significantly associated with the risk of
breast cancer (0.80 (0.66-0.98), P=0.03, I* = 0.30%, Figure 1). The
association was significant for post-menopausal women (0.71
(0.57-0.88), P<0.00, I*=0.00%) but not for pre-menopausal
women; however, the difference between the two groups was not
significant (P=0.26). No significant association was found by
oestrogen receptor (ER) and progesterone receptor (PR) status.
Among the five nested case-control studies, two studies in one
article (Wu et al, 1999a,b) only adjusted for age, menopausal status
and year of blood donation, and a positive but not significant
association of serum PLP levels with the risk of breast cancer was
found. Three studies (Zhang et al, 2003; Lin et al, 2008; Lurie et al,
2012) adjusted for the most known risk factors of breast cancer,
and a significantly combined effect (Zhang et al, 2003; Lin et al,
2008; Lurie et al, 2012) was found (0.76 (0.62-0.94), P=0.01,
> =0.00%).

For dose-response analysis, data from three studies (Zhang et al,
2003; Lin et al, 2008; Lurie et al, 2012) were used, including 2266
breast cancer cases. We found no evidence of statistically
significant departure from linearity (P=0.85). A 100 pmolml '
increment in serum PLP level conferred an RR of 0.77 (95%
CI=0.69-0.86, P<0.00, Figure 2).

Vitamin Bg intake and risk of breast cancer. High vitamin Bg
intake vs low intake was not significantly associated with the risk of
breast cancer (0.95 (0.83-1.08), P=0.45, I*=56.2%, Figure 1).
And no significant association was found in subgroup analysis by
study design (prospective and case-control), menopausal status
(pre-menopausal and post-menopausal), geographic region where
the study was conducted (America and Asia), ER status and PR
status. No significant association was found in the subgroup
analysis by adjustment (yes or no) of the known risk factors of
breast cancer, including alcohol, smoking, BMI, FHBC, reproduc-
tive factors (>3), physical activity, energy intake and use of
exogenous hormones.

For dose-response analysis, data from eight studies (Lajous et al,
2006a,b; Lin et al, 2008; Ma et al, 2009a; Ma et al, 2009b; Stevens
et al, 2010; Zhang et al, 2011; Bassett et al, 2013; Yang et al, 2013)
were used, including 9429 breast cancer cases. We found no
evidence of statistically significant departure from linearity
(P=0.08). A 1mg per day increment in vitamin By intake
conferred an RR of 0.96 (0.89-1.02, P=0.19).

Serum vitamin B, levels and risk of breast cancer. High serum
vitamin B, levels vs low levels were not significantly associated
with the risk of breast cancer (0.73 (0.44-1.22), P=0.23,
I> =72.5%, Figure 3), and no significant association was found in
the subgroup analysis by menopausal status. Only one study (Lin
et al, 2008) provided the association of serum vitamin B, levels
with the risk of breast cancer by ER status and PR status; thus, the
subgroup analysis by ER status and PR status was not conducted.
Among the four studies included, one study (Lin et al, 2008)
adjusted for the most known risk factors of breast cancer, and
women in the highest quintile relative to those in the lowest
quintile had multivariate RR of 1.29 (0.92-1.82). The result from
the other three studies indicated an obvious protection of serum
vitamin By, levels on risk of breast cancer (0.61 (0.41-0.92),
P=10.02, > =22.3%).

For the dose-response analysis, data from two studies (Zhang
et al, 2003; Lin et al, 2008) were used, including 1560 breast cancer
cases. We found no evidence of statistically significant departure
from linearity (P=0.51). A 100 pmol ml ™! increment in serum
vitamin By, levels conferred an RR of 0.99 (0.92-1.08, P=0.88).

Vitamin B, intake and risk of breast cancer. High vitamin B,
intake vs low intake was not significantly associated with the risk of
breast cancer (0.88 (0.77-1.00), P=0.05, I* = 68.9%, Figure 3).
However, significant association was found in case—control studies
(0.74 (0.56-0.98), P=0.04, I*=74.5%) but not in prospective
studies. No significant association was found in other subgroup
analysis.

For dose-response analysis, data from nine studies (Lajous et al,
2006a,b; Lin et al, 2008; Ma et al, 2009a; Ma et al, 2009b; Stevens
et al, 2010; Chou et al, 2011; Zhang et al, 2011; Bassett et al, 2013;
Yang et al, 2013) were used, including 9832 breast cancer cases. We
found no evidence of statistically significant departure from
linearity (P=0.14). A 1-ug per day increment in vitamin B,
intake conferred an RR of 0.98 (0.95-1.00, P =0.12).

Methionine intake and risk of breast cancer. High methionine
intake vs low intake was significantly associated with the risk of
breast cancer (0.94 (0.89-0.99), P=0.03, I>=0.00%, Figure 4).
Marginally significant association was found in prospective studies
(0.94 (0.87-1.00), P=0.06, I*=0.00%) but not in case-control
studies (Figure 4). Significant association was found for post-
menopausal women (0.89 (0.82-0.97), P=0.01, P=0.01%) but
not for pre-menopausal women; however, the difference between
the two groups was not significant (P=0.24). No significant
association was found by ER status and PR status. Marginally
significant association was found for studies that adjusted for
alcohol and use of exogenous hormones, and significant associa-
tion was also found for studies that adjusted for physical activity,
energy intake, BMI, FHBC and reproductive factors (> 3).

For dose-response analysis, data from six studies (Feigelson
et al, 2003; Xu et al, 2008; Stevens et al, 2010; Zhang et al, 2011;
Bassett et al, 2013; Yang et al, 2013) were used, including 10316
breast cancer cases. We found no evidence of statistically
significant departure from linearity (P=0.82). A 1-g per day
increment in methionine intake conferred an RR of 0.96
(0.92-1.00, P=0.05).

Effect of combining folate with vitamin Bg, vitamin B;, and
methionine on risk of breast cancer. For the joint association
between breast cancer risk and folate intake with vitamin Bg intake,
data from four studies (Maruti et al, 2009a,b; Stevens et al, 2010;
Chou et al, 2011; Shrubsole et al, 2011) were used, and the risk of
breast cancer for the subjects with both highest intake of folate and
vitamin By was 0.91 (0.79-1.04), P=0.17, I* = 0.00%. For the joint
association between breast cancer risk and folate intake with
vitamin B, intake, data from three studies (Maruti et al, 2009a,b;
Stevens et al, 2010; Shrubsole et al, 2011) were used, and the risk of
breast cancer for the subjects with both highest intake of folate and
vitamin By, was 0.99 (0.77-1.29), P=0.97, I*=154.2%. For the
joint association between breast cancer risk and folate intake with
methionine intake, data from four studies (Thorand et al, 1998;
Maruti et al, 2009a,b; Stevens et al, 2010; Shrubsole et al, 2011)
were used, and the risk of breast cancer for the subjects with both
highest intake of folate and methionine was 0.81(0.62-1.05),
P=0.11, > = 49.2%.

Sources of heterogeneity and meta-regression. In order to
explore the moderate to high between-study heterogeneity found
in several analysis, univariate meta-regression with the covariates
of publication year, location where the study was conducted, study
design (case-control or prospective), number of cases and degree
of adjustments of covariates was performed. Degree of adjustments
of covariates ranged from 0 to 9 based on adjustment (yes: 1, no: 0)

1928

www.bjcancer.com | DOI:10.1038/bjc.2013.438


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

, and breast cancer

ionine

Vitamin B, B> and meth

66°0F s|onuo) ~mm¢ﬁ isesed)

11LNOD|
621§ 'S|01U0D 'pzzy seseD)
11 LNOJ
¢/ '8€E ‘s|onuo) ~NmN0 sase))
wrlWOD| Z'09 :loauo)
SUON o, - Iwowd) gd ¥'09 :sesed (c11) szz (DON) @Anoadsouy vsn &(L00Z) [e 32 uewpoog
(EL'Z-L0°L) 9F'L SO
(78°1-660) GE'L 148
(€9'1-26'0) 2Z'L €0
(S9'1-£6'0) 9Z°L [4e)
3 LO
S3eIUl POOJ [BWIUE [€10} PUE ‘S3eIUlS|qeISBaA pue
1Ny [e03 ‘ones diyasiem ‘Auanoe [edisyd ‘smexs
|esnedouaw ‘esnedousw pue yuiqg aAl| 1sly 1e abe
'Aed ‘aypieusw e abe ‘ewouspeoiqi jo Aoisiy Apnig 19due)
Jeuosiad ‘OgH ‘uoneanpa ‘abe “ABisus |ero) g ulwenp ¥9-5¢ (Lzel) oLz (32d) [onuod-852 ¥seaig reybueys sy "euryd (1002) e 32 3j0sqniys
(96'0-0€°0) ¥5°0 9¢
(56'0-G€°0) 850 6l
1 (Rep sad Bw) | 65 :]ol1uo)
Joyoole pue ayeiul ABisus [e101
~__>_m ‘snjeis _mmjm&OCQE Cﬁtm& ~EOZNUJ@® ~mm< om ulwelpz LG sese) AmwNv LEL AUUIV |0Nuod—-sse) pueusziimg :OONV |e 18 A7
(00'7-650) 95°L SO
(€0'e-€5°0) 82°L 48]
(¢8°'L-£€0) 280 €0
(98'2-05°0) 61°L [4e)
3 1O
uoneuop
poojq jo Jeak pue smejs jesnedousu ‘aby d1d 06-81 (0L1) 0zg (DON) @ndadsoly ueq winiss (QIN) 'VSN | HOYoD 6861 B4 (G666 1) (212 N
(Pr'2-6%°0) 60°L SO
(982-0£°0) Lt'L ¥0O
(SYe-1£0) 95°L €0
(£1'7-88°0) 68'L [4e)
3 38}
uoneuop
poojq jo Jeak pue smejs jesnedousw ‘aby d1d 06-81 (e1) 992 (DDN) andadsoly ueq winias (QA) VSN | HOYod /61 341 ‘(B6661) (2 32 NN
G4'€ :SOSEISPIaW DIWS)SAS| €5
€' :9dUaLNdal [e207] 95
L£'S sdued Isealq Ajeg 25
0Z'L :|onuoD) 95
auoN (, - 1wBu) gd (v6) OFL |onuod-ase) VSN o(LL61) [B 12 BIR104
sajelenod Joy quawnsnlpy | (1D %S56) ¥y KioBore) (s1eak) aby (sesed) syoalqng uBisep Apnig | aweu Apnis ‘Aiuno) Apmg

S JSDUBD 1SBAIQ PUE XelUl 9g UIWELA PUB JTd WNISS UO SaIpnis 4O soiisuaioeieyd *| o|qel

1929

10.1038/bjc.2013.438

www.bjcancer.com | DOI


http://www.bjcancer.com

, and breast cancer

ionine

Vitamin Bg, B> and meth

BRITISH JOURNAL OF CANCER

(69'1-19°0) 20'L €¢<

(L£1-09°0) 20'L €cle
(€9°1-19°0) 00'L L'¢-6'L
(S6'1-0£0) 91'L 6'L=L'L

(Rep sod Bw) /| >

7g ulwenp
(0€'1-€9°0) L6'0 0L <
(2€'1-59°0) 26'0 Z'201-€'99
(62'1-59°0) 160 €99-2'¢S
(E7'1-€£0) 20'L 225-6'8€

L

(,|wjowd)sge>

yuiq 1sa14 1e abe pue Aued ‘ssnedousw

1e abe ‘ayoieusw 1e abe ‘joyodje ‘AlAnoe
|eaisAyd ‘Bunjows ‘qggH ‘ennejas saiBap-isily

e ul DgH4 ‘|INg ‘Tuswubisse jusuieal) pasiwopues
‘81ep UOIIes|WOPUEI [BL} PUB 8SN SUOWLIOY
|esnedousw-1sod ‘uinias poo|q Jo Jeak pue yuow

Apmg

‘smejs Bunsey ‘snieys |esnedousw ‘Adiuyie ‘eby dd Sy < (818) 9691 (DDN) @Aidadsouy Yi|eaH s,UsWopA 8yl VSN (80072) [e 3@ un
(rr'1-96°0) 81°L LT
(8L°1-8£°0) 960 €¢
(€€'1-68°0) 60°L X4
(L7'1-56°0) 9L°L 6l
L (Kep 1ad Bw) 97|
1.} |ewiue pue ABiaua ‘|oyodje ‘asn
aAndadenuod [eso ‘gggH ‘DgHA ‘eydleusw je abe
‘IING 'yuiq 1sa14 1e 9Bk pue Aued 1yBiay ‘Bunjows 1l Apms
'a2Ao aureuuonsanb s ay) jo seak ‘aby 99 ulWelA 992 (Z€0OL) €9906 aAnadsoly yiesH ,sasiNN 8yl ‘vsn (£002) [e 12 oyD
(€1'1-19°0) ¥8'0 09l
(S0'1-55°0) 9£°0 or'lL
(¢6'0-6v7°0) £9°0 9C'L
L (Kep sad Bw) 90|
el
18} pajeimesunAjod pue ‘sxeiur sjespAyogied pue
2iqy Areyaip ‘axeul ouojed [e1ol |Ag ‘Aued ‘smels
|esnedousw ‘“DgH4 ‘SN1els dILOU030100s BBy 99 UIWeNA 28-81 (S¥) 9981 (DDd) |onuoo-ase) ODIX3 (9'e9007) e 12 snoleq
(c0'1—-8¥°0) 0L°0 £66<
(711-55°0) 6£°0 L'v6-L"LS
(#1°1-95°0) 08°0 0'/S—C0F
(€Z2'1-09°0) 98°0 Z'0v—9'8¢
| (,—lwowd)ggz>
asn suouwioy [esnedousw
-1s0d Jo uoneinp pue ||Ag ‘exelul [oyodje
‘DggH ‘Jeisis e 4o Jsyjow ul DgHS ‘asnedousw Apmg
1e 9be ‘yuiq 151y 1e a6e ‘Aued ‘eydieusw je 9by d1d 69-€¥ (CL0) veyl (DDN) @andadsolg YHeRH $8sINN @Yl VSN (€002) [e 12 Bueyz
sajelienod Joy uaunsnlpy | (1D %S6) ¥y KioBare) (s1eak) aby (sased) spalqng uBisep Apnig | aweu Apnis ‘Aiauno) Apmg

(panunuod) °| 8|qel

www.bjcancer.com | DOI:10.1038/bjc.2013.438

1930


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

, and breast cancer

ionine

Vitamin B, B> and meth

smeys [esnedousw pue

“1ej pue a|geiaban ‘ABiaus Jo saxeiul Ajiep [e101
pue 1yBiay wuswa|ddns uiwela g e Jo asn ‘Alianoe
,mu_mEQ ‘Juswulele [BUOIIRINPS "YHIG SAI| 1Sily

Apnis weey

1e obe ‘Aied ‘sydieusw 1e obe ‘suljsseq 1e aby 99 UIweyA 0/-0% (8L/) 9182/ aAnoadsoly s,uswopn leybueys ‘eulyd (110g) [e 1@ ®josqnuys
(69:0-0£°0) 970 €60<
(¥9:0-82°0) Z¥'0 €6'0-9L°0
(1z'1=£5°0) €8°0 9,.0-90
L (Kep sod Bw) 90>
oyejul ABisus
|e101 pue Bunjows aaissed ‘Alianoe [edisAyd ‘DgH4
'aggH 'IINg 'Buipas) 1sea1q O sypuow ‘yuiq
ONI| 3si 38 aBe pue syuiq oAyl ‘aydieusw e oBy g ulweyp 0/-§2 (8ev) 948 (ODH) |oauod>-8se) eulyd (1102) je 32 Bueyz
(£1'1-8£°0) S6'0 Sr'eE<
(60°'1-6£°0) 060 Sv'E-6C°C
(90°'1-28°0) €60 62C9¢°L
(21'1-06°0) LO°L 9€'1-60'L
L (Kep sad Bw) 50| >
‘ABisus pue |Ag ‘Auanoe edishyd
‘asnedouswi 1e abe ‘aypieusw e abe 'yuiq 1siy 18
abe pue Aued ‘| yH ‘dwn| 1seaiq jo Kioisiy ‘DgH4
‘uopeanpa ‘ades ‘asn ujwWeHARINW ‘loyodje ‘aby g ulwenp vL~¥S (868¢€) 959 0L aapdadsold | HoYoD uonuanN [1-5dD VSN (0102) [e 32 suanelg
(12'1-99°0) 060 Sv'e
(8€'L-¥8°0) 80'L 6L°L
(0g'L-€8°0) vO'L 6¢°L
L (Rep 1ad Bw) 94°0
axequr ABisus pue seak 1sed ayy ul axejul [oyode
‘Aianoe [eaisAyd ‘|Aig ‘asn suowioy esnedousuw
-1s0d unseboid pue usBoisa0 PauIqUIO JO sieak
‘asnedousw 1e abe ‘yuiq isiiy e abe ‘aydleusw e
abe 'Asdoiq 1seaiq jo Aioisiy ‘auljeseq Buipasaid
Az upim AydesBowwew 'HgH ‘edes aby g uiweyp 9.-0S (ev4) €205€ anpdadsold | Apmis Hoyod TVLIA 841 'YSN (9'26002) [& 32 ey
(8£°1-€5°0) §8'0 8'l<
(€0°L-L¥"0) §9°0 81§l
L (Kep sod Bw) 7| >
sieak g Buipasaid
ayr Ul Ayanoe [eaisAyd ejesspow pue syuiq
91| 0 Jaquinu ‘Buipasy 1seaid ‘sniels uoliensusw
‘usawom snoded ui yuiq aAI| 1su1y 1e aBe ‘aydseusw
Je abe ‘joyodje ‘Bupjows ‘uoneanpa ‘|Ng g ulwenp ¥/-0¢ (88¢€) 94L (ODH) |o1uod-8se) uedep (96002) [e 22 BN
(SO'L-v80) 8lL'L [
9¥'L-v£0) vO'L 0'l-9°0
L (Kep sad Bw) 90>
SUMIQ 8Al| Jo Jaquinu pue ‘sieak G Buipsdaid
ays U Ayanoe |eaishyd ereispou ‘oyodje ‘Bupjows 7g UlWeyA v/-0¢ (8St) 916 (ODH) |osauod-8se) ueljizeig (26002) [& 32 BN
sajelienod oy Juaunsnlpy | (1D %S56) ¥y Kiobaje) (s1eak) aby (sesed) spalqng ubBisep Apnig | aweu Apnas ‘Aiauno) Apmsg

(panunuon) °| ojqe]

1931

10.1038/bjc.2013.438

www.bjcancer.com | DOI


http://www.bjcancer.com

, and breast cancer

ionine

Vitamin Bg, B> and meth

BRITISH JOURNAL OF CANCER

(11/1H/HH) @dhiousb | INOD Aq peiussaid sem 47d JO UONRIUSIUOD URSW BY} ‘3|qR|IBAR JOU SBM ¥y 9Snedaq ‘sisk|eue [eulj 8yl Ul PapN|oxe 8iem SaIpnis oml 3Yl,
“jsU eAne[al =¥y ‘ejnuinb =7 ‘eleydsoyd- g [exopuhd = J7d ‘Apnis [osiuod—esed peseg-uonejndod =04 ‘Apnis |ouod-ased palseu =N ‘JusjeAinba dljogelsw = | J ‘Jusuiessy
Juswade|dal suowloy = |yH ‘Apnis |onuod—8sed paseg-lesdsoy=DDH ‘esessip isealq ubluaq jo Aioisiy=qggH “edued 1sealq jo Aloisly Ajiwe} =DgH4 ‘esessjsuenAyisw-|oyosied=| NQD ‘[eAl8lul 8d2Uspiuod =|)) Xapul ssew Apog=|\g :suoneinaiqay

(2z'1-98°0) €0°L 08¢
(10°1-0£°0) ¥8°0 88'L
(£6:0-£9°0) 180 9S'L

L

(Kep 1ad Bw) 5z'|

|INgG pue |2A8] uoieonpa
‘smels Buiyows ‘|oyoo|e ‘Alanoe edisAyd ‘esn
1¥H ‘esn aandeoeijuod |eso ‘uoneloe| pue Aued

‘ayoleusw 1e abe ‘smeis ,mm;mQchE ‘Aoiuyig 99 UIWeLA 08-/2 (9€6) 95202 aAndedsoly Apms SODIN @yl ‘eljensny (£102) |e 1@ nosseg
(85°1-S£°0) 60°L 067 <
(rS'1-18°0) LL'L 06'7—/8'€
(ov'1-£8°0) 0L'L 18'€-62°C
L (Rep sod Bw) gz'z>
smels |esnedousw pue asn andeseinuod
|edo "“DgH4 ‘b_‘_ma_ ‘loyooje ‘snjeis analebid
‘axerul aiqyy Ajiep |ejol ‘Aep uad axejur ABisus
|e101 jeam sad sinoy |J|A [e10} ‘[AIg ‘uonesnpa
‘Aydiuyie ‘(auawnsnipe [eninw) suluolyiaw ‘ee|jo} Apmg 1soue)
‘2hg UlWeA 79 UIWBLIA ‘S UlWeYIA ‘811udd ‘aby 7g ulwepp 6/-SC (Sz€2) 0587 (DDd) [oluoo-asen sealg s1auoD 3yl 'YSN (€102) [e 10 Buex
(86'0-05°0) 0£°0 99LL<
(80'L-G5°0) ££0 99LL-1'99
(S2'1-99°0) 160 099-C'Ly
L (_ llowy) 'L y>
Auanoe [eaishyd snoioBia
/a1eiopow Ajiep jo sinoy ‘joueyia ‘smejs Bunjows
uand ‘esnedousw |einjeu e abe ‘AwoldaisisAy
iEoUmLo;Qoo ‘ssuowoy m>_«Q®ombcoo
J0 asn ‘Aued 1siiy 1e obe ‘Aued ‘syoieusw
1e 8B ‘|\g 'DgHA ‘uonesnpa ‘melp poojd e asn
1¥H pue meip poolq aiojeq Bunsey sinoy ‘melp
pooq jo ayep "Auojuge ‘eus Apmis ‘yuiq jo eleg d1d (900 ZivlL (ODN) 2AB22dsoid | HOYOD IIUPSBINA 841 VSN (€102) e 32 2un]
(26'0-92°0) ¥9°0 0£0<
(¢5'2-¥9°0) 8£°0 0£'0-85°0
| (kep uad Bw) gg'0>
ovejul ABisus
|e301 pue syuawa|ddns uiweyA-NW Jo 8sN ‘DgH4
‘asn auowuoy [esnedousw-jsod ‘asnedousw
1e abe ‘smeys [esnedousw ‘Aued ‘Aoueubaid
wis)-||ny 1su1y 18 abe ‘aypieusw 1e abe ‘Jusw|olus
1e abe ‘smeys Bupise} pue Juswioius Jo ajeq 7g ulwenp [ ¢4 (L6€) 28L (DDH) |03uod-8seD eulyd (L102) |2 32 noyd
(9'1-9£°0) SO'L €C°C
(9€°1-9£°0) 20'L 88'L
(€e'L=£L0) LO'L L9'L
(19'1-86'0) 92°L 0S'L
L €L
sajellenod Joj uswsnlpy | (1D %S56) ¥y Kiobaye) (s1eak) aby (sesed) s1oalqng uBisep Apnig | aweu Apnas ‘Aiauno) Apmg

(panunuoeD) | s|qe]

www.bjcancer.com | DOI:10.1038/bjc.2013.438

1932


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

, and breast cancer

ionine

Vitamin B, B> and meth

(01°1-25°0) 940 L'2LS<
(68'0-27°0) 29°0 S'LLS6'69V
(8€"1-69°0) 86'0 '697-8'68¢€
(80°'L-150) S£°0 9'68€-5°0¢€E

(, - |wbd)goze>

asn auowwoy [esnedousu
-150d jo uoneinp pue g ‘exelul [oyode
‘DggH '4a1sis e Jo Jayiow Ul DgH ‘esnedousw

Apng

18 aBe ‘g 151y 1e abe ‘Aiied ‘aydieusu je 8By °'gns 69-€ (210 veyl (DON) endadsoig YieaH ,SesINN 2YL VSN (€002) [e 32 Bueyz
(ze'1-22°0) 10'L SO
(9€°1-08°0) SO'L O
(6" L=£8°0) ¥L'L €0
(P7'1-G8°0) LL'L [4e}
| 1O
el
pooy [ewiue |e10] pue ‘exeiul o|qelaban pue 1ini)
|e101 ‘oned Q_;uw_m\s ‘Kinioe _muﬁ\fm ‘asnedousaw
1e obe ‘sneis _mmzmQ0c®E ‘Yuiq anl| 181y 1e abe
‘fed ‘sypieusw e abe ‘ewouspeoiqy jo Aioisiy Apnmg Jeoue)
Jeuosied ‘DgH4 ‘uoneonpa ‘abe ‘ABisus |e10] Zlg ulwelp 9-G2 (Lzel) (DDd) [04au0d-85RD) 1seaig leybueys ay| ‘euiyd (L007) [e 1@ 8|osgniys
L0°98Y S|OBU0D ‘Z6° L0V 1S95ED)
LoD
8G'8EY S|0AU0D ‘v 8Ty $95eD)
lNOD
95°00§ ‘s|oAuo)y
'£6°05Y s95€D) 2'09:104u0)
1 LNOD 7’09
SUON o, - |wBd) Zigpg ‘sesed (CL1) szz (DDN) @Anoadsouy vsn 2(L00) [B 32 Uewpoon
(S1'1-0Z°0) 87°0 SO
(95'L-£Z°0) §9°0 48
(8€'2-8€°0) S6°0 €0
(¥9'1-G2°0) ¥9°0 20
| §o)
uoieuop
poo|q jo teak pue smess esnedouaw ‘aBy crans 06781 (oL1) oez (DON) @adadsoig ueq wniss (QIN) VSN | HOYOD 6861 41 ‘(26661) B 32 M
(06'0-£1°0) 6£°0 SO
(r0'z-8€°0) 88°0 vO
(95'2-57°0) 90'L €0
(€€2-Lv'0) vO'L 20
| 1O
uoijeuop
poojq jo teak pue smess |esnedousw ‘aby raAs 06781 (€€1) 99¢ (DON) @adadsoig ueq winiss (QIN) VSN | HOYOd /61 34 ‘(26661) (239 N
sajelienod oy uaunsnlpy | (1D %S6) ¥y KioBere) (s1eak) aby (soseo) syoalgng ubBisep Apnis | sweu Apnys ‘Aiauno) Apmis

Sl J8dUeD 1seauq pue axejul chg uiwelA pue (CLgAS) ¢tg UIWBLA WNISs Uo SaIpNis JO sdlisusloeiey) g d|geL

1933

10.1038/bjc.2013.438

www.bjcancer.com | DOI


http://www.bjcancer.com

, and breast cancer

ionine

Vitamin Bg, B> and meth

BRITISH JOURNAL OF CANCER

(92°1-69°0) 06'0

WAS

(SZ'1-¥9°0) 06'0

€/L76¢

l

(Rep 1ad B1) ' >

'SYUIQ 9AI| JO Jequinu pue ‘sieak g Buipadaid

2y Ul Ayanoe |eoishyd eresspoul ‘joyodje ‘Bupjows clg uiweyp ¥/-0C (8s¥) 916 (ODH) |osuoo-8se) (26002) I& 3° B
(r¥'L-¥S"0) 88°0 L'/<
(P6'L-€£°0) 61°L L'/=9'S
(E€'L-9¥°0) 8£°0 9'5-8Y
(0L'1-6£0) 990 8'7-8¢
00'L (Rep sod Br)g'e>
°g uieyp
(28'1-26°0) 62°L 989 <
L1180 €TL 989-¢CLS
(r0'z=€0'1) S¥'L LGPy
(95'1-08°0) ZL'L Vlv-L€€
L (,-|wbd)zee>
yuiq 1sa14 1e abe pue Aued ‘esnedousw
1e obe ‘ayoleusw 1e abe ‘joyooe ‘Aiande
|eaisAyd ‘Bunjows ‘qggH ‘ennejas saiBap-isily
e U DgH4 IINg ‘Huswubisse Juswieal) pasiwopuel
‘81ep UOIeSIWIOpUE] e} pue ash suowloy
|esnedousw-1sod ‘uinjas poo|q Jo Jeak pue yuow Apms
'smels Bunsey ‘smess [esnedousw Aipiupe ‘aby cans Gr< (878) 9691 (DON) ennadsoud UYHERH S,usWom @Yl 'vSn (8002) e 32 un
(61°1-8£°0) 96'0 6
(6€°L-€6°0) €L°L L
(¢'1-88°0) 80'L 9
(PE€'1-06°0) 60°L S
L (Kep sad B1) 4
1.} |ewiue pue ABisus
‘loyoole ‘asn aandedenuod [eio ‘gdgH ‘DgH4
‘ayoleusw 1e abe ‘||Ag ‘yuiq 1s1iy 1e aBe pue Aued
yBiay ‘Bunjows ‘824> alieuuonsanb juaind Il Apms
3Up 4o Jeak sepus|ed ‘dn-mojjoj jo wess je 2By ctg ulweyp 9v-9¢ (zeol) £9906 anpadsoud YHeaH ,S8sINN BYL VSN (£002) [& 32 °04D
(0z'1-06°0) SO°L LD sA SO
Jespun ctg uiwenp - (z181) 6££29 anpadsoud HOYod NEJ @Yy ‘eouely (a9002) Je 39 snofen
(6v°0-2Z°0) Z€0 'L
(€£'0-9€°0) LSO 89'S
(01'1-65°0) 08'0 €0y
| (Kep uad B11) |97
axeul
18} pajeiniesunijod pue axejur aespAyoaqies
2.qy \r_Ew:u ‘@yelul auojed [e10} ‘|INg ‘b_‘_ma 'snieis
|esnedousw ‘“DgH4 ‘SN1els dILOU0330100s BBy 2lg ulweyp 78-81 (S/%) 9981 (DDd) |oiuoo-ase) 02IX3|\ (29002) e 1@ snole
sajelienod Jdoj Jusunsnlpy | (1D %S6) ¥y Kiobaye) (s1eak) aby (sased) s1dalqng uBisep Apnig | aweu Apns ‘Aipuno) Apmg

(panunuod) g 8|qel

www.bjcancer.com | DOI:10.1038/bjc.2013.438

1934


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

, and breast cancer

ionine

Vitamin B, B> and meth

(Zl'1-19°0) £8°0 0S'y
(61'1-69°0) 160 Le
(S1'1-89°0) 88°0 vr'Z
(r1'1-69°0) 68°0 €8l

00°L (kep 1ad 61) 00" L

smejs [esnedousw pue

‘1e} pue ss|qeiaban ‘ABisus jo saxeiul Ajiep |e10)
pue qyBiay ‘Juswa|ddns uiwela g e jo asn ‘Alanoe
|eaisAyd ‘Juswiuiene [euonedNpPa ‘YuIq SAI| 1Sl

Apms wieay

1e obe ‘Aed ‘ayoieusw 1e abe ‘suljeseq 1e aby Zhg ulweyp 0/-0% (8L/) 9182/ aAnpadsoly s,usWopA leyBueys ‘eulyd (1102) [e 3@ 2]0sgniys
(¥Z'1-95°0) €8°0 6C°C<
(L1'1-05°0) ¥£°0 62°CLS'L
(60'L-67°0) ¥£°0 LS1-€6'0
00'L (Aep 1ad B11) £6'0>
axejul ABisus
|e30} pue Bupjows aaissed ‘Apanoe |edisAyd ‘DgH4
‘aggH 'INg 'Buipssjiseaid Jo syuow ‘yuiq
2N 381y 38 dBe pue syuiq aAy| ‘aydieusu je by ctg uwenp 0/-5¢ (8ev) 948 (DDH) |osuoo-ased eulyd (1107) [ 12 Bueyz
(61°1-08°0) 86'0 L0°6<
(91°1-6£0) 960 L0696'%
(90°1-98°0) 560 96'7-08'C
(¥0'1-58°0) ¥6'0 08'Z-6'L
00'L (Aep Jad Br) pg°| >
ABiaua pue |Ng 'Aianoe |edishyd
‘asnedousw 1e abe ‘aydleusw e obe ‘yHiq 3saiy e
abe pue Aued ‘] yH ‘dwnj isealq jo Koisiy ‘DgH4
‘uopednpa ‘edel ‘asn ujWeHARNW ‘|oyode 9By ctg uwenp /S (868€) 959 0L anndadsolg HOYoD UORIINN [I-SdD VSN (0102) [& 32 suanarg
(81°1-0£°0) L60 £€'6
(90'1-99°0) ¥8'0 vL'9
(€2'1-08°0) 66°0 444
00'L (kep uod B1) 11T
axelur ABisus pue seak 3sed ayy ul axelul [oyod|e
‘Aianoe |eaisAyd ‘|ng ‘esn suowioy [esnedousu
-1s0d ‘unseboud pue usboisa0 pauIquiod jo sieak
‘asnedousauw 1e abe ‘yuiq 1siiy 18 abe ‘aypieusw e
aBe 'Asdoiq 1seaiq jo Aioisiy ‘suljeseq Buipasaid
sieak z uiyum AydesBowwew ‘HgHS ‘evel ‘aby ctg uwenp 9/-0S (ev2) €20SE anpoadsoig | Apmis Loyod T LIA 841 VSN (9'26002) |2 32 ey
(rZ'1-05°0) 6£°0 €0L<
(€9°1-99°0) €0°L €0L—v'L
00'L (kep Jod B) />
sieak g Buipacaid
ayy ul Auanoe [esishyd slesspow pue syuiq
S| Jo Jaquunu ‘Buipss) 1sea1q ‘Snjels uonenisusw
‘uswiom snosed Ul yuiq oAl 1s11) 1e 9B ‘aydieusw
1e abe ‘joyooje ‘Bupjows ‘uonednpa ‘|Ng ctg uweyp ¥/-0C (88¢€) 94L (DDH) |osruoo-8s8D ueder (96002) [e 32 BN
sajelenod Joy uswsnlpy | (1D %S56) ¥y KioBarer (s1eak) aby (sesed) syalqng uBisep Apnis | aweu Apnas ‘Aiauno) Apmg

(panunuon) -z jgel

1935

10.1038/bjc.2013.438

www.bjcancer.com | DOI


http://www.bjcancer.com

, and breast cancer

ionine

Vitamin Bg, B> and meth

BRITISH JOURNAL OF CANCER

“(1/IH/HH) @dhiousb |NOD Aq perussaid sem d1d JO UONEIUBIUOD UBSW BU) '3|Ge|IBAR 10U SEM 3y 5nedaq ‘siskjeue jeuly sy ul papnpxe Apmis 8y,
“jsU eAnejal = ¥y ‘8jnuinb =7 ‘e1eydsoyd- g [exopuhd = 474 ‘Apnis [osuod-ased peseqg-uonejndod =204 ‘Apnis |[0uod-8sed palseu = D)DN ‘Jus[eAinbe dljogelsw = | J ‘lusuiess}
Juswade|dal suowIoy = | yH ‘Apnis |01juoo—ased paseg-jendsoy=DDH ‘eseasip 1sealq ubluaq jo Aioisiy=qggH 4adued 1seaiq jo Kioisly Ajiwe)=DgHH ‘eselajsuenjAyiaw-O-joydaied = | NOD {[eAIS1Ul 82USPIUOD = | Xapul ssew Apoq = ||A|g :SUONEeIARIgQY

v 1-00'1) LZ'L L9y
(71'1-8£°0) ¥6'0 0'€
(£Z'1-68°0) 90'L €€¢

00°L

(Rep 1ad B11) 99"

|INg pue [2A8] uoneoNpa
‘smejs Buijows ‘joyoo|e ‘Aianoe edisAyd ‘esn
1¥H ‘esn aandasoeijuod [eso ‘uoneloe| pue Aued

‘ayoleusw 1e abe ‘sneis _mm:mQOr_mE ‘Apiuyig Zlg ulwenpn 08-/2 (9€6) 95202 aAdadsoiy Apnis SODIA @Yy ‘eljensny (£102) [e 1@ nosseg
(00'L-€5°0) €£°0 86'€l <
(L1'1-29°0) €8°0 86'€L—8L'6
(€6'0-09°0) S£°0 8L67¢ES
00'L (Rep sad Bri) zg'g>
smejs |esnedousw pue asn aAndesenuod
|ei0 ‘DgH4 ‘Aiued ‘joyooje ‘snieis anaebd
‘axerur aiqy Ajiep [ejol ‘Aep uad axejur ABisus
|e101 “yoam Jad sinoy | JA [e101 ‘|Ng ‘uonesnpa
‘Ao1iuyie ‘quswisnipe [eninw) suluoIylaW ‘81e[o) Apris seoued
‘ZLg UILEHA ‘g UILLBYIA ‘g UIWeA ‘e1usd aby eig uwenp 6152 (52€2) 058 (00d) [onuod-ose) Isealg SI9UI0D-p B 'YSN (€102) [e 10 Bue,
(rS'2-€£°0) €80 SL'g<
(S9°1-€5°0) 68°0 §l'8-6C'S
00'L (Rep sod B1) g7'6>
el
ABisus |e101 pue spusws|ddns uiweyA-nNw Jo
asn ' ‘asn auouuoy |esnedousw-isod ‘esnedousw
1e obe ‘snieys |esnedousw ‘Ayied ‘AoueuBeid
wus)-||ny I8y 1e obe ‘sydieusw e aBe ‘Jusw|oiud
1e obe ‘sme3s Buise} pue Juawolua Jo aleq 2ig uiwenp 2Lz (168) 28 (DDH) [onuoo-osed eulyd (L102) [e 32 noyd
sajellenod Joj uswnsnlpy | (1D %S56) ¥y KioBare) (saeak) aby (sesed) sy1oalqng ubBisep Apnis | aweu Apnas ‘Aipuno) Apmg

(psnunuo)) ‘g 99el

www.bjcancer.com | DOI:10.1038/bjc.2013.438

1936


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

, and breast cancer

ionine

Vitamin B, B> and meth

(9€71-68°0) 0L ST
(90°1-0£°0) 98°0 44
(S2'1-58°0) €0'L 0¢
(€1'1-9£°0) 26'0 8l

18} |ewiue pue ABisus

‘loyoole ‘asn aandedenuod (o ‘gdgH ‘DgH4
‘aypleusw 1e abe ‘||Ag ‘Yuig 1say 1e aBe pue Aued
yBiay ‘Bunjows ‘a|2Ad asreuuonsanb juaund

aA0adsouy

Il Aprg

ayp Jo Jeak Jepua|ed ‘dn-mojjoj o Liess e aby 00l (Kep 4ad B) 97| 9r—9¢ (zeol) €9906 YHeaH sesinN 2yl 'vsn (£002) & 32 04D
(SL1=2Z°0) 050 90l <
(62'1-5€°0) £L9°0 90'L-6L°0
(8L°L-0"0) 69°0 8/0-55°0
Kep uad axerul ABisus |e10) pue ‘) pue Ztg '9g '2g
uiwelA Jo axejul ‘1sa) Ayjuajul ue Buiney ‘1yBram
9s0| 0} 18Ip B UO ‘YuIq sl 1e abe ‘aydleusw
1e obe ‘sebeluedsiw jo Jaquinu ‘saipueubaid
Jo saquuinu ‘Auanoe eaisAyd ‘1yBiay ‘1yBrem
'D8H4 ‘aggH 'suocssisaboud jo asn ‘usBonsao
Jo asn ‘smejs |esnedousw ‘ped ssaiew/axuelq
o1309(e Jo asn ‘Bupjows ‘uoibijal ‘ployasnoy
ajdoad jo Jaquinu ‘awiodul ‘[oAs) [eUONEINPS
'smes [ejuew ‘smels Juswiholdws ‘aBy 00l (Kep Jad B) p50> 0z< (0g) 609 (0Dd) |onuco-ase)n vsn (€002) |8 32 nyz
(LL'L=£L0) 260 0L <
(0Z'1-¥8°0) LO'L 70'1-88°0
(82°1-16°0) 80'L 88'0-9L°0
(0z'L-58°0) LO°L 9L0-¥9°0
‘ABisua pue
ureB 1yBram ynpe ‘|Ag ‘Auanoe [eaisAyd ‘eyoseusw
1e obe ‘asnedousw 1e abe ‘yuiq isily je abe
pue Aued ‘asn | yH ‘Aioisiy oiydesBowwew ‘dwn)
1seaiq jo Kioisly ‘DgH4 @a168p-isily ‘uoneanpa HoyoD uonnN
‘a0l ‘asn ulWeNARINW ‘S1e|o} Aielaip ‘|oyod|e ‘aby 00l (kep 12d B) 490> ¥/-0S (€0€L) 19599 annoadsoud 1I-5dD @43 "vsn (€007) [ 32 uos|ablay
(9171-¥5°0) 6£°0 SO
(9€'L-v£0) 00°L 148
(2L'1-€90) ¥8°0 €0
vz 1-€£0) S6'0 [4e)
el
pooy [ewiue |20} pue ‘aejul ajqeraban pue Ny
|exo1 ‘ones diy:asiem ‘Auanoe |eaisAyd ‘ssnedousw
1e obe ‘sniejs |esnedousw ‘Yuiq oAl 184y 1@ abe
'Ayied ‘aypieusw 1e obe ‘ewouspeoiqy jo Aioisiy Apmg Jeoue))
[euosiad 'DgH4 ‘uoneanps ‘abe ‘ABisus [ero| 00l 1O ¥9-6¢ (lzel) eose (00d) |osu0o-8sE) iseaig feybueys ayL ‘euyd (L002) Je 32 ®josqniys
SNJels JIWOUODD0I0S
‘smeys Bunjows ‘Auedijnu ‘aydieusw (Kep sod B)
1e abe ‘asn suouioy snouaboxa ‘|Ng 2By (61'2=9L°0) 62T°L LELSAELL 08-8€ (€v) 671 (02d) |osuoo-8se] DINVANG @Yl ‘veuusn (8661) |& 32 pueioy|
sajelienod Jdoy Jusunsnlpy| (1D %S6) ¥Y KioBere) (s1eah) aby (soseo) syaalgng uBisep Apnis | sweu Apnys ‘Aiauno) Apms

sl Jsdued 1sesuq pue

93elul suluolylaw uo salpnis JO soiisusldeleyy) ‘¢ a|qe

1937

10.1038/bjc.2013.438

www.bjcancer.com | DOI


http://www.bjcancer.com

, and breast cancer

ionine

Vitamin Bg, B> and meth

BRITISH JOURNAL OF CANCER

(82°1-99°0) 260 L6'L
(ze'1-€£°0) 86'0 S§9'L
(€2°L-1LL0) ¥6'0 8yl
(92°1-9£°0) 860 el

snieys jesnedousw pue

1} pue a|geiaben ‘ABiaua jo sedeiul Ajlep |ei0)
pue ‘1yBiay ‘quswsa|ddns uiwela g e jo asn ‘Alianoe
|e21sAyd “Juswiuielie [euonednpa ‘yuig oAl 1siiy

Apms wiesy

1e abe ‘Aued ‘eyoseusw 1e abe ‘auljeseq 1e aby 00'L (Rep sod B) g1°| 0/-0% (8L2) 9182, annadsoly s,uswopn leyBueys ‘eulyd (L102) Je 18 8josgniys
(£1'1-€5°0) 6£°0 8e'L<
(81'L-€5°0) 6£°0 8e'L-0L'L
(rZ'1-95°0) €8°'0 0L'L-¥80
ayejul ABisua
|e101 pue Bunjows aaissed ‘Aianoe |eaisAyd ‘DgH4
'aggH 'IINg 'Buipssfiseaid Jo sypuow ‘yuiq
an)| 181l 38 oBe pue syuiq aA)| ‘aydieusul je aby 00°'L (Kep uad B) 80> 0/-S¢ (8€Y) 948 (DDH) |osu0d-8se) eulyd (1102) [e 12 Bueyz
(86'0-6£°0) 88°0 0L <
(€0'L-¥8°0) €6'0 70'1—-88°0
(80'1L-88°0) 86'0 88'0—9/0
(L0'L-€8°0) 26'0 9L'0-¥9°0
ABiaus pue [Ag ‘Auanoe |edishyd
‘asnedousw je abe ‘ayoleusw 1e abe ‘yuiq 1sil) 18
sbe pue Aued ‘| yH ‘dwn| isealq jo Koisiy ‘DgH4
‘uoednpa ‘adel ‘ash ujWepA-pINW ‘joyodje ‘aby 00°L (kep 1ad B) 190> /S (868€) 9590, aanoadsoud HOYoD uonIn [1-5dD VSN (0102) e 32 suanerg
(60'1-95°0) 8£°0 L1C
(80'L-59°0) ¥8'0 65l
(€z'1-8L0) 86'0 14
axejur ABiaus pue Jeak ised ayy Ul axelul joyode
‘Aianoe [eaisAyd ‘|Ag ‘asn suowioy esnedousw
-1s0d unseboud pue usBoiisso paulquiod Jo sieak
‘asnedousw e abe 'yuiq 1siiy 18 abe ‘aypieusw e
abe 'Asdoiq 1seaiq jo Aioisiy ‘suljeseq Buipadaid
sieak z unm AydesBowwew ‘DgH ‘evel ‘aby 00'L (kep 12d B) zg'0 9/-0S (ev2) €20SE anoadsoid | Apmis Loyod TYLIA 84l VSN (9'26002) [e 32 inie
(0€'1-69°0) ¥6'0 E'1-90"L
(92°1-£L°0) 860 90'1-98°0
(€2'1-LL0) L6'0 98'0-G9°0
afeur ABizua Ajtep pue oby 00'L (Rep 12d 6) 690> - (805 1) ¥90¢€ (02d) [onuod-ese) vsn (8002) [& 22 nX
(71'1-88°0) 00'L 8y'¢<
(21'1-98°0) 86'0 8v'¢-0¢'¢
(2Z'1-56'0) 80'L 02'2-00C
(61'1-26°0) v0'L 002-8L'L
|oyooe pue saLiojed
4O &erul ‘| yH ‘esn w>z&wumbc0u |elo cﬁrm&
‘ayoseusuw Je abe ‘Asdoiq 1seaiq jo Kioisly ‘DgH4
‘sniels [esnedouaiu ‘uoneonpa jo sieak ‘||Ng ‘eby 00°'L (Kep ad B) g/"| > 65-0v (L6¥2) S€8 68 anpadsolg SSEND ‘epeued (8002) /& 32 1eqEy

sa)elienod Joj Jusunsnipy

(1D %S6) ¥y

KioBare)

(s1eak) aby

(sesed) syoalqng

uBisep Apnis

sweu Apnis ‘Aiuno)

Apms

(penupuoD) “¢ el

www.bjcancer.com | DOI:10.1038/bjc.2013.438

1938


http://www.bjcancer.com

Vitamin B, B1> and methionine, and breast cancer

BRITISH JOURNAL OF CANCER

LS =
Egg‘ q;'a_:_
228y ST g
EEYET 4 E g5
%‘l’_g.goa $ 3%
r T T © o
~5588° 28
n| S ECFI® © a5
O 2o, > 9 ma)g
olc 2= 3 o 9
=238 X ® s g
SlET oD £ Q s B =
FleEccs 82 ERN
S5 g5 20 §°%%
ols232 =g E e S
O|@2= »cp <0 o
L5235 86 S 2T
O|E 22 v g @ 6> €
TIEEc848 §% %3
2= @ =
E1>8Z29¢ ¢ 5% =3
[ =R = £ 8=
EAECD:C Q. .0 % <
ElgE8sses 2528
Bl sRB0e @ S .0%
Slgw Y55 e c 2 .9
T|loS23 205 £5 8
ke =
-2<(u9wa>uu Ww 9o S o
= g |® |7 S
(6] N |= (= N e | =
o g < e =
X o b |4 |d g b [1b |S
n S © |0 (@ |2 Q |~ D
o = e |e |e | e (e |e
<
n O |© S |© |~
o S (S |& S | |&
o -~ |~ |o - |© |©
B =
©
(T 3
55 glels |t
> |= o | &
o TN S e & I12|3
e 82|72 21212
0 - d <
82 Pl
\ -
P
M
£
S |o o
~ 0
2| ] T
wn ~
wN o~
(2]
—_
(%)
2
7o) —
AR 3
=~ (<8
w0
o 0
ksl '
q)CD ~
—| o
o] N
a
c |0
O
R lp
0=
[ e) o
o | = >
C ﬁ
3|3 :
S |3 &
2 o
&S &
[
>
§ 8 E
€8 8
(%]
T e g
5|0 O
2| =
n |0 °
|95 =
5% 2 3
=R RCNY] ©
cJ:;_ =
£ 5 s
3| - 0O s
o< ¢ 7]
v © 3
0|50 <
—~
o
9]
=]
c
=
c —~
(e} . ©
@) ) o
N b= S
. S =
(32] ] E
O > & =
o EiE= 2
© 2§ @
= w | > o

metabolic equivalent;

= history of benign breast disease; HCC = hospital-based case—control study; HRT =hormone replacement treatment; MET =

family history of breast cancer; HBBD

population-based case—control study; PLP = pyridoxal 5'-phosphate; Q

Abbreviations: BMI=body mass index; Cl= confidence interval; FHBC

NCC = nested case—control study; PCC

quintile; RR = relative risk.

of the following covariates: alcohol, smoking, BMI, FHBC,
reproductive factors (= 3), physical activity, energy intake, dietary
factors (>2) and use of exogenous hormones. For the analysis
between breast cancer risk and dietary vitamin B;, intake, study
design was found contributing significantly to the between-study
heterogeneity overall (P=0.02) and among post-menopausal
women (P = 0.02). No significant findings were found in the other
analysis.

Sensitivity analysis and publication bias. Sensitivity analysis
showed that no individual study had excessive influence on the
above mentioned pooled effect. Egger test showed no evidence of
significant publication bias for the analysis between breast cancer
risk and serum PLP levels (P = 0.10), vitamin By intake (P =0.14),
serum vitamin By, levels (P =0.18), vitamin B;, intake (P =0.12)
and methionine (P=0.49). The funnel plots were provided in the
Supplementary Material.

DISCUSSION

The findings from this meta-analysis indicated that increased
serum PLP levels and dietary methionine intake might be
significantly associated with reduced risk of breast cancer,
especially for post-menopausal women. No significant association
was found between dietary vitamin Bg intake, serum vitamin B,
and dietary vitamin B, intake and risk of breast cancer.

Several biological mechanisms for the inverse relationship of
vitamin Bg, vitamin B, and methionine with the development of
breast cancer have been proposed. First, vitamin Bg, By, and
methionine participate in one-carbon metabolism, which is
essential for DNA synthesis, repair and methylation (Ames,
2001), and vitamins B¢ and B, deficiencies also cause high uracil
and chromosome breaks (Blount et al, 1997). Thus, deficiency in
these nutrients may interfere with DNA methylation and synthesis,
leading to aberrant gene expression and DNA instability, and
eventually the development of cancer (Davis and Uthus, 2004). In
addition, low B-group vitamin concentrations are associated with
inflammation and higher oxidative stress (Shen et al, 2010), and
antioxidants supplementation with B-group vitamins could
enhance antioxidant capacity. Although the mechanism for the
stronger association found for post-menopausal women remains
unclear, previous meta-analysis also suggested that post-meno-
pausal women are more susceptible to a wide range of dietary
factors, including dietary fibre, vitamin A, f-carotene, retinol,
vitamin C, calories, fat (Howe et al, 1990; Wu et al, 1999a,b), folate
acid (Larsson et al, 2007), fatty acids (Saadatian-Elahi et al, 2004),
and coffee and caffeine (Jiang et al, 2013), regarding their
association with breast cancer risk. In addition, although these
nutrient interactions were also proposed, no apparent joint
association with high folate intake was found in this meta-analysis,
which is consistent with the previous study (Zhang et al, 2008).

As a meta-analysis of published observational studies, our
findings have several limitations. First, disparate results were found
on dietary vitamin B intake and PLP with the risk of breast cancer.
The multivariable Pearson’s correlation coefficients between
plasma levels of vitamin Bs and vitamin Bj,, and the average
intakes of vitamin B¢ and vitamin B, from food was 0.25 and 0.08,
respectively (Zhang et al, 2003). In this respect, the serum
biomarker of vitamin Bg (PLP) and vitamin B;, was able to
examine these associations with higher precision. Disparate results
between serum biomarkers of vitamins and dietary intake of
vitamins and breast cancer risk were also found in other meta-
analysis, such as vitamin Bg (Larsson et al, 2007) and vitamin D
(Chen et al, 2010). Second, a meta-analysis of observational studies
is susceptible to potential bias inherent in the original studies,
especially for case-control studies. Stronger association was found
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Table 4. Summary risk estimates of the association between vitamin By, vitamin B;, and methionine and breast cancer risk

\ Risk estimate (95% ClI) H Heterogeneity test

Nutrients Study No. (cases) | No. (studies) REM P-value P (%) P- value
Vitamin Bg PLP? 2509 5 0.80 (0.66-0.98) 0.03 0.30 0.40
Menopausal status

Pre-menopausal 622 4 1.16 (0.67-2.02) 0.59 16.0 0.31

Post-menopausal 1871 5 0.71 (0.57-0.88) 0.00 0.00 0.49
ER and PR status (positive: +, negative: —)

ER+ 1577 3 0.69 (0.47-1.02) 0.06 61.3 0.08

ER— 348 3 0.90 (0.50-1.62) 0.73 0.00 0.89

PR+ 1414 3 0.70 (0.48-1.01) 0.06 53.6 0.12

PR — 482 3 0.87 (0.55-1.39) 0.56 0.00 0.89

Dietary intake 14260 14 0.95 (0.83-1.08) 0.45 56.2 0.01
Study design

Prospective 8175 6 1.03 (0.94-1.14) 0.55 0.00 0.54

Case—control 6085 8 0.85 (0.65-1.12) 0.25 711 0.00
Menopausal status

Pre-menopausal 1885 5 0.94 (0.66-1.33) 0.73 64.9 0.02

Post-menopausal 5661 6 0.90 (0.78-1.04) 0.16 0.80 0.41
Geographic region where the study was conducted

America 9779 7 1.02 (0.92-1.14) 0.69 0.00 0.49

Asia 3256 5 0.84 (0.56-1.27) 0.41 78.3 0.00
ER and PR status (positive: +, negative: —)

ER+ 2684 6 1.02 (0.88-1.19) 0.80 0.00 0.48

ER— 1089 6 0.91 (0.71-1.18) 0.49 25.2 0.25

PR+ 1493 4 1.05 (0.89-1.23) 0.56 0.00 0.76

PR — 579 5 0.83 (0.64-1.08) 0.16 2.30 0.39
Vitamin Bq, Serum® 1803 4 0.73(0.44-1.22) 0.23 72.5 0.01
Menopausal status

Pre-menopausal 622 4 0.78 (0.34-1.81) 0.57 60.2 0.06

Post-menopausal 1165 4 0.79 (0.47-1.31) 0.35 59.0 0.06

Dietary intake 15783 14 0.88 (0.77-1.00) 0.05 68.9 0.00
Study design

Prospective 9987 7 1.01 (0.93-1.10) 0.83 10.3 0.35

Case—control 5796 7 0.74 (0.56-0.98) 0.04 74.5 0.00
Menopausal status

Pre-menopausal 1567 3 0.87 (0.64-1.19) 0.38 37.1 0.20

Post-menopausal 7111 5 0.74 (0.53-1.03) 0.07 87.3 0.00
Geographic region where the study was conducted

America 9779 7 0.79 (0.63-1.00) 0.05 78.4 0.00

Asia 3256 5 0.89 (0.75-1.04) 0.14 0.00 0.83
ER and PR status (positive: +, negative: —)

ER+ 2416 5 0.83 (0.62-1.12) 0.22 64.0 0.03

ER— 986 5 1.02 (0.81-1.29) 0.85 0.00 0.54

PR+ 1198 3 0.96 (0.70-1.33) 0.25 58.2 0.09

PR — 503 4 0.95 (0.71-1.26) 0.38 4.50 0.37
Methionine Dietary intake 17 060 13 0.94 (0.89-0.99) 0.03 0.00 0.52
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Table 4. (Continued)

[ Risk estimate (95% ClI) H Heterogeneity test ‘

Nutrients ‘ Study ‘ No. (cases) ‘ No. (studies) ‘ REM ‘ P-value ‘ P (%) ‘ P- value
Study design

Prospective 11121 7 0.94 (0.88-1.00) 0.06 0.00 0.45

Case—control 5939 6 0.92 (0.80-1.06) 0.26 6.00 0.38
Menopausal status

Pre-menopausal 1377 2 1.06 (0.87-1.30) 0.56 0.00 0.34
Post-menopausal 6060 5 0.89 (0.82-0.97) 0.01 0.00 0.62

Geographic region where the study was conducted

America 13604 8 0.94 (0.88-1.01) 0.10 14.0 0.32

Asia 2477 3 0.84 (0.68-1.04) 0.11 0.00 0.79
ER and PR) status (positive: +, negative: —)

ER— 900 4 1.12 (0.90-1.40) 0.32 0.00 0.56

ER+ 2150 3 0.88 (0.76-1.02) 0.10 0.00 0.74

PR+ 1000 2 0.93 (0.76-1.13) 0.45 0.00 0.76

PR — 349 2 1.13(0.79-1.62) 0.50 0.00 0.78
Folate + Vitamin By 5461 4 0.91 (0.79-1.04) 0.17 0.00 0.41
Folate + Vitamin B1, 5275 3 0.99 (0.77-1.29) 0.97 54.2 0.11
Folate + Methionine 5318 4 0.81 (0.62-1.05) 0.11 49.2 0.12
Abbreviations: Cl = confidence interval; ER = oestrogen receptor; PLP = pyridoxal 5'-phosphate; PR = progesterone receptor; REM =random effect model.
@Al studies are prospective design.

Author Year RR (95% CI)
Serum PLP
Wu 1999a —~+ > 1.56 (0.59, 4.00)
Wu 1999b > 1.09 (0.49, 2.44)
Zhang 2003 —— 0.70 (0.48, 1.02)
Lin 2008 —_— 0.91 (0.63, 1.30)
Lurie 2012 _— 0.70 (0.50, 0.98)
Subtotal e~ 0.80 (0.66, 0.98)
Dietary vitamin B6
Levi 2001 € 0.54 (0.30, 0.96)
Shrubsole 2001 —> 1.46 (1.01,2.13)
Lajous 2006a,b —_— 0.84 (0.61, 1.13)
Cho 2007 —_— 1.18 (0.96, 1.44)
Lin 2008 —- 1.02 (0.61, 1.69)
Ma 2009a 0.85 (0.53, 1.38)
Ma 2009b —_— 1.18 (0.84, 1.65)
Maruti 2009a,b _— 0.90 (0.66, 1.21)
Stevens 2010 _ 0.95(0.78, 1.17)
Chou 2011 € ~+- 0.64 (0.26, 0.92)
Shrubsole 2011 _— 1.05 (0.76, 1.46)
Zhang 2011 € - 0.46 (0.30, 0.69)
Yang 2013 _ 1.09 (0.75, 1.58)
Bassett 2013 —— 1.03 (0.86, 1.22)
Subtotal <> 0.95 (0.83, 1.08)
T T T T T 1
0.3 0.6 091 12 15 182

Figure 1. The multivariate-adjusted risk of breast cancer for the highest vs lowest categories of serum PLP levels and dietary vitamin B intake in
random-effects model. The size of the grey box is positively proportional to the weight assigned to each study, which is inversely proportional to
the s.e. of the RR, and horizontal lines represent the 95% Cls.
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in the combined results from case-control studies in this meta-
analysis. Overstated association could be expected from the case—
control studies because of recall or selection bias, and early
symptoms in patients may have resulted in a change in dietary
habits. Thus, the results from prospective studies might provide a
more robust estimation of the associations.

1.00 A

0.90 ~

Relative risk
o
[0}
o
.

0.70 +

0.60

T T T T T T T

0 20 40 60 80 100 120 140
Serum pyridoxal 5" —phosphate levels, pmol ml-1

Figure 2. The dose—response analysis between serum PLP and breast
cancer risk, with restricted cubic splines in a multivariate random-
effects dose-response model. The solid line and the long dash line
represent the estimated RR and its 95% CI. Short, dash line represents
the linear relationship.

Third, although we extracted the RRs that reflected the greatest
degree of control for potential confounders, the extent to which
they were adjusted and the possibility that the observed association
was due to unmeasured or residual confounding should be
considered. Furthermore, vitamin Bg intake tends to be associated
with healthy behaviours that may be protective against breast
cancer (Larsson et al, 2010). However, significant association was
also found (0.76 (0.62-0.94)) on serum PLP levels and breast
cancer risk for the three studies that adjusted for the most known
risk factors of breast cancer. In addition, no significant interactions
were found between MTHFR and MTR polymorphisms and B
vitamins (Ma et al, 2009a; Ma et al, 2009b), and result from the
study by Lin et al (2008) suggested a much stronger and significant
association of serum PLP and vitamin B, levels with breast cancer
risk for never user of post-menopausal hormones. However, the
limited data in the reported articles precluded a more robust
assessment of the association by the above-mentioned risk factors.

Fourth, although significant association of PLP levels and
methionine intake with risk of breast cancer was found among
post-menopausal women, while not among pre-menopausal
women, the difference between the two groups was not significant,
and the apparent differences could simply be by chance,
considering relatively small number of studies included, especially
for pre-menopausal women. And subgroup analysis by tumour
stage (in situ or invasive) were not conducted because of limited
data availability (Zhang et al, 2003; Chou et al, 2011). Fifth,
between-study heterogeneity was found in some analysis in this
meta-analysis, but the between-study heterogeneity was not
successfully explained by the subgroup analysis and meta-
regression. However, other genetic and environment variables, as
well as their possible interaction, non-comparable measurement of
nutrients and variation of the covariates and so on, may well be

Author Year RR (95% Cl)
Serum vitamin B12

Wu 1999a & 0.39 (0.17, 0.90)
Wu 1999b €& — 0.48 (0.20, 1.15)
Zhang 2003 _— 0.76 (0.52, 1.10)
Lin 2008 _ 1.29 (0.92, 1.82)
Subtotal — e 0.73 (0.44, 1.22)
Dietary vitamin B12

Shrubsole 2001 _— 1.01(0.77, 1.32)
Lajous 20068 ————— | 0.32 (0.22, 0.49)
Lajous 2006b _— 1.05 (0.90, 1.20)
Cho 2007 —_— 0.96 (0.78, 1.12)
Lin 2008 - 0.88 (0.54, 1.44)
Ma 2009a 0.79 (0.50, 1.24)
Ma 2009b _— 0.90 (0.65, 1.26)
Maruti 2009a,b —_— 0.91 (0.70, 1.18)
Stevens 2010 —_— 0.98 (0.80, 1.19)
Chou 2011 > 0.83 (0.73, 2.54)
Shrubsole 2011 —_— 0.83 (0.61, 1.12)
Zhang 2011 —_— 0.83 (0.56, 1.24)
Yang 2013 —_— 0.73 (0.53, 1.00)
Bassett 2013 ——— 1.21 (1.00, 1.46)
Subtotal < 0.88 (0.77, 1.00)

T T T T
0.2 0.6 1 14 18

Figure 3. The multivariate-adjusted risk of breast cancer for the highest vs lowest categories of serum vitamin B, levels and dietary vitamin B4,
intake in random-effects model. The size of the grey box is positively proportional to the weight assigned to each study, which is inversely
proportional to the s.e. of the RR, and horizontal lines represent the 95% Cls.
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Author Year RR (95% CI)
Methionine  (case-control)

Thorand 1998 > 1.29 (0.76, 2.19)
Shrubsole 2001 0.79 (0.54, 1.16)
Zhu 2003 € 0.50 (0.22, 1.15)
Xu 2008 0.94 (0.69, 1.30)
Zhang 2011 0.79 (0.53, 1.17)
Yang 2013 —_— 0.98 (0.82, 1.17)
Subtotal <t 0.92 (0.80, 1.06)
Methionine  (prospective)

Feigelson 2003 s 0.92 (0.77, 1.11)
Cho 2007 — 1.10 (0.89, 1.36)
Kabat 2008 —— 1.00 (0.88, 1.14)
Maruti 2009a,b 0.78 (0.56, 1.09)
Stevens 2010 —_—— 0.88 (0.79, 0.98)
Shrubsole 2011 0.92 (0.66, 1.28)
Bassett 2013 —_— 0.97 (0.80, 1.17)
Subtotal <> 0.94 (0.88, 1.00)
Overall <> 0.94 (0.88, 0.99)

T T T T
0.4 0.6 1 1.4 1.8

Figure 4. The multivariate-adjusted risk of breast cancer for the highest vs lowest categories of dietary methionine intake in random-effects
model. The size of the grey box is positively proportional to the weight assigned to each study, which is inversely proportional to the s.e. of the RR,

and horizontal lines represent the 95% Cls.

potential contributors to this disease—effect unconformity (Higgins
et al, 2003). In this respect, the lack of relevant study-level
covariates in the reported articles precluded a more robust
assessment of sources of this heterogeneity. Finally, although no
significant publication bias was detected in this meta-analysis,
validity of publication bias test should be questioned because of
small number of studies included (Sterne et al, 2000), especially for
PLP and serum vitamin Bj,.

In summary, results from this meta-analysis suggested that
serum PLP levels and dietary methionine intake might be
significantly associated with reduced risk of breast cancer,
especially for post-menopausal women. The finding needs to be
confirmed further by a well-conducted randomised trial.
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