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Abstract
Because folate receptor α (FRα) is frequently over-expressed in epithelial ovarian tumors, we
hypothesized that its association with folate may differ by FRα expression or by the timing of
intake. We examined the association between folate and other cofactors in 152 ovarian cancers
evaluated for FRα expression from the Nurses' Health Study. Multivariate odds ratios (ORs) and
95% confidence intervals (CIs) were estimated using unconditional logistic regression. FRα
expression was higher in serous invasive and advanced stage ovarian tumors. Recent dietary folate
intake ≥ 300 μg/day compared to < 300 μg/day was associated with decreased risk of developing
ovarian cancer (OR=0.62; 95%CI 0.40-0.96). There was suggestion of an increased risk with total
folate (dietary and supplemental) (OR=1.42; 95%CI 0.94-2.14 for past and OR=1.53; 95%CI
0.99-2.37 for recent intake). These results did not vary by FRα status of the tumor. Methyl group
score, a marker of high dietary folate and methionine intake but low alcohol consumption, was
inversely associated with risk of ovarian cancer (OR=0.44; 95%CI 0.23-0.84 for past and
OR=0.46; 95%CI 0.24-0.88 for recent intake). There were no clear individual associations
between methionine, vitamin B6, or multivitamin use and ovarian cancer risk overall or by FRα
tumor status. Our data do not support the hypothesis that the relationship between factors involved
in one-carbon metabolism and ovarian cancer risk differs by FRα status of the tumor.
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Introduction
Epidemiological evidence suggests an inverse relationship between folate status and the risk
of developing breast and colon cancer 1, 2. Despite this, the evidence to date has been
limited and inconsistent for ovarian cancer. Four case-control studies have generally
reported no association between folate intake and the risk of ovarian cancer 3-6; whereas,
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the results from three of four prospective cohort studies, including one from the Nurses'
Health Study (NHS), have suggested an inverse relationship with dietary folate intake,
although none of the associations reached statistical significance 7-10. The inconsistencies
in the results for ovarian cancer have been attributed to the modification by other factors
including alcohol consumption, intake of other folate cofactors involved in one-carbon
metabolism (i.e. methionine, vitamins B6 and B12) and genetic variation in cellular folate
metabolism 11.

Many epithelial ovarian tumors overexpress folate receptor α (FRα) 12. FRα expression has
been associated with higher stage, grade, and worse survival 12-14. However, it is not clear
whether FRα expression is an early or late event in tumorigenesis 12 and whether the timing
of intake of folate or other methyl donors influences the risk of developing FRα positive
ovarian tumors. Since few modifiable risk factors for ovarian cancer exist, it is important to
clarify the role of folate in the etiology of this disease. We examined whether intake of
folate and other nutrients involved in methyl group metabolism (e.g., methionine and
vitamin B6) and multivitamin use were associated with ovarian cancer risk stratified by FRα
status of the tumor. We also examined whether the association differed by the timing of
intake.

Materials and Methods
Study population

The NHS was initiated in 1976, when 121,700 U.S. female registered nurses aged 30-55
years completed a self-administered questionnaire about various risk factors for disease
15-17. Study participants have been followed biennially by questionnaire to update exposure
status and disease diagnoses. In 1980, we included a 61-item food frequency questionnaire
(FFQ) that asked about the use of vitamin and mineral supplements; the questionnaire was
expanded to 131 items in 1984. Participants completed the expanded FFQ in 1986, 1990,
1994, 1998 and 2002. Follow-up for this cohort of women was >95% of person-years
through 2002.

Assessment of exposure and covariate information
Details on the semi-quantitative FFQ and its reproducibility have been published previously
18-21. Briefly, for each food and beverage item, the questionnaire specifies a common
serving size and asks participants to indicate their average intake of that food item during the
past year (responses range from “almost never” to “six or more times per day”). We
calculated intakes of dietary folate, methionine, and vitamin B6 by multiplying the
frequency of food item consumption by the nutrient content of the specified serving size,
using food composition values from the US Department of Agriculture 22-24. Nutrient
intakes are computed with and without vitamin and mineral supplements. Because of
changes in food composition and fortification, our nutrient database is year-specific. For
example, we take into account folate fortification for questionnaires completed in 1998 and
beyond. All nutrient intakes were adjusted for total energy intake using the nutrient residual
method 25. If a woman did not provide intake information for a particular food item in a
certain year, that food was not included in the calculation of her intake of that nutrient in
that year. However, this was rare since we only included FFQs that had missing data for 10
or fewer food items. Participants also provided information on the dose and duration of any
vitamin supplements used, including brand of multivitamin. We used this information to
calculate total folate and vitamin B6 intakes from both diet and supplements. Other dietary
factors, including lactose intake, total calories, and alcohol consumption were assessed
similarly.
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Information on the potential confounding variables, including body mass index (BMI),
reproductive history, and postmenopausal hormone (PMH) use was asked at baseline and
updated on the biennial study questionnaires. Oral contraceptive (OC) use was asked at
baseline through 1982, by which time use was rare because of the age distribution of the
cohort. Women were not asked about a family history of ovarian cancer until 1992; they
were then subsequently queried about this in 1996 and 2000.

Ascertainment of cases, ovarian tumor block collection, and control selection
Incident cases of epithelial ovarian cancer were identified by biennial questionnaire from
1976 to 2002. For women reporting a new ovarian cancer or cases identified via death
certificate 26, we obtained pathology reports and related medical records. A gynecologic
pathologist, unaware of exposure status, reviewed the records to confirm the diagnosis and
classify cancers by invasion, histologic type, and stage. Paraffin-embedded tissue blocks
with representative samples of the ovarian carcinoma and one or more blocks of uninvolved
tissue (e.g. uterine) were requested for each of the confirmed ovarian cancer cases. Records
were reviewed to determine the accession number of the primary surgery to remove the
tumor. Appropriate blocks were then selected by the pathologist to isolate primary tumor
tissue for a tissue microarray (TMA). The tissue blocks containing ovarian carcinoma were
matched to their corresponding hematoxylin and eosin stained slides and the histologic
diagnosis was confirmed. The initial fixation, processing and storage conditions of these
tissues is largely unknown as blocks came from multiple hospitals across the United States
but are assumed to follow standard practices of clinical labs. Four control women per case
were randomly selected from the NHS study participants and matched to the case on year of
birth. Eligible women had no prior bilateral oophorectomy (i.e. at least one ovary), and no
history of cancer, other than non-melanoma skin cancer, at the time of diagnosis of the
ovarian case.

Tissue microarray construction and immunohistochemistry
TMAs were assembled by taking three 0.6 mm core biopsies from each tissue block and re-
embedding them with a spacing of 0.8 mm into an arrayed “master” paraffin block at the
Pathology Core of the Brigham and Women's Hospital 27. Slides were cut from the TMA
block for staining. Microarray slides were processed and stained within two weeks of
cutting. Five-micron sections were soaked in Xylene overnight to remove any adhesive from
the tape transfer system. Sections were stained using the primary antibody mAb343
(courtesy of Wilbur Franklin and Philip Low) according to published methods 28. Staining
was graded by a gynecologic pathologist (JLH). Staining was scored as the number of
reactive versus total cells and was categorized as 0, 1-10, 11-25, 26-50, and >50%. Three
spots from the same case were independently assessed. Spots where tissue was missing from
the slide or where only a few cell clusters (<20 cells) were present were designated as
uninterpretable. Concordance (Cohen's Kappa [κ]) with a second pathologist (JDM) for the
individual cores was 0.82 and for the maximum stain of the three cores was 0.85.

Statistical Analysis
The cores were dichotomized into FRα positive (+) if >10% of cells stained positive and
FRα negative (-) if ≤10% stained positive, based on the maximum value of the three cores.
The Fisher's exact test was used to examine if staining positivity for FRα differed by
histologic type, invasiveness and stage. Because folate may have differential effects early
(prior to tumor formation) versus late (after establishment of precursor lesion) in ovarian
carcinogenesis 29, all the dietary exposures were assessed in two ways. First, we used
baseline intake reported in 1980 as a measure of past intake since prior intake may reduce
the risk of ovarian cancer. Second, we examined intake in the questionnaire cycle
immediately preceding the report of ovarian cancer. This provided a measure of recent
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intake that may increase risk by promoting the growth of existing malignant cells. For the
analyses, we created dichotomous variables for intake based on the distribution in the
control subjects or to match cut-points at which associations were observed in our previous
studies 10(see Tables for cut-points). Median (10th - 90th percentile) dietary and total folate
intake among the controls was 286.70 (191.00-383.00) and 403.26 (215.33-722.00) μg/day,
respectively. We also created a methyl group score based on alcohol consumption and
dietary folate or methionine intake 30. A high methyl group score was defined as alcohol
intake of <3 g/d (< median) and dietary folate or methionine in the top tertile; a low methyl
group score was defined as alcohol intake ≥3 g/d (≥ median) of alcohol and dietary folate or
methionine in the lowest tertile; and all other scores were defined as intermediate.
Multivitamin and folic acid supplement use (not asked until 1984) was coded as regular use
(yes, no).

Unconditional logistic regression was used to estimate the odds ratios (ORs) and 95%
confidence intervals (CIs) for the risk of developing ovarian cancer comparing high versus
low intakes of the dietary factors. We used polytomous unconditional logistic regression 31
to estimate risk for each case group (FRα positive [+] and FRα negative [-]) referenced to
the controls, simultaneously. To determine whether the ORs across case groups differed, we
compared a model holding the association of the exposure variable and ovarian cancer
constant across case groups to one allowing the association to vary, using the likelihood
ratio test 31. A priori, models were adjusted for the following potential confounders: age,
number of pregnancies, menopausal status at diagnosis, and lactose intake. Tests for trend
were conducted by modeling the quintile median concentrations and calculating the Wald
statistic. P values were based on two-sided tests and considered significant at ≤0.05.
Analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC).

Results
Descriptive characteristics of 152 ovarian cancer cases and 649 control subjects

The characteristics of the 152 ovarian cancer cases with FRα expression data and 649
healthy control subjects are shown in Table 1. We have previously shown that eligible cases
in the NHS cohort through 2002 (n=672), those with any tissue sample (i.e., a tumor block
or slide; 51%of eligible cases), and those cases included in our tissue microarrays (26% of
eligible cases) were similar with respect to age at diagnosis, stage, and known risk factors
for ovarian cancer 27. Of the cases, 60 (39%) expressed and 92 (61%) did not express FRα.
Controls were more likely to have used oral contraceptives or had a tubal ligation compared
to cases. Ovarian cancer risk factors did not appear to differ between the FRα+ and FRα-
cases. There was a significant difference in the distribution of FRα staining tumors
according to histologic subtype (P<0.001). Expression of FRα in the serous, endometrioid,
mucinous, and clear cell subtypes was 55%, 30%, 7%, and 14%, respectively. A higher
proportion of the stage 1 or 2 cancers were FRα- (80%) while the prevalence of the FRα+
and FRα- stage 3 or 4 tumors was similar (54% and 46%, respectively) (P<0.001). FRα
expression also was significantly associated with tumor morphology (P=0.004). Ninety-four
percent of the borderline tumors did not express FRα while 43% of invasive tumors were
FRα+ and 57% were FRα-.

Past and recent folate, methionine, and vitamin B6 intake
Dietary folate intake, in the past and more recently, were both inversely associated with the
risk of developing ovarian cancer (Table 2); however, the association only achieved
statistical significance with recent intake of ≥300 μg/day compared to < 300 μg/day
(OR=0.62; 95%CI 0.40-0.96). The results did not vary by FRα status of the tumor (P-
heterogeneity=0.40). In contrast, we observed a non-significant positive association between
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total folate (dietary and supplemental) intake of ≥500 versus <500 μg/day and risk
(OR=1.42; 95%CI 0.94-2.14; P-trend = 0.16 for past intake and OR=1.53; 95%CI 0.99-2.37
P-trend=0.19 for recent intake). The relationship between total folate intake and ovarian
cancer was similar for FRα+ and FRα- tumors (P-heterogeneity ≥0.57).

We did not observe any clear associations between dietary vitamin B6 intake of ≥2 versus
<2mg/day and risk (e.g., OR=0.90; 95%CI 0.54-1.48; P-trend=0.83 for past intake)(Table 2)
(P-heterogeneity=0.32). There was no significant association between past (≥1.26 versus
<1.26 g/day; OR=1.23; 95%CI 0.56-2.71) or recent (OR=0.99; 95%CI 0.54-1.83) intake of
methionine with risk; however, the association with past intake varied somewhat by FRα
status (P-heterogeneity=0.07)(data not shown). Lower past intake was not clearly associated
with developing FRα+ (OR=1.89; 95%CI 0.44-8.05; P-trend = 0.05) or FRα- cancer
(OR=1.03; 95%CI 0.42-2.52; P-trend = 0.72).

Past and recent multivitamin or folic acid supplement use, and methyl group score
Overall, there was no association between past or recent multivitamin use and risk of
ovarian cancer (OR=1.16; 95%CI 0.79-1.69 and OR=0.94; 95%CI 0.65-1.35, respectively)
(Table 3); although, there was evidence for heterogeneity in the association between recent
multivitamin use based on FRα status of the tumor (P-heterogeneity = 0.05). Women who
recently used multivitamins for more than two years were at a suggestive increased risk of
developing FRα+ (OR=1.63; 95%CI 0.35-7.50) and possibly decreased risk of developing
FRα- (OR=0.75; 95%CI 0.45-1.27) ovarian tumors; however, the confidence intervals were
wide and should be interpreted with caution. Overall, use of folic acid supplements was not
clearly associated with risk of developing ovarian cancer compared to non-users (OR=1.51;
95%CI 0.68-3.36). There was no evidence for heterogeneity in the association based on FRα
expression (P-heterogeneity=0.70).

Women with the highest methyl group score were at a significantly lower risk of developing
ovarian cancer compared to the reference group (OR=0.44; 95%CI 0.23-0.84 and OR=0.46;
95%CI 0.24-0.88, past and recent intakes, respectively)(Table 3). An inverse association
among women in the intermediate methyl group was also observed, although this only
achieved statistical significance for past intake (OR=0.47; 95%CI 0.32-0.70). The
relationship between the recent methyl group score and risk was similar for FRα+ and FRα-
tumors (P-heterogeneity=0.36); however, the decreased risk with a high (versus low) past
methyl group score was stronger among FRα- tumors (P-heterogeneity=0.09), with a
significant 76% reduction in the risk of developing FRα- tumors (95%CI 0.09-0.62).

The results were similar when we used the cumulative average of intakes reported an all the
previous FFQ's compared with intake from the questionnaire cycle immediately preceding
the report of ovarian cancer (recent intake) (data not shown). In an analysis of daily alcohol
consumption, we observed a significantly increased risk of ovarian cancer with consumption
of ≥5 compared with <5 mg of alcohol per day irrespective of timing of intake and FRα
status of the tumor (OR=2.11; 95%CI 1.45-3.06 and OR=1.63; 95%CI 1.09-2.44, past and
recent, respectively) (data not shown).

Discussion
Ours is the first study that has examined whether the relationship between folate (and dietary
factors involved in one-carbon metabolism) and risk of ovarian cancer differs by FRα
expression of the tumor. We observed an inverse association between folate from food
sources and risk; whereas, there was a positive association with total folate, which includes
both food sources and supplemental intake. These relationships were similar irrespective of
the timing of intake (past versus recent), as well as the FRα status of the tumor (FRα+ versus
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FRα-). A high methyl group score (e.g., high methionine or folate and low alcohol intakes)
also was associated with a lower risk, which was suggestively stronger for FRα- tumors.
There were no clear associations between methionine, vitamin B6, or multivitamin use and
risk. Although based on a small sample of 152 cases, these data suggest that the
inconsistencies in the literature thus far describing the association between folate co-factors
and the risk of ovarian cancer cannot be attributed to a modifying role of timing of intake or
FRα status.

In the only other study to investigate epidemiologic factors with FRα expression,
multivitamin intake in the year prior to diagnosis was associated with decreased risk of
ovarian cancer regardless of FRα tumor expression level 32, but multivitamin intake among
cases was associated with a three-fold likelihood of having a strong-expressing FRα ovarian
tumor 32. In contrast, we did not find an association between past multivitamin use and
overall ovarian cancer risk; however, women who recently used multivitamins for at least
two years were at a non-significantly 63% increased risk of developing FRα+ and 25%
decreased risk of developing FRα- tumors compared to never users. The difference in the
proportion of tumors with elevated FRα expression between the prior study and our study
may explain the heterogeneity in the results. For example, 61% of tumors were classified as
FRα strong-expressing tumors and 39% had absent/weak/moderate expression in the
Kelemen et al. study 32, 33; we observed that 39% of tumors were FRα+ (i.e., >10% of cells
stained positive). Although the classifications were different, one might have expected the
lower cut-off for positivity in our study to have captured a larger proportion of FRα+ tumors
if they were present. In a post hoc analysis of our data using the same classification as the
Kelemen study, the results for multivitamin use did not change substantially (data not
shown).

Technical explanations for the different results are unsatisfying. Differences due to the
antibody used by Kelemen et al. (Pu17 polyclonal vs. mAb343 monoclonal antibody) are
unlikely since recent analyses of the Mayo Clinic tumors using the mAb343 antibody
similarly reported 72% of tumors staining positive for FRα 32, 33. We previously have
shown no effect of tissue age on antigen preservation in this cohort of women 27 and we did
not observe any differences in staining quality when stratified by year of diagnosis for the
FRα stain (data not shown). Despite these differences, both studies 33 reported
proportionately higher FRα+ staining among serous and endometrioid histologies and lower
FRα + staining for mucinous tumors. Although speculative, another reason for the
differences in the distribution of FRα+ staining tumors may be that the Kelemen cases were
identified post-folic acid food fortification, while 96% of NHS cases were diagnosed in the
pre-fortification period. Because these are the only two studies with representative
population samples that report on the distribution of FRα in ovarian tumors, prospective
follow-up for incident cases of ovarian cancer post-fortification in ours and other studies
will be crucial to understanding the role of FRα expression in ovarian cancer.

Dietary intake of ≥300 μg of folate/day was associated with a 16-38% decrease in the risk of
developing ovarian cancer in our study. This effect was strongest with recent rather than past
intake. Collectively, three of four prospective evaluations have reported similar weak, non-
significant inverse associations between dietary folate intake and the risk of ovarian cancer
8-10. Furthermore, the protective effect was strongest among women who consumed alcohol
in all of the studies except for the prospective analysis of the NHS 7-10. The results from
four case-control studies have been null and none of them looked at effect modification by
alcohol intake 3-6. Our findings of a positive association with total folate intake (past and
recent) are also in accordance with the results from the Iowa Women's Health Study and the
larger NHS study, which both reported non-significant positive associations between total
folate intake and risk (RR=1.73; 9; P-trend = 0.20 and RR=1.21; P-trend = 0.05,
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respectively) 7, 10. The current study and our prior analysis in the entire NHS cohort had
slightly different results (the current study observed stronger associations in general). This
may be due to the use of cumulative average intake in our previous report 10 versus intake
in the cycle prior to cancer diagnosis in this analysis. Additional differences between these
two studies include the larger sample size of the earlier analysis and use of quintiles of
exposure versus dichotomous intake. We found no evidence for heterogeneity of folate-
related risk by FRα status suggesting that the potential effect of folate on ovarian
carcinogenesis does not act through this receptor.

The relationship between past methionine intake and risk varied by FRα status of the tumor.
There was suggestion of an increased risk with higher intakes for FRα+ but not FRα-
tumors. No clear associations were observed for dietary or total B6 intakes. These findings
require further validation given the limited statistical power and lack of a dose-response
relationship. In the prospective analysis of the NHS, Tworoger et al. reported no significant
associations between methionine and total vitamin B6 intakes and risk 10, but the authors
did not explicitly examine associations by timing of intake. In their case-control study,
Bidoli et al. similarly reported no association for vitamin B6 intake 3. Finally, we observed
that women with a high methyl score (past or recent) had a significant 54-56% reduction in
ovarian cancer risk, irrespective of FRα expression and timing. This score was developed to
take into account intake of important methyl group donors (i.e. folate and methionine) in
addition to alcohol consumption, a known folate antagonist 34. The consistency in these
results implies that overall methyl status, as opposed to intake of individual methyl group
donors, may be more important in ovarian cancer prevention. The significant increase in risk
with alcohol consumption requires further evaluation and is likely due to chance since
Tworoger et al. found no evidence for an association of alcohol with ovarian cancer risk in
the prospective analysis of the entire cohort 35.

A dual modulatory role of folate in the etiology of colorectal and breast cancers depending
on the timing and dose of the intervention has been described 36, 37. In normal epithelial
tissues, folate deficiency predisposes and modest levels suppress neoplastic transformation;
whereas, supraphysiological doses enhance the development of tumors 29, 38. In contrast,
folate deficiency has an inhibitory effect whereas folate supplementation has a promoting
effect on the progression of established neoplasms 29, 36. The data from the current study
supports this hypothesis. Although not significant, there was suggestion of an increased risk
of developing ovarian cancer with use of folic acid supplements and high levels of total
folate (i.e. supplemental and dietary) while folate from food sources was protective,
irrespective of the timing of intake. It is possible that folate from diet and supplements may
act differently at the receptor level. Folic acid is more stable and has a higher bioavailability
than dietary folate since the former is absorbed with almost twice the efficacy of dietary
folate 39, 40. Normally following ingestion, folic acid is normally reduced and methylated
by dihyrofolate reductase to 5-methyltetrahydrofolate, the main circulating form of folate.
However, at levels > 300 μg this process is saturated and folic acid is transported in the
unmetabolized form which may preferentially bind to the folate receptor 41, 42. Given the
relatively few number of women who used folic acid supplement in this cohort, the
suggestive positive association between folic acid supplement use and risk requires
corroboration. Thus, similar to the literature for other cancers, our findings confirm that both
the dose and formulation of folate may play important roles for ovarian carcinogenesis.

Similar to what has previously been described, we found that ovarian tumors that expressed
FRα were mostly serous invasive and at advanced stage (i.e. either stage 3 or 4), suggestive
of poorer prognosis compared with FRα- tumors 12-14, 32. Despite this, only the
associations between methionine intake and multivitamin use varied by FRα status of the
tumor, and because of multiple statistical comparisons in the current paper, these findings
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may be attributed to chance and should be replicated in future studies. Upregulation of FRα
expression is a common feature in epithelial ovarian cancer; however, it is not clear whether
FRα expression is an early or late event in tumorigenesis 12 or what is its exact function in
tumorigenesis. While it was initially thought that FRα facilitated increased folate uptake to
promote tumor cell differentiation, current evidence suggests that FRα works through
another mechanism as it accounts for <25% of folate uptake in tumor cells 14, 43, 44. This
may explain why FRα status did not differentially affect our results for folate intake as we
initially hypothesized.

This study had several strengths and weaknesses. Due to the small sample size, we lacked
the power to detect modest effects. Furthermore, we were not able to stratify our analyses by
histologic subtype or evaluate a modifying role of other factors (e.g., alcohol). Despite these
limitations, this is the first study to date that has evaluated whether the association between
folate, methionine and vitamin B6 with the risk of epithelial ovarian cancer varied by FRα
status of the tumor. The prospective nature of the NHS allows for the detailed collection of
unbiased risk factor information. More importantly, given the potential dual modulatory role
of folate in carcinogenesis, we were able to evaluate dietary and supplemental exposures in
the past as well as in more recent years. In addition, we used TMAs which minimized
variability in the results due to differences in experimental conditions.

These data suggest that modest levels of dietary folate may reduce the risk of ovarian
cancer, while higher levels of folate (supplemental and dietary) may increase risk. Given the
small sample size, these findings require replication in future studies. It is imperative to
clarify these relationships because folate intake in the United States has increased
dramatically with mandated food fortification. More importantly, we observed increased risk
at levels similar to the current recommended daily intake of 400 μg/day and is similar to the
mean total folate intake in this study population (433 μg/day)45. Because few modifiable
risk factors for ovarian cancer exist, along with the potentially important role of dose and
formulation of this nutrient in carcinogenesis, the possible role of folate and FRα in the
etiology of ovarian cancer risk warrants further consideration.
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Table 1

Characteristics of 152 Ovarian Cancer Cases and 649 Controls From the Nurses' Health Study

Characteristic FRα + FRα- Controls

N (%) 60 (39%) 92 (61%) 649

Age at diagnosis, mean (SD) 63.8 (7.4) 60.02 (9.5) n/a

Parity, mean (SD)a 4.3 (1.8) 3.6 (1.6) 4.0 (1.62)

Oral contraceptive use, ever, N (%) 24 (40%) 36 (39%) 293 (45%)

Tubal ligation, ever, N (%) 8 (13%) 13 (14%) 123 (19%)

Body mass index in 1990, mean (SD) 25.5 (4.7) 24.5 (4.7) 25.4 (4.6)

Histology, N (%)b

 Serous 42 (55%) 35 (45%) n/a

 Endometrioid 10 (30%) 23 (70%)

 Mucinous 1 (7%) 14 (93%)

 Clear cell 2 (14%) 12 (86%)

 Otherc 5 (38%) 8 (62%)

 Pd <0.001

Disease stage, N (%)

 I, II 13 (20%) 52 (80%) n/a

 III, IV 47 (54%) 40 (46%)

 P <0.001

Morphology, N (%)

 Borderline 1 (6%) 15 (94%) n/a

 Invasive 59 (43%) 77 (57%)

 P 0.004

a
Among parous women.

c
The histological classification in Table 2 was based on abstraction of the pathology report.

c
Other includes Brenner, carcinosarcoma, mixed, other, or unknown.

d
P - value calculated using Fisher's exact test.

Int J Cancer. Author manuscript; available in PMC 2011 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kotsopoulos et al. Page 12

Ta
bl

e 
2

R
el

at
io

ns
hi

p 
B

et
w

ee
n 

Fo
la

te
, M

et
hi

on
in

e 
an

d 
V

ita
m

in
 B

6 I
nt

ak
e 

an
d 

th
e 

R
is

k 
of

 O
va

ria
n 

C
an

ce
r i

n 
A

ll 
C

as
es

 a
nd

 b
y 

FR
α 

Ex
pr

es
si

on

A
ll 

C
as

es
FR

α 
+

FR
α-

O
R

 (9
5%

C
I)

1
P-

tr
en

d2
O

R
 (9

5%
C

I)
P-

tr
en

d
O

R
 (9

5%
C

I)
P-

tr
en

d
P-

he
te

ro
ge

ne
ity

3

Pa
st

 D
ie

ta
ry

 F
ol

at
e4

1.
00

 (r
ef

)
1.

00
 (r

ef
)

1.
00

 (r
ef

)

 
<3

00
 v

s ≥
30

0 
μg

/d
0.

84
 (0

.5
6-

1.
28

)
0.

11
0.

78
 (0

.4
1-

1.
50

)
0.

24
0.

88
 (0

.5
3-

1.
45

)
0.

24
0.

83

R
ec

en
t D

ie
ta

ry
 F

ol
at

e5
1.

00
 (r

ef
)

1.
00

 (r
ef

)
1.

00
 (r

ef
)

 
<3

00
 v

s ≥
30

0 
μg

/d
0.

62
 (0

.4
0-

0.
96

)
0.

13
0.

49
 (0

.2
4-

1.
01

)
0.

12
0.

70
 (0

.4
2-

1.
18

)
0.

43
0.

40

Pa
st

 T
ot

al
 F

ol
at

e4
1.

00
 (r

ef
)

1.
00

 (r
ef

)
1.

00
 (r

ef
)

 
<5

00
 v

s ≥
50

0μ
g/

d
1.

42
 (0

.9
4-

2.
14

)
0.

16
1.

52
 (0

.8
2-

2.
81

)
0.

38
1.

36
 (0

.8
3-

2.
24

)
0.

24
1.

00

R
ec

en
t T

ot
al

 F
ol

at
e5

1.
00

 (r
ef

)
1.

00
 (r

ef
)

1.
00

 (r
ef

)

 
<5

00
 v

s ≥
50

0μ
g/

d
1.

53
 (0

.9
9-

2.
37

)
0.

19
1.

41
 (0

.7
1-

2.
78

)
0.

62
1.

61
 (0

.9
6-

2.
69

)
0.

13
0.

57

Pa
st

 D
ie

ta
ry

 V
ita

m
in

 B
64

1.
00

 (r
ef

)
1.

00
 (r

ef
)

1.
00

 (r
ef

)

 
<2

 v
s ≥

2 
m

g/
d

0.
90

 (0
.5

4-
1.

48
)

0.
83

0.
88

 (0
.4

0-
1.

91
)

0.
37

0.
91

 (0
.5

0-
1.

68
)

0.
42

0.
83

R
ec

en
t D

ie
ta

ry
 V

ita
m

in
 B

6
5  

1.
00

 (r
ef

)
1.

00
 (r

ef
)

1.
00

 (r
ef

)

 
<2

 v
s ≥

2 
m

g/
d

0.
75

 (0
.5

0-
1.

13
)

0.
47

0.
98

 (0
.4

9-
1.

94
)

0.
91

0.
56

 (0
.3

2-
0.

99
)

0.
11

0.
32

Pa
st

 T
ot

al
 V

ita
m

in
 B

64
1.

00
 (r

ef
)

1.
00

 (r
ef

)
1.

00
 (r

ef
)

 
<3

 v
s ≥

3 
m

g/
d

1.
30

 (0
.8

8-
1.

93
)

0.
69

1.
36

 (0
.7

5-
2.

45
)

0.
78

1.
26

 (0
.7

9-
2.

03
)

0.
80

0.
95

R
ec

en
t T

ot
al

 V
ita

m
in

 B
65

1.
00

 (r
ef

)
1.

00
 (r

ef
)

1.
00

 (r
ef

)

 
3 

vs
 ≥

3 
m

g/
d

1.
16

 (0
.7

9-
1.

71
)

0.
92

1.
19

 (0
.6

1-
2.

34
)

0.
11

0.
95

 (0
.5

6-
1.

62
)

0.
67

0.
31

1 A
dj

us
te

d 
fo

r a
ge

 (c
on

tin
uo

us
), 

m
en

op
au

sa
l s

ta
tu

s (
pr

em
en

op
au

sa
l, 

po
st

m
en

op
au

sa
l),

 n
um

be
r o

f p
re

gn
an

ci
es

 (c
on

tin
uo

us
), 

la
ct

os
e 

in
ta

ke
 (c

on
tin

uo
us

).

2 P 
fo

r t
re

nd
 w

as
 d

et
er

m
in

ed
 u

si
ng

 th
e 

qu
in

til
e 

m
ed

ia
n 

co
nc

en
tra

tio
ns

 a
nd

 c
al

cu
la

te
d 

us
in

g 
th

e 
W

al
d 

st
at

is
tic

.

3 P 
fo

r h
et

er
og

en
ei

ty
 w

as
 c

al
cu

la
te

d 
us

in
g 

po
ly

to
m

ou
s l

og
is

tic
 re

gr
es

si
on

.

4 N
 fo

r p
as

t i
nt

ak
e 

= 
55

, 9
3,

 a
nd

 6
13

 fo
r F

R
α+

, F
R
α-

, a
nd

 c
on

tro
ls

 re
sp

ec
tiv

el
y.

5 N
 fo

r r
ec

en
t i

nt
ak

e 
= 

39
, 7

2,
 a

nd
 4

82
 fo

r F
R
α+

, F
R
α-

, a
nd

 c
on

tro
ls

 re
sp

ec
tiv

el
y.

Int J Cancer. Author manuscript; available in PMC 2011 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kotsopoulos et al. Page 13

Table 3

Relationship Between Multivitamin Use, Folic Acid Use and the Methyl Group Score and the Risk of Ovarian
Cancer in All Cases and by FRα Expression

OR (95%CI)1

All Cases FRα + FRα- P-heterogeneity2

Past Multivitamin Use3 1.00 (ref) 1.00 (ref) 1.00 (ref)

 Regular Use (yes, no) 1.16 (0.79-1.69) 1.15 (0.65-2.04) 1.16 (0.74-1.83) 0.96

Recent Multivitamin Use4 1.00 (ref) 1.00 (ref) 1.00 (ref)

 Regular Use (yes, no) 0.94 (0.65-1.35) 1.65 (0.86-3.18) 0.75 (0.45-1.27) 0.05

Past Folic Acid Supplement Use5 1.00 (ref) 1.00 (ref) 1.00 (ref) n/a

 Regular Use (yes, no) n/a n/a n/a

Recent Folic Acid Supplement Use4 1.00 (ref) 1.00 (ref) 1.00 (ref) 0.70

 Regular Use (yes, no) 1.51 (0.68-3.36) 1.63 (0.35-7.50) 2.25 (0.78-6.52)

Past Methyl Group Score3,6 1.00 (ref) 1.00 (ref) 1.00 (ref)

 2 0.47 (0.32-0.70) 0.51 (0.28-0.94) 0.46 (0.29-0.73)

 3 0.44 (0.23-0.84) 0.86 (0.38-1.94) 0.24 (0.09-0.62) 0.09

Recent Methyl Group Score4,6 1.00 (ref) 1.00 (ref) 1.00 (ref)

 2 0.81 (0.50-1.32) 0.96 (0.38-2.43) 0.69 (0.35-1.36)

 3 0.46 (0.24-0.88) 0.31 (0.08-1.16) 0.50 (0.22-1.15) 0.36

1
Adjusted for age (continuous), menopausal status (premenopausal, postmenopausal), number of pregnancies (continuous), lactose intake

(continuous).

2
P for heterogeneity was calculated using polytomous logistic regression and modeling the quintile median concentrations.

3
N for past intake = 55, 93, and 613 for FRα+, FRα-, and controls respectively.

4
N for recent intake = 39, 72, and 482 for FRα+, FRα-, and controls respectively.

5
n/a = not applicable because folic acid supplement use was not asked until the 1984 FFQ.

6
Low methyl group score (reference group): ≥ 3 g/d of alcohol and dietary folate or methionine in lowest tertile; intermediate methyl group score

(2): others; high methyl group score (3): < 3 g/d of alcohol and dietary folate or methionine in top tertile.
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