Folate and Risk of Breast Cancer: A Meta-analysis
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Epidemiologic findings are inconsistent concerning risk for breast cancer associated with low folate intake
or blood folate levels. We performed a meta-analysis of prospective and case-control studies to examine

We searched MEDLINE for studies of this association that were published in any language from January
1, 1966, through November 1, 2006. Study-specific risk estimates were pooled by use of a random-effects

Folate intake in increments of 200 ug/day was not associated with the risk of breast cancer in prospective
studies (estimated summary relative risk [RR] = 0.97, 95% confidence interval [Cl] = 0.88 to 1.07, for dietary
folate [eight studies; 302 959 participants and 8367 patients with breast cancer], and RR = 1.01, 95% Cl =
0.97 to 1.05, for total folate [six studies; 306 209 participants and 8165 patients with breast cancer]) but
was statistically significantly inversely associated with risk in case-control studies (estimated summary
odds ratio [OR] = 0.80, 95% Cl = 0.72 to 0.89, for dietary folate [13 studies; 8558 case patients and 10 812
control subjects], and OR = 0.93, 95% CI = 0.81 to 1.07, for total folate [three studies; 2184 case patients
and 3233 control subjects]). High blood folate levels versus low levels were not statistically significantly
associated with the risk of breast cancer in prospective studies (OR = 0.81, 95% Cl = 0.59 to 1.10 [three
studies]) or in case—control studies (OR = 0.41, 95% CIl = 0.15 to 1.10 [two studies]). Among the two pro-
spective studies and two case-control studies that stratified by alcohol consumption, high folate intake
(comparing the highest with the lowest category) was associated with a statistically significant decreased
risk of breast cancer among women with moderate or high alcohol consumption (summary estimate =
0.51, 95% Cl = 0.41 to 0.63) but not among women with low or no alcohol consumption (summary esti-
mate = 0.95, 95% Cl = 0.78 to 1.15). Few studies examined whether the relation between folate intake and
breast cancer was modified by intakes of methionine or vitamins B; and B,,, and the findings were

Background
folate intake and levels in relation to risk of breast cancer.
Methods
model. All statistical tests were two-sided.
Results
inconsistent.
Conclusion

No clear support for an overall relationship between folate intake or blood folate levels and breast cancer
risk was found. Adequate folate intake may reduce the increased risk of breast cancer that has been asso-
ciated with moderate or high alcohol consumption.
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Breast cancer is the most common malignancy among women in
the United States and in other Western countries (1). Dietary fac-
tors may modulate the risk of this malignancy; yet, the only dietary
factor that has been consistently associated with increased breast
cancer risk is alcohol (2-4).

For the past two decades, a mounting body of epidemiologic
and experimental studies has indicated that low folate intake or
status was associated with elevated risk of several cancers, includ-
ing breast cancer (5-7). The biologic mechanisms whereby folate
deficiency may enhance carcinogenesis may be related to the role
of this vitamin in one-carbon metabolism. In this role, folate pro-
vides one-carbon groups for the formation of S-adenosylmethionine
(the molecule that is primarily responsible for DNA methylation)
as well as for the de novo biosynthesis of nucleotides (purines and
thymidylate) needed for DNA synthesis and repair (5,8). Other
nutrients that are involved in one-carbon metabolism and thus
might modify the association between folate and breast cancer risk
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include methionine (a one-carbon donor) and vitamins B, and B,,
(cofactors for one-carbon metabolism). Alcohol consumption can
negatively influence folate absorption and metabolism (9,10).
Several prospective studies have found that the increase in the risk
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CONTEXT AND CAVEATS

Prior knowledge
Reports of the association between risk of breast cancer and folate
intake or blood levels have been inconsistent.

Study type
Meta-analysis of prospective cohort and retrospective case—control
studies.

Contribution

Dietary folate intake was statistically significantly inversely associ-
ated with risk of breast cancer in case-control studies but was not
associated with risk in prospective studies. Blood folate levels were
not associated with risk in either type of study.

Implications

No clear overall association between folate intake or folate blood
levels and breast cancer risk was found. Prospective and retrospec-
tive studies can give different estimates for associations between
dietary exposures and cancer risk.

Limitations

Misclassification of folate intake may have been introduced in pro-
spective studies that assessed dietary intake only at baseline
because of the folate fortification of flour and cereal-grain products
in the United States since 1998. Case-control studies may be
affected by inaccurate recall of dietary intake.

of breast cancer that was associated with alcohol consumption may
be reduced by adequate folate intake (11-16).

Results of epidemiologic studies that have examined the rela-
tionship between folate intake or folate levels in the blood and the
risk of breast cancer have been inconsistent. The purpose of this
review was to evaluate the epidemiologic evidence from prospec-
tive and case—control studies on folate and risk of breast cancer by
summarizing it quantitatively with a meta-analytic approach. We
also investigated whether the relation between folate and breast
cancer risk was modified by intakes of alcohol, methionine, and
vitamins B and B,,.

Methods

Search Strategy

Studies were identified by a literature search of MEDLINE (from
January 1, 1966, through November 1, 2006) by use of the search
terms “folate” or “folic acid” in combination with “breast cancer”
or “breast neoplasm.” We also reviewed the reference lists of
retrieved articles to identify additional studies. No language restric-
tions were imposed.

Study Selection

For inclusion, studies had to fulfill the following criteria: 1) have a
prospective or case—control study design; 2) present data on breast
cancer incidence or mortality; 3) report results on dietary folate
intake (i.e., folate from foods only), total folate intake (i.e., folate
from foods and supplements), or serum or plasma folate levels; and
4) provide relative risk (RR) estimates (or odds ratios [ORs] in
case—control studies) with confidence intervals (Cls) or sufficient
data to allow calculation of these effect measures.

jnci.oxfordjournals.org

Data Extraction

We extracted the following data from each publication: the first
author’s last name, the year of publication, the study design, the
country in which the study was performed, the sample size, the age
range of study participants, menopausal status, the measure of
exposure, the range of exposure, the covariates controlled for in the
analysis, and the risk estimates with corresponding confidence
intervals for folate intake or blood folate levels. We extracted the
risk estimates that reflected the greatest degree of control for
potential confounders.

Statistical Analysis

We weighted the study-specific log relative risks for cohort studies
and log odds ratios for case—control studies by the inverse of their
variance to calculate a summary estimate and its 95% confidence
interval. Studies were combined by use of the DerSimonian and
Laird random-effects model, which considers both within- and
between-study variation (17).

For the dose-response meta-analysis of folate intake, we used
the method proposed by Greenland and Longnecker (18) and
Orsini et al. (19) to compute study-specific slopes (linear trends)
from the correlated log risk estimates across categories of folate
intake. This method requires that the distributions of case patients
and control subjects (or person-time) and the risk estimates with
their variance estimates for three or more quantitative exposure
categories be known. For three studies (20-22) that did not pro-
vide the distribution of case patients and control subjects by expo-
sure category, we estimated the slopes by use of variance-weighted
least squares regression models. For each study, the median or
mean level of folate intake for each category of intake was assigned
to each corresponding relative risk estimate. When the median or
mean intake per category was not provided in the article, we
assigned the midpoint of the upper and lower boundaries in each
category as the average intake. If the lower boundary of the lowest
category or the upper boundary of the highest category was not
provided, we assumed that both boundaries had the same ampli-
tude as the closest category.

We used the Q and I? statistics (23) to examine statistical het-
erogeneity among studies. For the Q statistic, a P value of less than .1
was considered representative of statistically significant heteroge-
neity. I* is the proportion of total variation contributed by
between-study variation (23). Publication bias was evaluated with
the use of funnel plots and with Egger’s regression asymmetry test
(P<.1 was considered representative of statistically significant pub-
lication bias) (24). All statistical analyses were performed with
Stata, version 9.0 (StataCorp, College Station, TX). All statistical
tests were two-sided.

Results

Folate Intake

We identified nine prospective studies (11-16,20,25,26) (Table 1)
and 14 case—control studies (21,22,27-38) (Table 2) of folate intake
and risk of breast cancer. Five of the nine prospective studies were
conducted in the United States, one was carried out in Canada, one
in Australia, one in Denmark, and one in France. Of the 14 case—
control studies, five were from the United States, five from Europe,

JNCI | Articles 65



(senuipuoo ejqe])

D UlWelA
‘ABlous ‘||Ng ‘Jedued 1sealq
ubluaq 40 AJO1SIY ‘Yuiqg 1S114

1e obe ‘Alued ‘uoneonps ‘eby

ABious ‘eby

|oyoole ‘1e} jewiue ‘ABisus
NG ‘Bupows ‘eseasip 1seaiq
ubiuaq 40 AJo1siy ‘AJoisIy Ajiuuey
‘asn DO ‘sniels |esnedouswl
‘ayoleusw 1e abe ‘yuIqg 1Sl

1e abe ‘Alued ‘1ybiey ‘eby

|oyo9|e ‘suluolylaw

‘ABisus ‘asn ullelAnw ‘uieb
WBlem 1npe ‘|INg ‘Alanoe
|eaisAyd ‘Aloisiy orydelsbouwuew
‘dwin| 1se81q 40 AJ01SIY ‘Jodued
1sealq o AIo1sIy Ajlwie} ‘asn

(901 01 G€°0) 09°0
(69°L 01 ££°0) 08°0

(011 0reEE0) LOL

(€1 01 18°0) €0°L
(881 01 Z8°0) LO'L

Aep/6ri 0oe>
'SA 00F< 4L

Aep/6ri 0Gz>
"SA 00%< :4Q

Aep/6rl 0o Jad :4Q

(sexe1ul ueipaw)
Aep/Brl gzz

"SA Q78 41
Aep/briolz

'SA 62 40

Aep/Bri olz>

D44 Wel-z61
paleisiulwpe-jes 8se

D44 Wel-1z|
paleisiulwpe-fes LEG

(G661 pue Le6L Ul

passosse sem 191p)

044 wel-0gl
palelsiulWpe-fes vLL

[661-v661 ‘(UleeH
pue ‘1eoue) ‘181Q) Jewusq
ul A G9—0G pabe uswom

|esnedouswiisod @81j-180uUed
88¢ :ApN1S |0J1U0O—8SED PBISAN

€00¢-0661

!(11040D) 8AIIRIOqQR|[0D) BUINOG|S|A)
eljesISNY Ul A g9—0f pebe usuwom
|lesnedouswiisod pue -aid /17 / |

6661-1661 ‘(|| ApmS

yijesH ,SeSINN) S81L1S paiun

8y} ul A 9—9gz pebe usuwom
|lesnedouswald 65906

£661-2661 -(110yod

uonLINN | Apn1g uolusAald

190Ue)) A18I00G J9OUR)

(S1) S00Z ‘|e 1@ puejpuual|

(71) 00z '|e }o onalbeg

(02) €00Z ‘18 1® 0YyD

HINd ‘@snedousw 1e abe ‘yuiq ‘SA $09< 41 uedLIBWY/) S81E1S palun
1511} 16 9be ‘Alued ‘eydlieusw (621 01%6°0) 0L°L Aep/6rl g/ 1> D44 wa-89 ayl ul A /8-01 pebe usuwom
1e abe ‘uoneonpe ‘eodel ‘eby (LZ'1 01 16°0) LO°L ‘SA ¥62< 4@ paJalsiuluwpe-}os 0cl |lesnedouswisod |9G99  (GZ) £00Z e 1@ uos|ebie
|joyoole
‘sulelA g ‘Auanoe [eaisAyd
‘Buows ‘A g| abe 1e |Ng
Wblay ‘onel diy-o-isiem ‘|Ng
‘Aoisiy Ajiey ‘esn HIAH ‘esn Aep/6r 9g|> £661-9861 ‘(ApmS YieeH
DO ‘esnedouswi e abe ‘yuig ‘SA |GE< 4] S,USWONAA BMO|) S81B1S PaluN
1s41§ 1e obe ‘Ayled ‘aydleusul §(L1°1 01 €9°0) ¥8°0 Aep/Br z/ 1> 044 Wel-/ZL oyl ul A 6g—GG pebe uswom
1e obe ‘uoneonpe 'eby §(L1'1 0129°0) €8°0 ‘SA¥6¢< 4d paJajsiuiwpe-yes 9891 |esnedouswisod /8€ v (€1) LOOT 'Ie 18 siol|8S
|oyoole
‘ABiaus ‘dnoib uoneziwopuel £661—0861
‘UOIIBUILUEXS-}|9S 1SEDI] JO ‘(Apmis Buluesios 1sealg
aonoeid ‘Aloisiy Ajlwiey ‘snieis $1sod (0Z'L O} L£°0) ¢6°0 [euollBN UBIpRUED) BpEURD
|lesnedousw ‘Ailied ‘eyoseusw $01d (90°'€ 01 /6°0) 2L'L Aep/6rl gzz> D44 wel-98 ul A gG—0t pebe uswuom
1e obe ‘eale Apnis ‘oby (GZ'1L 0164°0) 660 ‘SA $GE< 4@ paJs1SIuILIpe-}|8S 9egl |lesnedouawiisod pue -aid Z8Eg (Z1) 000Z ‘|e 18 ueyoy
|oyoole
‘ausloied-g ‘ABlaus ‘1ybiay
‘abueyo 1yblam ‘N g ‘eseasip (0661 pue
1sealq ubiusq jo Aloisiy ‘Aloisiy ‘9861 ‘7861 Ul 9661-0861 ‘(Apnis
Aliwey asn HIN ‘esnedousu $1sod (86°0 01 97°0) 98°0 swiell 9z -0861 UYieeH ,SesInN) selels pauun
1e 9be ‘aydleusw 1e abe t+o1d (€21 01 62°0) 66°0 Aep/Brl 66Z2-0G1 Ul swall 19) sD44 ay1l Ul A GG—0¢ pabe uauwom
"Yuiq 1sdiy 1e obe "Ajied 'eby (€0°L 01 €8°0) €6°0 'SA 009< 41 paJaisiuiupe-4es €87€ lesnedouswisod pue -eid 81888 (Ll) 6661 ‘|8 18 Bueyz
sjuawisnipy (19 %8S6) @ouaJayip ainsodxa Juawissasse sjuaned pouiad dn-mojjoy (eouauajal) Apmsg
1HY paisnipy :a4ansodxa jo Areyaiq ases ‘sjuedidied Apnig
ainseal| Jo ‘o

S 190URD 1SBalIq puk 8¥elul 81B|04 JO SISAjeuB-BlOW Y1 Ul papn|oul saipnis aAlloadsoud 1ybia jo

solsieloRIRY) L d|geL

Vol. 99, Issue 1 | January 3, 2007

66 Articles | JNCI



“HoYo9 |eli] Buluesiog 1eoue)) UeLBAQ PUE ‘[e10810[00) ‘BunT ‘81e1sold = 0D Td ‘9AIIdeseu0d (210 = D !(SPOO) WOI) 81e|0) “*9'l) 81e|0) Alelalp

"93eIUl 9180} YBIY SNSISA MO| JO UOSIIedUIOD 104 SEAM SUO [RUIBLIO BY} ‘3SLI SAIIR|8) PSLIBAUOD) §

‘uswiom [esnedouswiisod Buowe = 1sod ‘uswom |esnedousweld Buowe = 8id %

‘A10B9180 93jE1UI 1SIMO| SNSISA 153YBIY o) SL dANRRY |

44

'xapul ssew Apoq = ||Ag ‘euoulloy |esnedouswiisod = HIAJ {(Stuswia|ddns Alelaip pue Spoo} Woly 81e[0} ""9'l) 91E[0} [BI0} = 4] ‘SJIeuuoisanb Aousnbai-pooy = D4 [[eAIS1UI 8OUSPIHUOD = | HiSI BAIRDI = HY

|oyooje ‘asn

1uawa|ddns uielA ‘Alianoe
[eaisAyd ‘JIAg ‘WBlay ‘Aloisiy
Bulusalos Aydesbowwiew

‘asn HINd ‘esnedouaw 1e abe
‘D0 0 9sn 1se| 82UIS SIedA
‘Buipesj-1sealq ‘yuiq 1siy 1e

abe ‘Alued ‘aydleusw 1e abe
‘osess|p 1sealq ubluaq jo Aloisiy

(sexeul ueipaw)

¢00C¢—c661

‘A103sIy Ajlwuey ‘uoizeonpa Aep/br 967 D44 Wal-80Z !(110Y0D NET Yousi) 8dueI4 Ul
‘gousplisal Jo uoibal ‘ebfy (060 01 £9°0) 82°0 ‘SA 226 4Q paJalsiulupe-}os z181 uawom esnedouswiisod gE/ Z9 (92) 900Z ‘Ie 1@ snoleq
ABiaus ‘Aloisiy
Alluuey ‘eseasip 1seaiq
ubluag Jo Aloisiy ‘Aloisiy
Bulueslos AydesSowwew
‘asn HINd ‘esnedousw Aep/Brl ggge
1e 96€ "asn DO 'yuiq 1sul > "SA EG8< 41 €002-€661 :(0D071d) se1e1s
1e obe ‘Aled ‘sydieusw (€91 0100°L) LZ'L Aep/Brt L9z> 044 Wey-£E| pauun eyl Ul A /-GG pabe (91) 9002 ‘le 18
1e ebe ‘uoneonps ‘eby (LZ'1 01080) LO°L SA LLY< 4Q palalsiulupe-}8s 169 uswom [esnedouswisod Q0% Gz uowo|os-Bisquez|ols
sjuaunsnipy (19 %8S6) aouaayIp ainsodxa jJuawissasse sjuaned pouad dn-mojjoy (eouauayal) Apmsg
14Y paisnlpy :aansodxa jo Areyaiq ases ‘sjuedionied Apnig
ainsea|p| Jo 'oN

"(panunuod) | s|qe)

JNCI | Articles 67

jnci.oxfordjournals.org



(senunuoo sjqey)

(puepoosg)
Aep/6rl gGz> 044 (69) peseq |esnedousuwisod wiopBury (r€) 200T
ABlaug (0zZ'L 01 0Z°0) 670 'SAE0E< 40 paJsisiullUpe-48S  69-09 -uonendod 99 (18) 29 payun ‘le1e dieys
SPOO} |ewiue [e10} ‘sa|qelabon
pue suniy ‘ABleus ‘AllAnoe
[eaisAyd ‘onel diy-o1-isiem
‘ewiouspeoiqly Jo Alolsiy
‘Aio1s1y Ajiwel) ‘esnedousw 1e
obe ‘sniels |esnedousw ‘'yuiq |sod (66°0 01 ¥7°0) 99°0 044
1su1} 1e ebe 'Auled ‘oyoleusw |leid (£07L 03 96°0) 8270 Aep/Brl v6 1> wey-g/ uo (€°06) poseq (€€) 1002
1e ofe ‘uoneonps 'sby (¢8'0 01 9t°0) 29°0 'SA GPE< 40 paseq mainBlul - $9-GZ  -uonejndod zgel (L'Le) Lzel eulyo ‘e 18 8josqnuiys
[hsod (980 01 G£°0) 5G°0 Aep/Bri 0z 1 Jed :4Q
loyooje ‘ABious llexd (ze71L 01 0£°0) £9°0 Aep/6ri oz Jed 4@ 044
‘NG "sniels |esnedousw bAep/6r 681 wiep-6/ uo (18) peseq (12) 1002
‘Aiied ‘uoneonps ‘eby (#£°0 01 £Z°0) G¥'0 'SA BGE 4d paseq malnBIu| - 17/-EC -leydsoy gy (98) 68C PpuUBSZIMS ‘e 198 In97
ABieus  [hsod (66°0 0} 29°0) 6£°0 044
‘sniels |esnedousw ‘Ajled [lead (8270 01 Lt7°0) £G°0 8|nuINb 1s9MO] wiey-g, uo (96~) peseq (z€) 000Z
‘uoneonps ‘eale Apnis 'eby (88'00109°0) ££°0 'sA1saybly :4Q paseq malnBiul - 7/-0C -lendsoy 886z (96~) 695C Aley ‘|e 10 ubeN
so|gerebon
|e1o01 ‘ABisus ‘NG ‘Aloisiy
Allwey ‘snieis |esnedousw 044
‘Aled ‘ayoleusw 1e abe Aep/6rl zg|> wal-9 uo (V' v6) peseq (1€) 6661
‘ledni/ueqin ‘souspisal ‘eby §(65°L 01 09°0) 86°0 'SA £0¢< 4d paseq malnIBiu] - 68-0C -lexdsoy Gov (€£6) 007 Aenbnin ‘e 18 oouoy
Aep/rl g1z>
Joyooje ‘Bupjows ‘asn 9O (G'10180 LL'L SAEL9< 4L
"Yuiq 1sdiy 1e abe ‘uoneonpe Aep/Br g/ 1> 044 Wwau-001 (6'9/) peseq |esned-ouswald (0€) 6661 |e 10
‘Audiuyie 'eale Apnis ‘eby (1 01,0 680 'SA £T€<4Q  passlsiuiwpe-yeS  yp—-0g  -uonendod |G| (0'98) 895 S91ELS pauuN uewyosiiod
ABisus ‘NG ‘Bujows
‘asn HING ‘Ardedinu Aep/6rl zg|> AJ01S1y 181p U0 (G7) peseq |lesnedouawiisod (62) 8661
‘ayoleusw 1e obe ‘S35 ‘eby (6471 01€L0) PL'L 'SA 29¢< 4d peseq malnielul  08-8¢  -uonejndod 90| (G2) v Auewien ‘e 38 pueioyL
so|ge1eban
|e10} ‘ABisus ‘||Ng ‘@sessip
1sealq ubiuag ‘Aloisiy Ajwey 044
"yuiqg 1s.14 1e obe ‘ayoseusw Aep/brl $0e> wiel-z/ | uo (Z9) poseq |esnedouswa.d (82) 9661 ‘B 10
1e ofe ‘uoneonps 'sby (LE1 01 EY0) 9L°0 'SA 09Y< '4d peseq maini®lul oG-y  -uonejndod | g (99) L6C S91e1S paun wisyuspnald
[ING ‘oseasip 1sealq
ublueq ‘Aio1siy Ajiwiey ‘yuiq 044
15114 16 9be ‘Alued ‘eyoleusw Aep/br 687> uo psseq (6'GY) peseq |lesnedousuiisod (£2) 1661
1e abe ‘uoneonps ‘eby (0L 03 8%°0) 0L0 'SA LGY< 4@ MOINBI|  G8—-Ly  -uonendod v6t (G'96) 6V se1e1s palun ‘e 10 weyein
sjuawiisnipy (19 %S6) $40 9ouaJayip ainsodxa Juawissasse A ‘aby 1s309lqns 1sjuaned Anuno) (eouauayeu)
paisnipy :aansodxa Aeyaiq 1043U09 JO ‘o[ ased Jo 'ON Apnig
Jo ainses\

ISII 190URD 1Sealq pue 8 elul 91B|04 JO SISA|eUuE-BIOW BY) U] POPN|OUl SBIPNIS [0JIU0D-9SED 7| JO SdlIsIIaloeIRy) "g d|qel

Vol. 99, Issue 1 | January 3, 2007

68 Articles | JNCI



‘(90114 8y} Ul papiaold Jou alem sniels [esnedousul JO eleJIS AQ SONBI SPPO) sniels [esnedousul Yyim Alea Ajgeioaidde 10U pip XSl 19oURD 1SEaIQ pUB 91B|0} USBMIS(Q UOIIRID0SSE 8y} eyl payodal sioyine ay|

‘uswom |esnedousuisod Buowe = 1sod ‘usuwiom |esnedouswaid Buowe = aid

“93e1ul 91ej0) YBIy SNSIaA MO| JO UOSIledwod Joj Sem
QU0 |euIBLIO B} !POLIBAUOD S| Ol1el SPPO 8y "sauab Jo1dedal ushol1se ayl JO SN1els uonejAylaw Aq sesAjeue paijilelis wolj sonel sppo syl Buljood AQ pauielqo Sem (jJeAlaiul 92UapIjU0Dd 9% GE SH PUB) Ol1B) SPPO 8y | #

"sol0Be1ed 1S9MO| PUB 1SayBIY 8y} Ul o3elul 81e|0) UBIPSIA )

w =

"Al0Ba1ed 83elUl 1S8MO| SNSIaA 1seybly oy ONel SppO  +

‘obejuadlad e se passaidxe seiel asuodsal oy} aie seseyjualed Ul senjep L

"9|ge|IeAR 10U UOIIBWILIOMI = N ‘©AI1dedeIIuod |eljo = DO {(siusws|ddns Alelsip pue Spooj WOl 91e[04 ““8°1) 81e[O) [e10} = |
‘auowioy |esnedousulisod = H|A ‘SN1EIS DILIOU0280I00S = S3S ‘alleuuonsanb Aouenbaly-poo) = D44 ‘xepul sseul Apoq = [|Ag :(SPO0} WOl 81e|0} ““°l) 91ejo) AJelelp = 4 ‘[BAISIUI 92USPIIUOD = |)) ‘0l1el SPPO = YO

Aep/Bri geg> 044 Wal-Lg uo (VN) peseq (8€) 900¢
ABisus "oby (£80010€0) LGS0 'SAL0G< 4l peseq melndlul  08-0Z -leydsoy 9z (VN) GeL uemie| ‘| 18 noy)
184 pajeiniesunAjod
‘o1eipAyoqied
"10q1y Aeyerp ‘ABisus [hsod (980 01 GE'0) G5°0 044
‘IING 'A1oisiy Ajiwuey ‘sniels [exd (£Z7L 01 z°0) €£°0 bAep/Br vz Wwey-7QL uo (06) peseq (£€) 9002
lesnedousw ‘Aiied 'S3S ‘eby (06°0 01 Gt7°0) ¥9°0 ‘SA 7S 140 paseq maineul - £8-gL  -uonejndod |ggl (88) GL¥ OOIXaIN le 18 snolen
Aep/6r 80Z> ‘s
ABisus ‘||Ng "esessip §(cZ'L 01 ¥7£°0) 96°0 ceL< 4l
1seauq ubiusq jo Aloisiy Aep/6ri gg1> 044 uo (£'29) peseq (9€) G002
‘Aoisiy Ajiwey ‘uoneonps ‘eby §(7L°1 01 ¥9°0) G8'0 'SA 9GE< :4d peseq malnielul  86-0¢  -uonejndod g1gG| (L'Z8) L8yl S91ELS pauuN ‘[e 38 Usyo
|joyoole ‘ABisus
‘NG ‘Bupjows ‘eseasip
1sealq ubluaq 40 AI01siy
‘Aloisiy Ajwel ‘esn HIAH
‘asnedouaw 1e abe 'yuiq 1sily Aep/or /7> 044 wal-191 (8) peseq (3€) €00C
1e abe ‘ayoseusw 1e abe ‘oby §(88°0 01 GZ'0) L0 ‘SA /1< :H4Q peJeIsIulwpe-48S  G/-GZ -lendsoy £6¢ (VN) OLE Auewian ‘|e 18 uasliazpy
S1030B} 1BY10 ‘D pue ‘“'g “°g
‘“gq sulwelA ‘ABisus ‘ybiay
‘yBrom ‘Bupjows ‘aeseasip
1sealq ubluaq 4o AIo1siy
‘Alo1siy Ajiwe) ‘esn HIAH
‘snjels [esnedousul ‘yuiq
114 1e abe ‘Ajied ‘sydleusw Aep/6rl gze> 044 uo (9'¢L) peseq (¢2) €00t
1e abe ‘uoneonps 'aby #(8€'1 01 GZ'0) 850 'SAZ19<:4d psseq mainBlll - 9-0¢ -uonejndod gog (€vL) ¥0E S91Ee1S paun ‘e 18 nyz
sjuawisnipy (19 %S6) 14O 9oualayip ainsodxa juawissasse A "aby 1s109lqns L1sjuaned Anunop (eouauayau)
paisnlpy :ainsodxa Aeyaig |o13u09 jo ‘oN ased Jo ‘o Apmg
Jo ainseap

"(penunuod) z s|qey

JNCI | Articles 69

jnci.oxfordjournals.org



one from Uruguay, one from China, one from Mexico, and one
from Taiwan.

Eight prospective studies (12-16,20,25,26) (including 302959
participants and 8367 patients with breast cancer) and 13 case—
control studies (21,22,27-37) (including 8558 case patients and
10812 control subjects) provided results on dietary folate intake.
The risk estimates of breast cancer for the highest versus the low-
est category of dietary folate intake in individual prospective and
case—control studies and summary estimates are shown in Fig. 1.
Only one of the eight prospective studies reported a statistically
significant inverse association between dietary folate intake and
risk of breast cancer. The summary relative risk for prospective
studies was approximately 1.0, but there was some indication of
heterogeneity among studies (Fig. 1). Of the 13 case—control stud-
ies, five (21,32,33,35,37) found a statistically significant inverse
relation between dietary folate intake and breast cancer risk.
Opverall, high versus low dietary folate intake was associated with a
statistically significant 27% reduced risk of breast cancer in case—
control studies; there was no statistically significant heterogeneity
among studies (Fig. 1). Egger’s test suggested no statistically sig-
nificant asymmetry of the funnel plot for prospective (P = .63) or
case—control (P = .37) studies, indicating no evidence of substantial
publication bias.

The association between total folate intake and breast cancer
risk was examined in six prospective studies (11,13,15,16,20,25)
(involving 306209 participants and 8165 patients with breast can-
cer) and three case—control studies (30,36,38) (involving 2184 case
patients and 3233 control subjects). Overall, no statistically signifi-
cant association was observed between total folate intake and risk
of breast cancer in either prospective or case—control studies; there
was statistically significant heterogeneity among studies within
each study design (Fig. 2). There was no evidence of publication

Study (reference)

Prospective studies
Rohan et al., 2000 (12)
Sellers et al., 2001 (13)
Feigelson et al., 2003 (25)
Cho et al., 2003 (20)
Baglietto et al., 2005 (14)

bias (P = .82, for prospective studies, and P = .41, for case—control
studies).

There was a large variation among studies in the difference in
folate intake between the highest and lowest exposure categories
(Tables 1 and 2). To normalize this variability, for each study, we
calculated a risk estimate for an increment of folate intake of 200
pg/day. Overall, we found that an increment of dietary folate
intake of 200 pg/day was not associated with breast cancer risk
among prospective studies (summary estimate = 0.97, 95% CI =
0.88 to 1.07) but was statistically significantly inversely associated
with breast cancer risk among case—control studies (summary esti-
mate = 0.80, 95% CI = 0.72 to 0.89); there was statistically signifi-
cant heterogeneity among the prospective studies but not among
the case—control studies (Table 3). Stratified analysis (within each
study design) by geographic region, menopausal status, or adjust-
ment for alcohol intake did not show any statistically significant
difference in summary estimates between strata (Table 3). In case—
control studies, the type of control group, the response rate among
control subjects, and type of dietary assessment method did not
statistically significantly affect the magnitude of the association
between dietary folate intake and risk of breast cancer (Table 3).
Total folate was not associated with the risk of breast cancer
in either prospective studies (for a folate intake increment of
200 pg/day, summary estimate = 1.01, 95% CI = 0.97 to 1.05)
or in case—control studies (summary estimate = 0.93, 95% CI =
0.81 to 1.07); statistically significant heterogeneity was found
among the prospective studies and among the case—control studies
(Table 3).

Blood Folate Levels
Of the three prospective studies (including two nested case—control
studies) (39-41) and two case—control studies (38,42) of blood folate

RR/OR (95% Cl)

0.99 (0.79 to 1.25)
0.83 (0.62t0 1.11)
1.07 (0.91 to 1.27)
1.07 (0.82 to 1.38)
1.01(0.93 to 1.10)

+

Tjenneland et al., 2006 (15)
Stolzenberg-Solomon et al., 2006 (16)

0.80 (0.37 to 1.69)
1.01 (0.80 to 1.27)
(
(

o,

Lajous et al, 2006 (26) —— 0.78 (0.67 to 0.90)
Summary estimate s 0.96 (0.87 to 1.05)
Case—control studies

Graham et al., 1991 (27) L 0.70 (0.48 to 1.02)

Freudenheim et al., 1996 (28) d 0.76 (0.43 to 1.37)

Thorand et al., 1998 (29) = 1.14 (0.73 t0 1.79)

Potischman et al., 1999 (30) L 0.89 (0.70 to 1.20)

Ronco et al., 1999 (31) = 0.98 (0.60 to 1.59)

Negri et al., 2000 (32) —— 0.73 (0.60 to 0.88)

Levi et al., 2001 (21) -

Shrubsole et al., 2001 (33) —— 0.62 (0.46 to 0.82)

Sharp et al., 2002 (34)

0.49 (0.20 to 1.20)

Zhu et al., 2003 (22)

0.58 (0.25 to 1.38)

Adzersen et al., 2003 (35) =

Chen et al., 2005 (36)

0.47 (0.25 to 0.88)
i 0.85 (0.64 to 1.14)

(
(
(
(
E
0.45 (0.27 to 0.74)
(
(
(
(
(
(
(

Lajous et al., 2006 (37) ——— 0.64 (0.45 to 0.90)
Summary estimate _— 0.73 (0.64 to 0.83)
T T T T 1
0.2 0.4 0.7 1 1.5 2

RR/OR for high versus low dietary folate intake

Fig. 1. Relative risks (RRs; in prospective studies) or odds ratios
(ORs; in case-control studies) of breast cancer comparing the
highest with the lowest dietary folate intake categories. Squares
indicate study-specific risk estimates (size of the square reflects the
study-specific statistical weight, i.e., the inverse of the variance);
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horizontal lines indicate 95% confidence intervals (Cls); diamond
indicates summary estimate with its corresponding 95% confidence
interval. Test for heterogeneity: prospective studies, Q = 12.65,
P = .08, and /? = 44.6%; case-control studies, Q = 16.61, P = .17,
and /2 = 27.8%.
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Study (reference)

Prospective studies
Zhang et al., 1999 (11)
Sellers et al., 2001 (13)
Feigelson et al., 2003 (25)
Cho et al., 2003 (20)

Tjenneland et al., 2006 (15)
Stolzenberg-Solomon etal., 2006 (16)
Summary estimate

Case-control studies
Potischman et al., 1999 (30)
Chen et al., 2005 (36)

Chou et al., 2006 (38)
Summary estimate

RR/OR (95% Cl)

- 0.93 (0.83 t0 1.03)

——— 0.84 (0.63 to0 1.11)

il 1.10 (0.94 to 1.29)

—a— 1.03 (0.81 to 1.32)

= 0.60 (0.35 to 1.06)

—— 1.27 (1.00 to 1.62)

- 1.00 (0.87 to 1.14)

i 1.11 (0.80 to 1.50)

—Hil— 0.95 (0.74 to 1.22)

0.51 (0.30 to 0.87)

— 0.87 (0.61 to 1.23)
T T T T 1
0.3 0.5 0.7 1 15 2

RR/OR for high versus low total folate intake

Fig. 2. Relative risks (RRs; in prospective studies) or odds ratios
(ORs; in case-control studies) of breast cancer comparing the
highest with the lowest total folate intake categories. Squares indi-
cate study-specific risk estimates (size of the square reflects the
study-specific statistical weight, i.e., the inverse of the variance);

levels and breast cancer risk, two were carried out in the United
States, two in Australia, and one in Taiwan (Table 4). High blood
folate levels versus low levels were not statistically significantly
associated with the risk of breast cancer in prospective studies (sum-
mary estimate = 0.81, 95% CI = 0.59 to 1.10) or in case—control
studies (summary estimate = 0.41, 95% CI = 0.15 to 1.10); there was
statistically significant heterogeneity among the case—control stud-
ies but not among the prospective studies (Fig. 3). The Egger’s test
for publication bias was not statistically significant (P = .68, for
prospective studies, and P = .72, for all studies).

Statistical Interaction of Folate and Alcohol
Two prospective studies (11,12) and two case—control studies
(21,32) presented results on folate intake in relation to breast cancer
risk that were stratified by alcohol consumption. In all four studies,
there was a statistically significant reduction in breast cancer risk
for high versus low folate intake among women who consumed
moderate or high amounts of alcohol (summary estimate = 0.51,
95% CI = 0.41 to 0.63) but not among women with low or no alco-
hol consumption (summary estimate = 0.95,95% CI = 0.78 to 1.15)
(Fig. 4). The association between folate intake and breast cancer
risk did not vary by stratum of alcohol consumption in two other
prospective studies (20,26) (these studies did not provide relative
risk estimates by strata of alcohol consumption). The Egger’s test
provided no indication of publication bias (P = .23, for the high
alcohol intake strata; P = .59, for the low alcohol intake strata).
Whether the association between alcohol consumption and risk
of breast cancer was modified by folate intake was investigated in
five prospective studies (13-16,25). Four of these studies observed
that the increased risk of breast cancer associated with alcohol
consumption was greatest in or limited to women with low folate
intake (13-16); one study observed no interaction between folate
and alcohol intake (25).

Statistical Interaction of Folate and Other Nutrients

Three prospective studies (11,12,25) and one case—control study
(33) have examined whether the association between folate intake

jnci.oxfordjournals.org

horizontal lines indicate 95% confidence intervals (Cls); diamond
indicates summary estimate with its corresponding 95% confidence
interval. Test for heterogeneity: prospective studies, Q = 11.62,
P = .04, and /> = 57.0%; case—control studies, Q = 6.14, P = .05, and
1?2 = 67.4%.

and risk of breast cancer is modified by methionine intake. In the
Nurses” Health Study (11), total folate intake was statistically sig-
nificantly inversely associated with breast cancer risk among women
in the two lowest quintiles of methionine intake (P, = .03, for
quintile 1, and P,.,, = .01, for quintile 2) but was not associated with
risk among women in the three highest quintiles of methionine
intake (P,.,, = .88, for quintile 3; P, .23, for quintile 4; and P,
.63, for quintile 5). In contrast, in a case—control study in China

rend — rend —

(33), the inverse association between dietary folate intake and breast
cancer risk was stronger among women in the highest tertile of
methionine intake than among those in the lowest tertile; however,
a test for interaction was not statistically significant (P = .15). There
was no interaction between folate and methionine intake in relation
to breast cancer in two other prospective studies (12,25).

One prospective study (26) and two case—control studies (33,37)
have evaluated the association between dietary folate intake and
risk of breast cancer by strata of intakes of vitamin B, and/or vita-
min B,,. Two studies (26,37) found that folate intake was statisti-
cally significantly inversely associated with breast cancer risk
among women with high vitamin B, intake but not among those
with low vitamin B, intake; the test for interaction between intakes
of folate and vitamin B, was statistically significant in one of these
studies (P, <.001) (37) but not in the other (P, =.28) (20).

interaction

No statistically significant interaction was observed between folate

nteraction

and vitamin B, intake in relation to breast cancer risk (12,25).

Discussion

In this meta-analysis, we found no clear support for an overall
relationship between folate intake or blood folate levels and
breast cancer risk. We also found that there were discrepancies
between the summary results of prospective and case—control
studies regarding the association between dietary folate intake
and breast cancer risk. Although summary results of prospective
studies did not support an overall association between dietary
folate intake and risk of breast cancer, those of case-control stud-
ies indicated that an increase of 200 pg/day in dietary folate
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Table 3. Summary relative risk (RR) or odds ratio (OR) estimates of the association between folate intake (in increments of 200 pg/day)

and breast cancer risk for prospective and case-control studies*

Heterogeneity test

Stratification group References RR/OR (95% CI)t Q P 1?2 (%)%
Prospective studies
Dietary folate, all studies 12-16,20,25,26 0.97 (0.88 to 1.07) 14.03 .05 50.1
Geographic region
United States 13,16,20,25 1.04 (0.94 to 1.15) 1.95 .58 0
Other$ 12,14,15,26 0.90 (0.77 to 1.05) 6.37 10 52.9
Menopausal status
Premenopausal 12,20 1.16 (0.96 to 1.41) 1.04 31 3.7
Postmenopausal 12,13,15,16,25,26 0.92 (0.82 to 1.03) 8.39 14 40.4
Adjusting for alcohol intake
No 14-16 0.99 (0.87 to 1.13) 2.10 .35 4.9
Yes 12,13,20,25,26 0.97 (0.84 to 1.11) 11.29 .02 64.6
Total folate, all studies 11,13,15,16,20,25 1.01 (0.97 to 1.05) 9.69 .08 48.4
Case—control studies
Dietary folate, all studies 21,22,27-37 0.80 (0.72 to 0.89) 14.65 .26 18.1
Geographic region
United States 22,27,28,30,36 0.87 (0.78 to 0.98) 2.21 .70 0
Europe 21,29,32,34,35 0.68 (0.46 to 0.99) 7.64 11 47.7
Other|| 31,33,37 0.72 (0.61 to 0.86) 0.39 .83 0
Menopausal status
Premenopausal 21,28,30,32,33,37 0.80 (0.68 to 0.96) 6.44 27 22.4
Postmenopausal 21,27,29,32-34,37 0.75 (0.58 to 0.96) 20.74 .002 711
Type of control group
Population-based 22,27-30,33,34,36,37 0.83 (0.75 t0 0.92) 8.83 .36 9.4
Hospital-based 21,31,32,35 0.67 (0.50 to 0.91) 4.12 .25 271
Response rate among
control subjects, %
<70 27-29,34,36 0.86 (0.74 to 1.00) 3.41 49 0
70-89 21,22,30,35 0.74 (0.54 to 1.01) 8.42 .04 64.4
>90 31-33,37 0.74 (0.64 to 0.86) 0.86 .83 0
Dietary assessment method
Self-administered FFQ 30,34,35 0.52 (0.19 to 1.42) 6.08 .05 67.5
Interview based on FFQ 21,22,27-29,31-33,36,37 0.79 (0.72 t0 0.87) 6.91 .65 0
Adjusting for alcohol intake
No 22,27-29,31-35,37 0.76 (0.68 to 0.85) 6.85 .65 0
Yes 21,30,36 0.84 (0.66 to 1.08) 5.12 .08 60.9
Total folate, all studies 30,36,38 0.93 (0.81 to 1.07) 6.28 .04 68.1

* Cl = confidence interval;, FFQ = food-frequency questionnaire. All statistical tests were two-sided.

T Relative risk (in prospective studies) or odds ratio (in case—control studies) for an increment of folate intake of 200 pg/day.

+ [*is interpreted as the proportion of total variation across studies that is due to heterogeneity rather than chance.

& One study each in Canada, Australia, Denmark, and France.

|| One study each in Uruguay, Mexico, and China.

intake was associated with a statistically significant 20% lower
risk of breast cancer. The two types of studies are in agreement
in not finding a statistically significant association of total folate
intake or blood folate levels with breast cancer risk, but there was
heterogeneity among studies within each study design. Findings
from two prospective studies and two case—control studies indi-
cated that high folate intake might be associated with a reduced
risk of breast cancer in women with moderate or high consump-
tion of alcohol. Likewise, results from four of five prospective
studies indicated that adequate folate intake may attenuate the
increased risk of breast cancer associated with alcohol consump-
tion. The few studies that have investigated whether the relation-
ship between folate intake and breast cancer risk is modified by
intakes of methionine or vitamins B, and B,, have yielded incon-
clusive results.

72 Articles | JNCI

As a meta-analysis of observational studies, our findings have
several limitations. First, this type of meta-analysis is susceptible to
potential bias inherent in the original studies. The reason for the
disparate results from prospective and case—control studies on the
association of dietary folate intake with breast cancer risk is
unclear. However, it is possible that the inverse associations
reported from the case—control studies may have been overstated
because of recall or interviewer bias and, possibly, because early
symptoms in patients may have resulted in a change in dietary
habits. Furthermore, selection bias is a problem in the studies with
low response rates among control subjects (27-29,34,36) because
those who agree to participate are likely to be more health con-
scious and, therefore, may consume more folate-rich foods (e.g.,
fruits, vegetables, and whole-grain cereals) than those who do
not participate. Nevertheless, we did not detect any appreciable
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Table 4. Characteristics of three prospective studies and two case-control studies included in the meta-analysis of blood folate levels

and breast cancer risk*

No. of No. of Measure of
Study case control exposure: exposure Adjusted
(reference) Country patients subjects Age, y difference RR/ORTt (95% Cl) Adjustments
Prospective
studies*
Wu et al. United 1338 1338 18-90 SF: Q5 vs. Q1 0.93 (0.42 to 2.00)§|| Age, race, menopausal
1999 (39) States 1109 1109 1.27 (0.53 to 3.03)||1 status, date of blood
Zhang et al.  United 712 712 43-69 PF: >14.0 vs. 0.73 (0.50 to 1.07) Age, age at menarche,
2003 (40) States <4.6 ng/mL parity, age at first
birth, age at
menopause, PMH use,
family history of breast
cancer, history of
benign breast disease,
BMI, alcohol
Rossi et al.  Australia 159 1024 40-90 SF: >6.0 vs. 0.53 (0.09 to 2.94)]| Age, parity, menopausal
2005 (41) <3.0 pg/L status, OC use,
smoking, BMI, alcohol
Case-control
studies
Beilby et al. Australia 141 109 30-84 SF: >9.0 vs. 0.23 (0.09 to 0.54) Age, MTHFR C677T
2004 (42) <5.0 pg/L genotype, age at
menarche, parity, total
fat, alcohol
Chou etal. Taiwan 128 257 20-80 PF: >13.3 vs. 0.64 (0.35t0 1.17) Age, duration of fasting
2006 (38) <9.0 ng/mL

* RR = relative risk; OR = odds ratio; Cl = confidence interval;, SF = serum folate; Q = quintile; PF = plasma folate; PMH = postmenopausal hormone; BMI = body
mass index; OC = oral contraceptive; MTHFR = methylenetetrahydrofolate reductase.

w H =+

1974 cohort (median folate concentration among controls = 3.6 ng/mL).

—- ==

1989 cohort (median folate concentration among controls = 8.0 ng/mL).

difference between summary results from case—control studies
with low versus high response rates among control subjects.
Second, a meta-analysis is not able to solve problems with con-
founding factors that could be inherent in the included studies.
Inadequate control for confounders may bias the results in either
direction, toward exaggeration or underestimation of risk estimates.

Relative risk (in prospective studies) or odds ratio (in case—control studies) for highest versus lowest category.

The studies by Wu et al. (38) and by Zhang et al. (39) were nested case-control studies within prospective cohorts.

Converted odds ratio; the original one was for comparison of low versus high serum folate levels.

However, most studies in this meta-analysis adjusted for other known
and potential risk factors for breast cancer.

Third, heterogeneity may be introduced because of methodo-
logic differences among studies, including different exposure levels
for the lowest and highest folate intake category, range of exposure,
and dietary assessment methods. If only very low folate intakes are

Study (reference)

Prospective studies RR/OR (95% CI)
Wu et al., 1999 (39)* —— 0.93 (0.42 to 2.00)
Wu et al., 1999 (39)+ L 1.27 (0.53 to 3.03)
Zhang et al., 2003 (40) —-—- 0.73 (0.50 to 1.07)
Rossi et al., 2005 (41) 0.53 (0.09 to 2.94)

Summary estimate _— 0.81(0.59 to 1.10)

Case-control studies
Beilby et al., 2004 (42) —— 0.23 (0.09 to 0.54)
Chou et al., 2006 (38) —— 0.64 (0.35to 1.17)

Summary estimate e — 0.41 (0.15 to 1.10)

T T T T 1
0.1 0.2 0.5 1 15 3

RR/OR for high versus low blood folate levels

Fig. 3. Relative risks (RRs; in prospective studies) or odds ratios (ORs;
in case—control studies) of breast cancer comparing the highest with
the lowest blood folate level categories. Squares indicate study-
specific risk estimates (size of the square reflects the study-specific
statistical weight, i.e., the inverse of the variance); horizontal lines

jnci.oxfordjournals.org

indicate 95% confidence intervals (Cls); diamond indicates summary
estimate with its corresponding 95% confidence interval. Test for het-
erogeneity: prospective studies, Q = 1.66, P = .65, and /2 = 0%; case-
control studies, Q = 3.45, P = .06, and /2 = 71.0%. * = 1974 cohort;
T =1989 cohort.
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Study (reference) Alcohol intake RRIOR (95% Cl)
High alcohol intake :
Zhang et al., 1999 (11)*  >15g/d —i— 0.56 (0.41 t0 0.79)
Rohan et al., 2000 (12)*  >14 g/d i : 0.34 (0.18 t0 0.61)
Negri et al., 2000 (32)t  >25g/d —— 0.49 (0.32 to 0.74)
Levi et al., 2001 (27)t Drinkers —‘-— 0.55(0.33t0 0.92)
Summary estimate —_ 0.51(0.41to 0.63)
Low alcohol intake :
Zhang et al., 1999 (11)* <15 g/d E o 0.99 (0.89t0 1.12)
Rohan et al., 2000 (12)* <14 g/d +—l— 1.22(0.941t01.58)
Negri etal., 2000 (32)t  <1g/d ——r 0.79 (0.60 to 1.06)
Levi et al., 2001 (21)t Non-drinkers —— 0.67 (0.40 to 1.12)
Summary estimate — = 0.95 (0.78 to 1.15)
I T T 1
0.2 04 0.7 1 1.6

RR/OR for high versus low folate intake

Fig. 4. Relative risks (RRs; in prospective studies) or odds ratios (ORs; in
case—control studies) of breast cancer comparing the highest with the
lowest folate intake categories, stratified by alcohol consumption.
Squares indicate study-specific risk estimates (size of the square
reflects the study-specific statistical weight, i.e., the inverse of the

related to increased risk of breast cancer, no association between
folate intake and breast cancer would be expected in studies in which
the population being studied has an adequate folate intake. The
estimated intakes of folate that are based on different questionnaires
and different nutrient databases may not be comparable. Dietary
intake was assessed with a self-administered food-frequency ques-
tionnaire in all prospective studies, whereas interviewer-adminis-
tered questionnaires were used in 11 of the 14 case—control studies.
Using an interviewer to administer a questionnaire may reduce error
by increasing the subjects’ participation and motivating them to
respond more accurately. However, interviewers may also introduce
error if they affect the subjects’ responses. The difference in risk
estimates from prospective and case—control studies could theoreti-
cally be related to different extent of errors in the measurement of
folate intake and confounders. In a multivariable model with more
than one variable measured with error, correlation between variables
and their errors could bias the results in either direction.

Fourth, only two (11,20) of the eight prospective studies updated
the information about diet during follow-up. Misclassification
of folate intake may have been introduced in the six prospective
studies (12-16,25) that assessed dietary intake at baseline only,
which could lead to an underestimation of the risk estimates. Since
1998, flour and cereal-grain products in the United States have
been fortified with folic acid. This could have introduced misclassi-
fication of long-term folate intake in the US studies that covered
both pre- and postfortification periods (16,20).

Finally, inherent in any review process of published studies is
the possibility of publication bias. In this meta-analysis, we found
no evidence of substantial publication bias.

An increased risk of breast cancer associated with moderate
alcohol consumption has been consistently observed in epidemio-
logic studies (2—4). Elevated estrogen and androgen concentrations
in women who drink alcohol have been suggested as the most
likely mechanisms underlying the relation between alcohol intake
and breast cancer risk (3). The effect of high alcohol consumption
on breast cancer risk may also partly be related to the negative
influence of alcohol on folate absorption and metabolism (9,10).

74 Articles | JNCI

variance); horizontal lines indicate 95% confidence intervals (Cls); dia-
mond indicates summary estimate with its corresponding 95% confi-
dence interval. Test for heterogeneity: high alcohol, Q = 2.12, P = .55,
and /2=0%; low alcohol, Q=7.06, P=.07, and /?=57.5%. * = Prospective
study; T = case—control study.

In addition to alcohol consumption, functional polymorphisms
in genes encoding folate-metabolizing enzymes may modify the
relation between folate and risk of breast cancer. Methylenetetrah-
ydrofolate reductase (MTHEFR) is a central enzyme in one-carbon
metabolism. A recent meta-analysis (43) showed no overall associa-
tion between two functional polymorphisms of the MTHFR
(C677T and A1298C) gene and breast cancer risk; however, the
677TT (variant) genotype, compared with the CC genotype, was
associated with a statistically significant increased risk of breast
cancer among premenopausal women, but this finding was based
on only five studies (43). Of three studies that have investigated the
potential interaction between folate and the MTHFR C677T
polymorphism in relation to breast cancer risk (36,44,45), two
found that the increase in breast cancer risk associated with low
folate intake was stronger among women with the 677TT geno-
type (44,45).

Two prospective studies have examined folate intake in relation
to breast cancer risk according to estrogen receptor (ER) status of
the tumor (46,47). In the Nurses’ Health Study, high total folate
intake was associated with a statistically significantly reduced risk
of developing ER-negative, but not ER-positive, breast cancer
(47). The inverse association between folate intake and ER-
negative breast cancer was primarily present among women who
consumed alcohol at 15 g/day or more. In the Iowa Women’s
Health Study (46), there was no overall association of dietary or
total folate intake with ER-negative or ER-positive breast cancer,
but there was a statistically significant increased risk of ER-
negative tumors among women who had a low total folate intake
and high alcohol consumption.

Although most epidemiologic studies included in this meta-
analysis have reported either an inverse or no association between
dietary folate intake or blood folate levels and breast cancer risk,
one prospective study found a statistically significant increased risk
of breast cancer of approximately 30% associated with high total
folate intake (from foods and supplements) (16). In a study of
women involved in a trial of folic acid supplementation in preg-
nancy with more than 30 years of follow-up (48), women who had
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been randomly assigned to the highest folic acid dose (5 mg/day)
had a nonstatistically significant twofold elevated risk of breast
cancer (RR =2.02,95% CI = 0.88 to 4.72) compared with women
in the placebo group. Moreover, studies in rodents have demon-
strated that mild dietary folate deficiency suppresses chemically
induced mammary cancer (49-51).

In summary, findings from this meta-analysis show an inverse
association between dietary folate intake and risk of breast cancer
in case—control studies but no association in prospective studies.
Nevertheless, there was evidence from prospective studies that
adequate folate intake may attenuate the increased risk of breast
cancer associated with alcohol consumption. Large prospective
studies that investigate interactions between folate and other nutri-
ents involved in one-carbon metabolism, alcohol consumption,
and functional polymorphisms in genes encoding folate-
metabolizing enzymes are needed to further clarify the role of
folate in breast cancer etiology. Future studies should also examine
whether the relation between folate and breast cancer risk varies
according to the ER status of the tumor.
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