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ABSTRACT
Background: Folate plays a critical role in DNA methylation, syn-
thesis, and repair. Several epidemiologic studies suggest that higher
folate intake is associated with decreased pancreatic cancer risk.
Objective: We investigated the association between dietary folate
intake and pancreatic cancer in the Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial (PLCO) cohort.
Design: Dietary data were collected with the use of a self-administered
food-frequency questionnaire (1998–2005). Among the 51,988 male
and 57,187 female participants, aged 55–74 y at enrollment, with
complete dietary and multivitamin information, 162 men and 104
women developed pancreatic cancer during follow-up (January
1998 to December 2006; median: 6.5 y). We used Cox proportional
hazards regression with age as the time metric to calculate hazard
ratios (HRs) and 95% CIs.
Results: The highest compared with the lowest quartile of food
folate was associated with a significantly decreased pancreatic can-
cer risk among women (�253.3 compared with �179.1 lg/d; HR =
0.47; 95% CI: 0.23, 0.94; P for trend: 0.09) but not among men
(�229.6 compared with �158.0 lg/d; HR = 1.20; 95% CI: 0.70,
2.04; P for trend: 0.67; P for interaction by sex: 0.03). There was
also a significant inverse trend in risk of pancreatic cancer across
increasing quartiles of total folate in women (P for trend: 0.04) but
not in men (P for trend: 0.65). Folic acid supplements were not
associated with pancreatic cancer.
Conclusion: These findings support an association between higher
food and total folate intakes and decreased risk of pancreatic cancer
in women but not in men. Am J Clin Nutr 2010;91:449–55.

INTRODUCTION

In 2008, ’37,680 individuals were diagnosed with pancreatic
cancer and 34,290 died as a result, which makes it the fourth-
leading cause of cancer-related deaths in the United States (1, 2).
With only 5% of cases who survive 5 y after diagnosis (1), di-
etary studies of pancreatic cancer etiology are particularly
challenging because of potential reverse causation and other
biases in retrospective case-control analyses for this rapidly fatal
gastrointestinal cancer. The most consistently observed risk
factors for pancreatic cancer are smoking, obesity, and family
history of pancreatic cancer (3).

Folate is a water-soluble B vitamin that plays a critical role in
DNA synthesis, methylation, and repair (4). Imbalance in these 3
functions may contribute to carcinogenesis. Folic acid is the

synthetic form of folate and has increased bioavailability com-
pared with natural folate. In prospective analyses (5–7), low
intake of folate found naturally in food has been associated with
a statistically significant increased risk of pancreatic cancer.
However, high concentrations of folic acid from supplements and
multivitamins have been associated with a nonsignificant in-
creased risk of pancreatic cancer in 2 prospective studies (5, 8),
whereas a third prospective study found no association with folic
acid (6). Two nested, case-control studies used blood samples to
look at serum concentrations of folate. The first study, in male
smokers with marginal folate status, found a statistically sig-
nificant decreased pancreatic cancer risk among men with higher,
compared with lower, serum folate status (5). The other study
found no association overall; however, nonsignificant inverse
associations were observed in subgroup analyses restricted to
nonusers of multivitamins (9).

Since the United States started mandatory folic acid grain
fortification in 1998, some within the nutrition community have
expressed concern that high folic acid intake, either from grain
fortification or supplements, may unintentionally increase cancer
risk among individuals in the United States (10, 11). These
concerns are based on animal studies and clinical trial results (12,
13). The aim of the present study is to examine whether dietary
folate is associated with decreased pancreatic cancer risk and
whether folic acid from supplements or grain fortification
increases pancreatic cancer risk.
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SUBJECTS AND METHODS

Study design and population

Participants for this study were from the control and in-
tervention arms of the Prostate, Lung, Colorectal, and Ovarian
Cancer Screening Trial (PLCO) conducted by the National
Cancer Institute. Details of the study have been described
elsewhere (14). Briefly, the trial recruited 78,234 women and
76,704 men, aged 55–74 y, from 10 centers between November
1993 and July 2001. Exclusion criteria included a personal
history of prostate, lung, colorectal, or ovarian cancer; a recent
history of screening procedures for one of the PLCO cancers; or
current treatment of any cancer (except nonmelanoma skin
cancer). Eligible subjects randomly assigned to the intervention
arm had regular screenings for the 4 PLCO cancers, which in-
cluded chest X-ray, flexible sigmoidoscopy, prostate-specific
antigen screening, digital rectal examination, cancer antigen 125
screening, and transvaginal ultrasound. Eligible subjects ran-
domly assigned to the control arm were instructed to follow their
usual medical practice. Of those enrolled in the PLCO, only those
with complete dietary and multivitamin information, nonextreme
energy intake, and nonextreme body mass index (BMI; in kg/m2;
outliers for BMI and energy intake were defined as above the
sum of the 75th percentile and 2 times the interquartile range or
below the 25th percentile minus 2 times the interquartile range
after transformation to a normal distribution of the BMI) were
included in this analysis. After these exclusions, 51,988 men and
57,187 women remained for this current analysis.

Each eligible participant provided written informed consent.
The study was approved by the institutional review boards of
the National Cancer Institute and each of the centers that
participated.

Pancreatic cancer case ascertainment

Pancreatic cancer cases were ascertained through a mailed
annual questionnaire in which subjects were asked if they had
been diagnosed with cancer by a health care provider. They were
then asked to provide information on the type of cancer. Addi-
tional sources for identification of pancreatic cases included state
registries, death certificates, physician reports, and reports from
next of kin (for deceased subjects). These cases were then
confirmed by abstraction from medical records. The definition of
a pancreatic cancer case was limited to primary pancreatic
adenocarcinomas (International Classification of Diseases for
Oncology, Third Edition, code C250-C259) and excluded en-
docrine pancreatic tumors (histology type 8150, 8151, 8153,
8155, 8240, 8246, 8502, and 8520). This analysis included 162
men and 104 women (n = 266) with confirmed incident pan-
creatic cancer ascertained between January 1998 and December
2006.

Assessment of diet, vitamin supplement use, and other
baseline characteristics

Baseline characteristics, which included demographic factors,
medical history, and health-related behaviors, were collected
from all study subjects at the time of randomization, through
a self-administered baseline questionnaire. Dietary data were
collected with the use of a self-administered food-frequency

questionnaire (FFQ), the Diet History Questionnaire, version 1.0
(National Cancer Institute, 2007), which was distributed to the
intervention and control arms of the trial between 1998 and 2005
(15). The diet history questionnaire queried frequency and
portion size of 124 food items and supplement use during the past
year (16). We examined both pre- and postfortification folate
intake and pancreatic cancer. Folate intake was analyzed in
accordance with the following 5 sources: 1) natural folate
(polyglutamates found naturally in food), 2) fortified folic acid
(folic acid added to food), 3) food folate (a combination of
natural folate and fortified folic acid), 4) supplemental folic acid
(folic acid from vitamin supplements), and 5) total folate intake
(a combination of food folate and supplemental folic acid). Food
folate content was assigned based on pre–folic acid fortification
(1998) database information from the1994–1996 Continuing
Survey of Food Intake by Individuals (17). Post–folic acid grain
fortification database information from the Nutrition Data Sys-
tem for Research was used to assess folic acid from fortified
food. The Nutrition Data System for Research combines nutri-
tion information from the US Department of Agriculture Nu-
trient Database for Standard Reference, food manufacturers,
scientific literature, and other published food tables (18). Sup-
plemental folic acid use and dose were derived from recent use
(current or 2 y ago) of 4 multivitamins: One-a-Day (100% of the
Recommended Dietary Allowance; Bayer Corp, Pittsburgh, PA),
a therapeutic or high-dose type (.100% of the Recommended
Dietary Allowance; eg, Theragran; Bristol-Myers Squibb, New
York, NY), Stresstabs (B-complex + vitamin C; Inverness
Medical Inc, Waltham, MA), and B-complex. The B-complex
multivitamin was assigned a 200-lg folic acid dose, whereas the
other multivitamins were assigned a 400-lg folic acid dose.

Statistical analysis methods

Follow-up timewas calculated in person-years from the date of
dietary questionnaire completion to the date of diagnosis of
pancreatic cancer, death from any cause, or the end date of study
follow-up, whichever occurred first. For this analysis, follow-up
time was from January 1998 to December 2006 (median: 6.5 y),
which provides 667,734 person-years of observation.

To test for trend associations of continuous and categorical
baseline characteristics of the cohort across sex-specific total
folate quartiles, we used generalized linear models and the
Cochran-Armitage test. Spearman’s q was used to estimate
correlations between study variables (results not presented).
Because of a high correlation between dietary variables and total
energy intake, folate and other nutrients were energy adjusted
with the use of the nutrient density method [nutrient intake per
1000 calories (19)]. Multivariable Cox proportional hazards
regression with age as the underlying time metric was used to
calculate hazard ratios (HRs) and 95% CIs. Variables were an-
alyzed as both categorical and continuous. Folate was included
in models as both categorical and continuous. For categorical
analysis, folate was divided into quartiles based on the sex-
specific distribution in the cohort. A score variable based on the
median values of each category was calculated for trend tests.
For continuous analysis, the folate variable was divided by the
difference between the 90th and 10th percentile of the distri-
bution of the folate variable.
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Variables were considered confounders if they were associated
with both pancreatic cancer and folate (in any form) and changed
the unadjusted risk estimate by �10%. Variables examined as
potential confounders included age, race, education (,8 y, 8–11 y,
completed high school, post–high school training other than col-
lege, some college, college graduate, postgraduate, or data miss-
ing), sex, family history of pancreatic cancer (no, yes, or data
missing), self-reported history of diabetes (no, yes, or data miss-
ing), BMI (,18.5, 18.5–24.9, 25–29.9, �30, or data missing),
height, energy intake, energy-adjusted saturated fat, vitamins B-6
and B-12, fruit and vegetable intake, alcohol consumption,
physical activity, and smoking history (never, quit�15 y ago, quit
�2 y ago and,15 y ago, current or quit,2 y ago and smokes,20
cigarettes/d, current or quit,2y agoand smokes.20 cigarettes/d,
or data missing). Interactions by alcohol consumption, vitamins
B-6 and B-12, sex, BMI, and smoking habits (never, former, or
current) were tested with the use of cross-product terms in the
multivariable continuous models and were considered significant
with aP value�0.05. All statistical analyses were performedwith
the use of SAS software, version 9.1 (SAS Institute Inc, Cary,NC),
and all P values were based on 2-sided tests.

RESULTS

Baseline characteristics of this cohort categorized by energy-
adjusted total dietary folate intake before fortification are shown
in Table 1. Overall, men and women with higher concentrations
of folate were older, more educated, and more likely to report
recent multivitamin use; tended to consume more fruit, vege-
tables, and vitamins B-6 and B-12; had a lower BMI; were less
likely to be African American or to report being a current
smoker; and tended to consume less energy, saturated fat, and
alcohol than those with lower concentrations of folate. Men in
the highest compared with lowest total folate quartile were more
likely to report being diabetic, whereas women in the highest
compared with lowest quartile were less likely to report being
diabetic.

HRs and 95% CIs for pancreatic cancer for natural folate,
fortified folic acid, food folate, supplemental folic acid, total
folate, and multivitamin use are presented in Table 2. A sig-
nificant interaction was found between total folate intake and
sex (P = 0.03), so data are presented stratified by sex.

Women in the highest quartile of food folate intake showed
a statistically significant 53% decreased risk of pancreatic cancer
(HR = 0.47; 95% CI: 0.23, 0.94; P for trend: 0.09) compared with
those in the lowest quartile. Increasing quartiles of total folate
showed a significant trend of decreased pancreatic cancer risk in
women (P for trend: 0.04). In continuous analyses, food folate
and total folate had a nonsignificant decreased risk of pancreatic
cancer (HR = 0.56, 95% CI: 0.31, 1.00; and HR = 0.65, 95% CI:
0.37, 1.14 per quartile unit, respectively). No significant asso-
ciation was found between supplemental folic acid use and
pancreatic cancer risk (�400 compared with 0 lg/d; HR = 0.87;
95% CI: 0.55, 1.36; P for trend: 0.58).

Among men, no significant association was found between any
of the folate variables and pancreatic cancer risk. Men in the
highest quartile of food folate had an HR of 1.20 (95% CI: 0.70,
2.04; P for trend: 0.67) when compared with men in the lowest
quartile. Men in the highest quartile of total folate had an HR of
0.95 (95% CI: 0.59, 1.54; P for trend: 0.65) when compared

with men in the lowest quartile. In continuous analyses, no
significant association was observed between food folate or total
folate and risk of pancreatic cancer (HR = 1.27, 95% CI: 0.81,
2.00; and HR = 1.26, 95% CI: 0.78, 2.02 per quartile unit, re-
spectively). No significant association was found between sup-
plemental folic acid use and pancreatic cancer risk (�400
compared with 0 lg/d (HR = 1.15; 95% CI: 0.81, 1.64; P for
trend: 0.45). No significant interactions were observed by
smoking, alcohol, vitamin B-6, vitamin B-12, or BMI.

DISCUSSION

In this prospective study, we analyzed the risk of pancreatic
cancer in relation to folate intake, in consideration of the man-
datory folic acid fortification of grains in the United States that
began in 1998. A significant decreased risk of pancreatic cancer
was found among women with higher intakes of food folate when
compared with women with lower intakes of food folate. No
significant association was found among men. Total folate
showed a significant decrease in pancreatic cancer risk with
increasing intake across quartiles in women, and folic acid from
grains or supplements was not associated with pancreatic cancer
in either men or women.

The major strength of this study was its prospective design, in
which diet and other analyzed variables were obtained before
diagnosis of pancreatic cancer, which eliminated recall bias and
decreased reverse causation. In addition, unlike previous pro-
spective studies of folate and pancreatic cancer, this study
consisted of men and women from the same cohort, which de-
creased any methodologic bias that might occur when men and
women come from different cohorts. We were also able to ex-
amine the different components of total dietary folate, particu-
larly folic acid.

Previous studies that examined the relation between pancreatic
cancer and folate intake have shown mixed results. The Alpha-
Tocopherol Beta-Carotene Cancer Prevention (ATBC) Study
cohort of 27,101 male Finnish smokers (n = 157 cases) showed
a significant 50% reduction in pancreatic cancer for high com-
pared with low folate intake from foods (5). A combined anal-
ysis of women from the Nurses’ Health Study and men from the
Health Professionals Follow-Up Study, did not report an asso-
ciation with total folate intake in men or women, although
a nonsignificant 34% and 35% decrease in pancreatic cancer risk
was evident when the highest food folate category was com-
pared with the lowest category in men and women, respectively
(8). Women and men from the Swedish Mammography Cohort
and the Cohort of Swedish Men showed results similar to this
study, with a statistically significant 75% and 67% decreased
risk of pancreatic cancer (n = 135 cases) associated with in-
creased intake of dietary and total folate, respectively (6). The
Netherlands Cohort Study did not find any statistically signifi-
cant associations between folate and pancreatic cancer but
showed a statistically nonsignificant increased risk of pancreatic
cancer with natural folate (20). However, a limitation of this
study was that diabetes, a putative risk factor for pancreatic
cancer, was not examined as a potential confounder. When
compared with these previous prospective studies, the concen-
tration of total folate intake in our PLCO population is in
a slightly higher range, particularly among women participants
(ie, Quartile 1 , 238.9 lg/d and Quartile 4 . 534.3 lg/d).
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Previous studies that examined folate intake and pancreatic
cancer were conducted in populations before or without man-
datory folic acid grain fortification. Also, the different FFQs
used to assess diet and folate intake could provide different
estimates for folate intake across study populations.

With regard to folic acid from supplements, some past studies
have found positive associations between supplemental folic acid
use andpancreatic cancer risk. In theATBCStudy, anonsignificant
increasedriskofpancreaticcancerwithsupplemental folicaciduse
wasfound[relativerisk (RR)=1.60;95%CI:0.92,2.77).Likewise,
Skinner et al (8) showedanonsignificant increased risk (RR=1.47;
95% CI: 0.98, 2.21) among former users of multivitamins and
a significant increased risk (RR = 1.31; 95% CI: 1.02, 1.67) of

pancreatic cancer among current users of multivitamins in pooled
analyses. Larsson et al (6) compared individuals with �300 lg
supplemental folic acid/d with those with 0 lg supplemental folic
acid/d and did not find an association with pancreatic cancer risk
(rate ratio = 1.02; 95% CI: 0.56, 1.88). Similar to Larsson, we did
not find an association between folic acid supplements and pan-
creatic cancer risk.

In contrast to previous prospective studies (5, 6, 8), our study
was conducted in the United States after folic acid grain forti-
fication, with our FFQ administered in 1998 and follow-up
through 2006. Given the concern from past studies that folic acid
supplements might increase the risk of pancreatic cancer (5, 8),
our results from the examination of fortified folic acid are of

TABLE 1

Baseline characteristics of men and women from the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial by energy-adjusted total dietary folate

intake on the basis of values before folic acid fortification (1998–2005)1

Quartiles of energy-adjusted total folate

intake in women (n = 57,187)

Quartiles of energy-adjusted total

folate intake in men (n = 51,988)

1 2 3 4 P for trend 1 2 3 4 P for trend

n 14,296 14,297 14,297 14,297 — 12,997 12,997 12,997 12,997 —

Total folate intake (lg/d) �238.9 239.0–399.0 399.1–534.2 �534.3 — �186.9 187.0–280.6 280.7–413.5 �413.6 —

Age2 (y) 62.0 62.2 62.4 63.0 ,0.0001 62.0 62.7 62.5 63.2 ,0.0001

Race (%)

Black 4.5 4.6 2.8 2.9 ,0.0001 3.0 3.2 2.3 2.3 ,0.0001

White 92.1 90.0 93.4 90.4 0.25 93.6 90.1 91.4 89.0 ,0.0001

Asian 1.4 3.5 2.4 4.9 ,0.0001 1.1 4.0 4.0 6.4 ,0.0001

Other 1.9 2.0 1.4 1.8 0.10 2.3 2.7 2.3 2.3 0.52

Postsecondary education (%) 60.6 68.0 70.2 69.8 ,0.0001 67.8 75.5 77.9 80.7 ,0.0001

Folate intake3 (lg/d)
Natural folate4 132.4 160.9 159.5 186.0 ,0.0001 109.6 141.5 140.3 161.6 ,0.0001

Fortified folic acid5 61.7 75.2 73.5 87.2 ,0.0001 53.8 78.8 77.2 95.5 ,0.0001

Food folate6 181.6 223.8 220.8 262.3 ,0.0001 150.1 204.7 202.7 242.0 ,0.0001

Supplemental folic acid7 9.1 184.8 378.3 415.5 ,0.0001 4.7 64.4 314.5 403.9 ,0.0001

Total folate8 185.9 316.3 465.6 674.0 ,0.0001 151.8 227.5 346.6 541.9 ,0.0001

Multivitamin use, recent (%) 13.7 24.6 34.9 34.8 ,0.0001 8.3 14.4 29.7 32.9 ,0.0001

Height (cm) 163.4 163.4 163.5 162.8 ,0.0001 178.1 178.0 178.2 177.4 ,0.0001

Current BMI (kg/m2) 27.5 27.1 26.6 26.3 ,0.0001 28.0 27.6 27.4 27.0 ,0.0001

Self-reported diabetes (%) 6.3 6.3 4.9 6.0 0.0003 6.8 9.6 8.1 9.6 ,0.0001

Family history of

pancreatic cancer (%)

2.9 3.1 3.3 2.9 0.69 2.0 2.1 2.1 2.3 0.22

Smoking status (%)

Never 55.3 56.8 56.4 58.3 ,0.0001 33.1 39.5 37.9 39.4 ,0.0001

Former 32.6 34.2 36.6 35.2 ,0.0001 51.2 51.3 52.8 54.4 ,0.0001

Current 12.0 8.9 7.0 6.5 ,0.0001 15.7 9.2 9.3 6.2 ,0.0001

Daily intakes3

Energy (kcal) 1610.4 1760.0 1585.6 1090.4 ,0.0001 2178.9 2073.4 2166.8 1484.1 ,0.0001

Alcohol (g) 6.6 5.9 5.4 3.4 ,0.0001 21.0 14.4 13.2 7.7 ,0.0001

Fruit (servings) 1.0 1.3 1.3 1.5 ,0.0001 0.6 1.0 0.9 1.2 ,0.0001

Vegetables (servings) 1.1 1.3 1.3 1.5 ,0.0001 0.8 1.0 1.0 1.1 ,0.0001

Saturated fat (g) 12.2 11.0 10.8 9.5 ,0.0001 13.1 11.2 11.5 10.0 ,0.0001

Vitamin B-6 (mg) 1.0 1.2 1.2 1.3 ,0.0001 0.9 1.1 1.1 1.3 ,0.0001

Vitamin B-12 (lg) 2.4 2.5 2.5 2.7 ,0.0001 2.6 2.7 2.7 2.8 ,0.0001

1 All values are means. Generalized linear models and the Cochran-Armitage test were used to test for trend associations of continuous and categorical

baseline characteristics.
2 Age at randomization.
3 All folate variables, nutrients, and foods are energy adjusted except for supplemental folic acid and alcohol.
4 Polyglutamates found naturally in food.
5 Folic acid added to food.
6 Natural folate and fortified folic acid combined.
7 Folic acid from vitamin supplements.
8 Food folate and supplemental folic acid combined.
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particular interest. Our findings show no association between
folic acid added to foods and pancreatic cancer risk. Furthermore,
when folic acid from fortified foods was examined in combi-
nation with natural food folate (which created the variable food
folate), we found a significantly decreased risk of pancreatic
cancer in women in the highest quartile. These findings do not
support the theory that folic acid grain fortification increases the
risk of pancreatic cancer.

Two studies have examined serum folate levels in relation to
pancreatic cancer and presented results that support the findings
in our analysis. The first study was a nested, case-control study
that used subjects from the ATBC Study and found a statistically
significant decreased risk of pancreatic cancer with higher
concentrations of serum folate, which supports the relation found
between total folate intake and pancreatic cancer risk in our
analysis (5). The other study, a pooled, nested, case-control study
from 4 American cohorts (the Nurses’ Health Study, the Health
Professionals Follow-Up Study, the Physicians’ Health Study,
and the Women’s Health Initiative) found no association between
serum folate and pancreatic cancer except for a nonsignificant
decreased risk of pancreatic cancer with increased serum folate in
nonusers of multivitamins, which supports the relation we found
between food folate intake and pancreatic cancer risk (9).

The limitations of our study should be considered when our
results are interpreted. First, although we had a sizable cohort, the
number of pancreatic cancer cases was relatively small because
of the rarity of the disease, which limited our ability to do
stratified analysis among nonusers of multivitamins. We also
were not able to evaluate the measurement error of the FFQ
within this cohort. Although we evaluated and controlled for
putative risk factors for pancreatic cancer in our multivariable
models, residual confounding may be present. Finally, with
a median follow-up time of 6.5 y, it is not possible to know from
this study if the relation between folate and pancreatic cancer risk
would change over a longer period of time. However, a lag
analysis that excluded cases that occurred during the first 5 y of
the study did not yield a substantial difference in risk estimates
(ie, total folate in women: Quartile 1, referent; Quartile 2, HR =
0.98; Quartile 3, HR = 0.76; and Quartile 4, HR = 0.52; and in
men: Quartile 1, referent; Quartile 2, HR = 0.79; Quartile 3, HR =
0.83; and Quartile 4, HR = 1.02).

The results from the current study differ from previous studies
in that we found a significant relation between folate intake and
pancreatic cancer risk only in women. Other studies have found
men and women to have similar trends. The reason for the sex
difference in the results in our study is unclear, although women
reported a higher folate intake than men, and it is possible that
this contributes to the difference of risk by sex. In addition, men
in the highest compared with lowest total folate quartile were
more likely to report being diabetic, whereas women in the
highest compared with lowest quartile were less likely to report
being diabetic. It is possible that these men may have modified
their diets because of their diabetes and their reported folate
intake does not represent their long-term intake. This could
explain the lack of association in men. Although we controlled
for diabetes, residual confounding could be present.

In conclusion, our findings support a decreased risk of pan-
creatic cancer with greater food folate and total folate intakes in
women but not in men. Folic acid grain fortification did not
appear to adversely influence the risk of pancreatic cancer in our

study; however, additional studies conducted in the United States
during the post–folic acid grain fortification era are needed before
conclusions can be reached.
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