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  ARTICLE  

          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 
defi ciency 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 

include methionine (a one-carbon donor) and vitamins B 6  and B 12  
(cofactors for one-carbon metabolism). Alcohol consumption can 
negatively infl uence folate absorption and metabolism ( 9 , 10 ). 
Several prospective studies have found that the increase in the risk 
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        Folate and Risk of Breast Cancer: A Meta-analysis  
    Susanna C  .   Larsson   ,      Edward     Giovannucci   ,      Alicja     Wolk                 

   Background   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 
folate intake and levels in relation to risk of breast cancer.  

   Methods   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 
model. All statistical tests were two-sided.  

   Results   Folate intake in increments of 200  µ g/day was not associated with the risk of breast cancer in prospective 
studies (estimated summary relative risk [RR] = 0.97, 95% confidence interval [CI] = 0.88 to 1.07, for dietary 
folate [eight studies; 302 959 participants and 8367 patients with breast cancer], and RR = 1.01, 95% CI = 
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% CI = 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% CI = 0.59 to 1.10 [three 
studies]) or in case – control studies (OR = 0.41, 95% CI = 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% CI = 0.41 to 0.63) but not among women with low or no alcohol consumption (summary esti-
mate = 0.95, 95% CI = 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 6  and B 12 , and the findings were 
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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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 modifi ed by intakes of alcohol, methionine, and 
vitamins B 6  and B 12 . 

  M ethods  
  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 (CIs) or sufficient 
data to allow calculation of these effect measures.  

  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-specifi c 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   2  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 signifi cant heteroge-
neity.  I  2   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 signifi cant pub-
lication bias) ( 24 ). All statistical analyses were performed with 
Stata, version 9.0 (StataCorp, College Station, TX). All statistical 
tests were two-sided.   

  R esults  
  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, 

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

 Eight prospective studies ( 12  –  16 , 20 , 25 , 26 ) (including 302 959 
participants and 8367 patients with breast cancer) and 13 case –
 control studies ( 21 , 22 , 27  –  37 ) (including 8558 case patients and 
10 812 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 
signifi cant 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, fi ve ( 21 , 32 , 33 , 35 , 37 ) found a statistically signifi cant inverse 
relation between dietary folate intake and breast cancer risk. 
Overall, high versus low dietary folate intake was associated with a 
statistically signifi cant 27% reduced risk of breast cancer in case –
 control studies; there was no statistically signifi cant heterogeneity 
among studies ( Fig. 1 ). Egger’s test suggested no statistically sig-
nifi cant 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 306 209 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 signifi cant heterogeneity among studies within 
each study design ( Fig. 2 ). There was no evidence of publication 

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 
 µ g/day. Overall, we found that an increment of dietary folate 
intake of 200  µ g/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 signifi cantly 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 ). Stratifi ed analysis (within each 
study design) by geographic region, menopausal status, or adjust-
ment for alcohol intake did not show any statistically signifi cant 
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 signifi cantly 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  µ g/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 signifi cant 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 

  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-specifi c risk estimates ( size of the square  refl ects the 
study-specifi c statistical weight, i.e., the inverse of the variance); 

 horizontal lines  indicate 95% confi dence intervals (CIs);  diamond  
indicates summary estimate with its corresponding 95% confi dence 
interval. Test for heterogeneity: prospective studies,  Q  = 12.65, 
 P  = .08, and  I   2  = 44.6%; case – control studies,  Q  = 16.61,  P  = .17, 
and  I   2  = 27.8%.    



jnci.oxfordjournals.org   JNCI | Articles 71

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 modifi ed by folate intake was investigated in 
fi ve 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 

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  trend  = .03, for 
quintile 1, and  P  trend  = .01, for quintile 2) but was not associated with 
risk among women in the three highest quintiles of methionine 
intake ( P  trend  = .88, for quintile 3;  P  trend  = .23, for quintile 4; and  P  trend  = 
.63, for quintile 5). In contrast, in a case – control study in China 
( 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 6  and/or vita-
min B 12 . Two studies ( 26 , 37 ) found that folate intake was statisti-
cally signifi cantly inversely associated with breast cancer risk 
among women with high vitamin B 12  intake but not among those 
with low vitamin B 12  intake; the test for interaction between intakes 
of folate and vitamin B 12  was statistically signifi cant in one of these 
studies ( P  interaction <.001) ( 37 ) but not in the other ( P  interaction  = .28) ( 26 ). 
No statistically signifi cant interaction was observed between folate 
and vitamin B 6  intake in relation to breast cancer risk ( 12 , 25 ).   

  D iscussion  
 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  µ g/day in dietary folate 

  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-specifi c risk estimates ( size of the square  refl ects the 
study-specifi c statistical weight, i.e., the inverse of the variance); 

 horizontal lines  indicate 95% confi dence intervals (CIs);  diamond  
indicates summary estimate with its corresponding 95% confi dence 
interval. Test for heterogeneity: prospective studies,  Q  = 11.62, 
 P  = .04, and  I   2  = 57.0%; case – control studies,  Q  = 6.14,  P  = .05, and  
I   2  = 67.4%.    
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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 6  and B 12  have yielded incon-
clusive results. 

 As a meta-analysis of observational studies, our fi ndings 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 

  Table 3.     Summary relative risk (RR) or odds ratio (OR) estimates of the association between folate intake (in increments of 200  µ g/day) 
and breast cancer risk for prospective and case-control studies *   

  Heterogeneity test 

 Stratification group References RR/OR (95% CI)  †   Q  P  I   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 71.1 
         Type of control group  
             Population-based  22 , 27  –  30 , 33 , 34 , 36 , 37 0.83 (0.75 to 0.92) 8.83 .36 9.4 
             Hospital-based  21 , 31 , 32 , 35 0.67 (0.50 to 0.91) 4.12 .25 27.1 
         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 to 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  

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

   †    Relative risk (in prospective studies) or odds ratio (in case – control studies) for an increment of folate intake of 200  µ g/day.  

   ‡     I  2  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.   
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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. 

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 

  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 *   

  Study 

(reference) Country

No. of 

case 

patients

No. of 

control 

subjects Age, y

Measure of 

exposure: exposure 

difference

Adjusted 

RR/OR  †   (95% CI) Adjustments  

  Prospective 
   studies  ‡   
  Wu et al. 
  1999 ( 39 )

United 
 States

133 § 133 § 18 – 90 SF: Q5 vs. Q1 0.93 (0.42 to 2.00)§|| Age, race, menopausal 
 status, date of blood  110 ¶ 110 ¶  1.27 (0.53 to 3.03) ||  ¶  

  Zhang et al. 
  2003 ( 40 )

United 
 States

712 712 43 – 69 PF: >14.0 vs. 
 <4.6 ng/mL

0.73 (0.50 to 1.07) Age, age at menarche, 
 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. 
  2005 ( 41 )

Australia 15 ¶ 1024 40 – 90 SF:  ≥ 6.0 vs. 
 <3.0  µ g/L

0.53 (0.09 to 2.94)|| Age, parity, menopausal 
 status, OC use, 
 smoking, BMI, alcohol 

 Case – control 
  studies 
  Beilby et al. 
  2004 ( 42 )

Australia 141 109 30 – 84 SF: >9.0 vs. 
 <5.0  µ g/L

0.23 (0.09 to 0.54) Age, MTHFR C677T 
 genotype, age at 
 menarche, parity, total 
 fat, alcohol 

  Chou et al. 
  2006 ( 38 )

Taiwan 128 257 20 – 80 PF: >13.3 vs. 
 <9.0 ng/mL

0.64 (0.35 to 1.17) Age, duration of fasting  

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

   †    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.  

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

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

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

  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-
specifi c risk estimates ( size of the square  refl ects the study-specifi c 
statistical weight, i.e., the inverse of the variance);  horizontal lines  

indicate 95% confi dence intervals (CIs);  diamond  indicates summary 
estimate with its corresponding 95% confi dence interval. Test for het-
erogeneity: prospective studies,  Q  = 1.66,  P  = .65, and  I   2  = 0%; case –
 control studies,  Q  = 3.45,  P  = .06, and  I   2  = 71.0%. * = 1974 cohort; 
 †  = 1989 cohort.    
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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. Misclassifi cation 
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, fl our and cereal-grain products in the United States have 
been fortifi ed with folic acid. This could have introduced misclassi-
fi cation of long-term folate intake in the US studies that covered 
both pre- and postfortifi cation 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 
infl uence of alcohol on folate absorption and metabolism ( 9 , 10 ). 

 In addition to alcohol consumption, functional polymorphisms 
in genes encoding folate-metabolizing enzymes may modify the 
relation between folate and risk of breast cancer. Methylenetet rah-
ydrofolate reductase (MTHFR) 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 signifi cant increased risk of breast 
cancer among premenopausal women, but this fi nding was based 
on only fi ve 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 signifi cantly 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 signifi cant 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 signifi cant 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 

  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, stratifi ed by alcohol consumption. 
 Squares  indicate study-specifi c risk estimates ( size of the square  
refl ects the study-specifi c statistical weight, i.e., the inverse of the 

variance);  horizontal lines  indicate 95% confi dence intervals (CIs);  dia-

mond  indicates  summary estimate with its corresponding 95% confi -
dence interval. Test for heterogeneity: high alcohol,  Q  = 2.12,  P  = .55, 
and  I   2  = 0%; low alcohol,  Q  = 7.06,  P  = .07, and  I  2  = 57.5%. * = Prospective 
study;  †  = case – control study.    
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been randomly assigned to the highest folic acid dose (5 mg/day) 
had a nonstatistically signifi cant 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 defi ciency suppresses chemically 
induced mammary cancer ( 49  –  51 ). 

 In summary, fi ndings 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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