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Downloa
kground: Acrylamide is a probable human carcinogen formed during cooking of many common foods.
miologic studies on acrylamide and breast cancer risk have been null; however, positive associations
varian and endometrial cancers have been reported. We studied acrylamide intake and risk for breast,
etrial, and ovarian cancers in a prospective cohort study.

thods: We assessed acrylamide intake among 88,672 women in the Nurses' Health Study using food
ncy questionnaires administered every 4 years. Between 1980 and 2006, we identified 6,301 cases of
ve breast cancer, 484 cases of invasive endometrial adenocarcinoma, and 416 cases of epithelial
n cancer. We used Cox proportional hazards models to study the association between acrylamide
ncer risk.
ults: We found no association between acrylamide intake and breast cancer overall or according to
en and progesterone receptor status. We found an increased risk for endometrial cancer among high
mide consumers (adjusted relative risk for highest versus lowest quintile = 1.41; 95% CI, 1.01-1.97; P for
= 0.03). We observed a nonsignificant suggestion of increased risk for ovarian cancer overall (relative
.25; 95% CI, 0.88-1.77; P trend = 0.12), with a significantly increased risk for serous tumors (relative risk,
5% CI, 0.99-2.52; P trend = 0.04). Associations did not differ by smoking status.
clusions: We observed no association between acrylamide and breast cancer. Risk for endometrial can-
d possibly ovarian cancer was greater among high acrylamide consumers.
act: This is the second prospective study to report positive associations with endometrial and ovar-
Imp

ian cancers. These associations should be further evaluated to inform public health policy. Cancer Epidemiol

Biomarkers Prev; 19(10); 2503–15. ©2010 AACR.
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002, Swedish researchers announced the finding of
mide in commonly consumed baked and fried
(1). Before 2002, exposure to acrylamide, which is
fied as a probable human carcinogen (2), was
ht to come mainly from occupational settings and
o use. In foods, acrylamide is formed during high-
ooking as part of the Maillard or browning reac-
Major sources of acrylamide in the U.S. diet are
h fries, potato chips, cold breakfast cereal, coffee,
goods, and snack foods (3). In recent years, the
has made efforts to reduce the formation
during food processing.
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nimal tests, acrylamide causes several types of can-
n hormone-sensitive tissues, including mammary
rs in female rats, when administered in drinking
at levels 1,000 to 10,000 times higher than typical
n dietary exposure (4, 5). Estimates of the increase
man cancer risk from dietary levels of acrylamide
ted by animal models are low, with relative risks
06 to 1.05 for the highest versus lowest consumers
However, the types of tumors seen in animal stud-
ve raised interest in whether dietary acrylamide
ncrease the risk for breast or reproductive tumors
men.
association between dietary intake of acrylamide
isk for breast (9-14), endometrial (13, 15), and
n (9, 10, 13, 16) cancers has been studied in case-
l and prospective cohort studies. Results for breast
r have been null, although one study found a non-
ically significant suggestion of increased risk for
en- and progesterone-receptor positive cancers in
enopausal women (14). For endometrial cancer,
rvorst et al. (13) found a suggestion of increased risk
ll and a significantly increased risk among never-
ing women in the Netherlands Cohort Study. No as-

ion was found for endometrial cancer in a cohort of
ish women (15). For ovarian cancer, Pelucchi et al. (9)
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no association in a hospital-based, case-control
in Italy and Switzerland, and Larsson et al. (16)
no association in a prospective study on Swedish
n. However, a positive association was seen in the
rlands Cohort Study (13). The positive associations
varian and endometrial cancer risk in the Nether-
Cohort Study were somewhat surprising, given
evious null results for other cancers, the extremely
lative risks predicted from animal studies, and the
ntly imprecise estimates of acrylamide intake based
culations from consumption of foods.
used the Nurses' Health Study (NHS) cohort to
the association between dietary acrylamide intake
isk for breast, endometrial, and ovarian cancer in a
population of premenopausal and postmenopausal
omen with periodically updated information on
mide intake across >20 years of follow-up. Because
ing is a major source of acrylamide exposure, we
tudied the association among never-smoking
n to isolate the effect of dietary acrylamide exposure.

rials and Methods

population
NHS is a prospective cohort of 121,700 female

s aged 30 to 55 years in 1976 when a mailed baseline
onnaire was completed. The cohort is followedwith
ministered mailed questionnaires every 2 years. In
participants were asked to complete a 61-item food-
ency questionnaire. The food-frequency question-
was expanded to 116 items in 1984, and similar
frequency questionnaires have been administered
2 to 4 years since then.
this analysis, we included women who completed
980 food-frequency questionnaire. Women who
ted daily energy intakes <500 kcal/d or >3,500
were excluded as were women who left ≥10 food

blank. Women with a previous diagnosis of cancer
t for nonmelanoma skin cancer) were excluded.
e endometrial cancer analysis, women with a hys-
omy at baseline were excluded. For the ovarian can-
alysis, women with a bilateral oophorectomy or
c irradiation at baseline were excluded. Thus,
women were included in the breast cancer analy-
,019 women in the endometrial cancer analysis,
0,011 women in the ovarian cancer analysis. Follow-
rough June 2006 among women with a 1980 food-
ency questionnaire was 95.0%. This research was
ved by the Institutional Review Board of Brigham
omen's Hospital.

amide intake assessment
d-frequency questionnaires were used to assess
dietary intake over the previous year in 1980,
1986, 1990, 1994, 1998, and 2002. For each food
a portion size was given, and respondents were

to choose from nine possible frequencies of con-
tion, from never to six or more servings per day.

and o
activi

r Epidemiol Biomarkers Prev; 19(10) October 2010
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acrylamide intake was calculated by multiplying
rylamide content of each food item by its frequency
sumption and then summing across all acrylamide-
ining foods.
best represent long-term diet, we used cumulative
ge acrylamide intake as our main exposure mea-
That is, 1980 intake was used for follow-up from
to 1984; the average of 1980 and 1984 intake was
for follow-up from 1984 to 1986; the average of
1984, and 1986 was used for follow-up from 1986
0; and so on. This exposure measure also reduces
m within-person measurement error over time. In
dary analyses, we used baseline (1980) acrylamide
only. In addition, we did a latency analysis for
cancer because of the large number of cases. We

our repeated measures of acrylamide intake to ana-
he effect of latency time (time from exposure to can-
y relating each measure of acrylamide intake to
cancer incidence during specific periods of latency
0 to 4, 4 to 8, 8 to 12, and 12 to 16 years.
previously described the creation of the acrylamide
composition database and its validity (17). Briefly,
on acrylamide content of foods were taken from
shed U.S. Food and Drug Administration data
with additional analyses of U.S. food samples done
by the Swedish National Food Administration. Ac-
ide values were assigned to >40 food items, includ-
glish muffins/rolls/bagels, breakfast cereal, coffee,
feinated coffee, cookies, crackers, dark bread,
h fries, muffins, nuts, beans, brownies, cake, candy
chocolate and/or nuts), chocolate, chowder, do-
fried breaded fish, grains (couscous, bulgur etc.),
eam, pancakes, pie, processed meats, sweet rolls,
as, white bread, wheat germ, frozen yogurt, peanut
, pizza, popcorn, potato chips, potatoes (baked/
ed/roasted), pretzels, prunes, and sweet potatoes/
. For breakfast cereal, participants were asked to re-
which brand of cereal they used the most. This
was used to calculate acrylamide intake. Common-
sumed cereal brands were analyzed for this study,
or brands without analyzed values, we imputed a
based on cereals with similar grain composition
rocessing (e.g., puffs, flakes).
compared food-frequency questionnaire–assessed
mide intake with a biomarker of acrylamide intake,
globin adducts of acrylamide and its genotoxic
olite glycidamide, in a sample of 296 nonsmoking
n in the NHS II cohort. The correlation was 0.34
0.0001), adjusted for age, energy intake, body
index (BMI), and alcohol intake, and corrected
ndom within-person variation in the adduct
rement (17).

sment of covariates
rmation on smoking, weight, parity, contraceptive
enopausal status and hormone use, hysterectomy

ophorectomy, family history of cancer, physical
ty, use of medications, and medical conditions,
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ing cancer, hypertension, and diabetes were col-
in biennial questionnaires. Information on height
ge at menarche were collected in the 1976 ques-
ire. Intakes of total energy and possible nutrient
unders, including folate, animal fat, glycemic
, alcohol, and caffeine were calculated from the
frequency questionnaires using cumulative
ges as described above.
rmation on family history of ovarian cancer was
llected until 1992 and information on duration of
ion was not collected until 1986, so we were not
o adjust for these potential confounders in the
or ovarian cancer analyses. However, family histo-
varian cancer reported in 1992, 1996, and 2000 was
sociated with acrylamide intake in 1990 (Table 1) or
0 (data not shown), and the percentage of women
ad ever lactated was not associated with acrylam-
take in 1990 (Table 1) or 1980 (data not shown).
ver, women with higher acrylamide intake had
ly lower total durations of lactation; among those
ver lactated, those in the lowest quintile of intake
ed 11 months and those in the highest quintile re-
9 months total. We conducted an analysis of ovar-
d breast cancer using 1986 as baseline and found
ment for history of lactation (ever versus never lac-
or duration of lactation) had no effect on the rela-
sks (data not shown).

tainment of cancer cases
nial follow-up questionnaires were used to identi-

wly diagnosed cases of breast, endometrial, and
n cancer. When participants reported a cancer di-
is, we asked for confirmation of the diagnosis and
ssion to obtain relevant medical records.
breast cancer, pathology reports confirmed 98%
f-reported breast cancers, thus all self-reported
rs were included in the analysis. Information on
en and progesterone receptor status was obtained
pathology reports and was available for 72% of
A recent validation study in this cohort found
athology reports provide accurate information
trogen receptor status (18). Cases of carcinoma
were not included.
endometrial cancer, we included cases of invasive
carcinoma confirmed by medical records. For ovar-
ncer, we included cases of invasive and borderline
lial cancers confirmed by medical records. Informa-
n histologic type and subtype was taken from pa-
y reports. A validation study comparing pathology
s to a standardized review of slides in 215 ovarian
r cases from the cohort found a concordance of 83%
stologic subtype and 98% for invasiveness. Only
of endometrial and ovarian cancers confirmed by
al records were included in the analysis to ensure
ases met our histologic criteria.
ths were documented by responses to question-

s by family members, by the postal service, or
gh the National Death Index.

<22, 2
29 to
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tical analysis
the breast cancer analysis, each participant contrib-
person-time from the return of the 1980 question-
until the first occurrence of: cancer diagnosis
t or other nonmelanoma cancer), death, or June 1,
For endometrial cancer, women were followed until
rst occurrence of: cancer diagnosis (endometrial or
nonmelanoma cancer), death, hysterectomy, or June
6. For ovarian cancer, women were followed until
st occurrence of: cancer diagnosis (ovarian or other
elanoma cancer), death, bilateral oophorectomy,
irradiation, or June 1, 2006. For each analysis, par-

nts were divided into quintiles based on their acryl-
intake. Acrylamide intake was adjusted for total

y intake using the residual method, and quintiles
created using these energy-adjusted intakes (19).
ve risks of breast cancer were calculated as the in-
ce rate for a given quintile of consumption divided
rate in the lowest quintile.

used Cox proportional hazards models to adjust for
risk factors. To control as finely as possible for con-
ing by age, calendar time, and any possible two-way
ctions between these two time scales, we stratified
alysis jointly by age in months at the start of each
-up period and calendar year of the current ques-
ire cycle. For multivariable models, we considered
ent possible confounders for each cancer based on
le risk factors previously identified for that cancer.
reast cancer, we adjusted for smoking (never; past,
garettes per day; past≥25 cigarettes per day; current
igarettes per day; current ≥25 cigarettes per day),
<18.5, 18.5 to <20, 20 to <22.5, 22.5 to <25, 25 to
30 kg/m2), height (quartiles), joint menopausal sta-
ge at menopause/postmenopausal hormone (PMH)
remenopausal; uncertain status; postmenopausal
age at menopause <45, 45-52, or >52 y, and PMH
ver, former, current <5 years, or current ≥5 y), joint
and age at first birth (nulliparous, parity 1-2 and age
t birth <25 y, parity 1-2 and age at first birth 25 to <30
ity 1-2 and age at first birth≥30 y, parity 3-4 and age
t birth <25 y, parity 3-4 and age at first birth 25 to <30
ity 3-4 and age at first birth≥30 y, parity ≥5 and age
t birth <25 y, parity ≥5 and age at first birth ≥25 y),
history of breast cancer (yes/no), benign breast dis-

yes/no), age at menarche (<13, 13, ≥14 y), physical
ty (≤18 metabolic equivalent, MET,-hours/wk, >18
h/wk), folate (quintiles), glycemic index (quintiles),
l fat intake (quintiles), alcohol (continuous; grams
ay), and energy intake (continuous; kilocalories per
We also considered intake of caffeine, vegetable fat,
ted fat, trans fat, carbohydrates, and glycemic load
sible confounders; however, these were not includ-
the final models because they had negligible effects
relative risk estimates or SEs for acrylamide.
endometrial cancer, we adjusted for smoking (see
ries for breast cancer), BMI (<20, 20 to <21, 21 to

2 to <23, 23 to <24, 24 to <25, 25 to <27, 27 to <29,
<30, 30 to <32, 32 to <35, 35 to <40, ≥40 kg/m2), age
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Age in 58 58 57 56 55
Acryla 9 13 16 19 26
Acryla 0.13 0.20 0.24 0.30 0.42
BMI 26 26 26 26 26
Height 64 65 65 65 64
Curren 13% 13% 15% 19% 26%
Physic 17 16 16 15 13
Diabet 3.6% 3.0% 2.8% 2.8% 2.4%
Hypert 19% 19% 18% 16% 16%
Age at 50% 48% 50% 49% 48%
Nullipa 7% 7% 6% 6% 6%
Ever la 55% 58% 58% 56% 51%
Preme 21% 23% 23% 23% 23%
Age at 47 47 47 47 47
Curren 32% 34% 35% 34% 30%
Tubal 16% 17% 17% 18% 18%
Hyster 31% 31% 31% 31% 32%
Double 16% 16% 15% 16% 16%
Family
Family
History 39% 41% 41% 41% 39%
Nutrien

Ene 1,711 1,776 1,777 1,753 1,67
Alco 5.7 5.6 5.4 5.1 4.6
Tota 56 56 57 58 60
Anim 34 32 32 32 33
Tran 2.4 2.6 2.7 2.9 3.3
Car 195 197 197 196 192
Glyc
Fola
Caff 155 214 261 321 421

Intake
Cof 1.0 1.8 2.2 2.8 3.4
Brea 0.3 0.3 0.4 0.4 0.4
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arche (<13, 13,≥14 y), joint menopausal status/age
opause/PMH use (see categories for breast cancer),
(nulliparous, 1-2, 3-4, ≥5), oral contraceptive use
r, 0-3, >3 to <5, ≥5 y of use), high blood pressure
no), diabetes (yes/no), physical activity (≤18 or

risk, w
or ova

r Epidemiol Biomarkers Prev; 19(10) October 2010
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ET-h/wk), caffeine intake (quintiles), and energy
(continuous; kilocalories per day). Because of the
association between BMI and endometrial cancer
tudy population in 1990
e ad
rian

Can
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Quin

w)
alorie-
 d acryl
 ntake
gh)
1990

mide intake (μg/d)

mide by body weight (μg/kg/d)
(in)

t smokers (%)

al activity (met-h/wk)

es (%)

ension (%)

menarche < 13 (%)

rous (%)

ctated (%)

nopausal (%)

menopause (among postmenopausal)

t PMH use (% among postmenopausal)

ligation (%)

ectomy (simple) (%)

oophorectomy (%)

history of breast cancer (%)
 9% 10% 10% 11% 10%
history ovarian cancer (%, 1992) 2.3% 2.8% 2.5% 2.7% 2.6%

of benign breast disease (%)

t Intakes (per day)*

rgy intake (kcal)
 4

hol (g)

l fat (g)

al fat (g)

s fat (g)

bohydrates (g)

emic index
 52 52 53 53 53
te (μg) 447 431 422 410 389

eine (mg)

s of high acrylamide foods (servings per day)

fee

kfast cereal

ch fries
 1

to chips
ota 0.04 0.1 0.1 0.1 0.2

otatoes (baked, roasted, mashed) 0.3 0.3 0.3 0.3 0.3
aked goods† 0.5 0.7 0.8 0.8 0.8

E: Data (except for age) were directly standardized to the age distribution of the entire cohort. Means or percentages are shown
ndicated. Characteristics of the population for breast cancer analysis is shown. Women were censored at the time of double
horectomy for the ovarian cancer analysis, and women were censored at the time of hysterectomy for the endometrial cancer
lysis.
nutrients except alcohol are adjusted for total energy intake using the residual method.
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height, aspirin use, and intake of total fat, animal
rbohydrates, glycemic load, calcium, alcohol, and
eat as possible confounders; however, these were
cluded in the final models as they had negligible ef-
n the relative risk estimates or SEs for acrylamide.
ovarian cancer, we adjusted for smoking (see cat-
s for breast cancer), BMI (see categories for breast
r), parity (see categories for endometrial cancer),
ontraceptive use (see categories for endometrial
r), menopausal status and PMH use (premenopaus-
certain status, postmenopausal and never used
, postmenopausal and former PMH, postmeno-
l and current PMH use), tubal ligation (yes/no),
cal activity (≤18 or >18 MET-h/wk), caffeine intake
tiles), and energy intake (continuous; kilocalories
ay). We also considered height, age at menarche,
ectomy status, age at menopause, age at first birth,
ntake of alcohol, folate, vitamin A, vitamin C,
tene, lycopene, saturated fat, trans fat, and milk
sible confounders; however, these were not includ-
the final models because they had negligible effects
relative risk estimates or SEs for acrylamide.
SAS Proc PHREGwas used for all analyses, and the
rson-Gill data structure was used to handle time-
g covariates efficiently. All covariates except height
ge at menarche were updated in each questionnaire
hennewdatawas available. To test for a linear trend
quintiles of intake, wemodeled acrylamide as a con-
s variable using the median intake for each quintile.
ause smoking is an important source of acrylamide,
ratified our analyses by smoking status to isolate

fect of dietary acrylamide among never-smoking cance

Figure 1. Food contributors to acrylam

acrjournals.org
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(<10 or ≥10 g/d), and BMI (<25 or ≥25 kg/m2).
ratified by menopausal status because risk factors
emenopausal and postmenopausal cancers may dif-
e stratified by alcohol intake and BMI because these
s may affect the activity of CYP2E1, the enzyme
etabolizes acrylamide to glycidamide; we previ-
found that alcohol intake and BMI were both

icantly correlated with hemoglobin adducts of ac-
ide independent of dietary acrylamide intake (17).
eated interaction terms between the stratification
les and quintile of acrylamide intake and tested
nificance of interactions using likelihood ratio tests
pare the models without an interaction term to

with an interaction term.
xamine whether the observed associations could be
uted to acrylamide in general or to some other com-
t of some high-acrylamide food items, we modeled
les of acrylamide intake simultaneously with quin-
f intake of each major acrylamide-contributing food
the effect on associations of acrylamide intake and
tests of statistical significance are two sided.

lts

m 1980 through June 2006, we documented 6,301
of invasive breast cancer, 484 cases of invasive en-
trial adenocarcinoma, and 416 cases of epithelial
n cancer. The mean age of cases was 61 years for
t cancer (range 35-84 y), 61 years for endometrial

r (range 39-81 y), and 59 years for ovarian cancer
n. We also stratified by menopausal status, alcohol (range 39-81 y).
ide intake, 1998.
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racteristics of the study population by quintile of
e-adjusted acrylamide intake in 1990 are shown in
1. Estimated acrylamide intake ranged from a mean
/day in the lowest quintile to 26 μg/day in the high-
intile. Adjusting for age, womenwith higher dietary
mide intakes were more likely to smoke, less phys-
active, less likely to have diabetes or hypertension,
ss likely to use postmenopausal hormones. High ac-
ide intakes were associated with somewhat lower
s of alcohol, animal fat, and folate, and somewhat
r intakes of trans fat, carbohydrates, and caffeine. In-
f high-acrylamide foods, including coffee, breakfast
, French fries, potato chips, and baked goods in-
d across quintiles of acrylamide consumption.
contribution of different foods to acrylamide in-

n the cohort is shown in Fig. 1. The major sources
ylamide were coffee (20%), breakfast cereal (15%),
h fries (12%), potato chips (7%), pretzels (6%), po-
(baked/roasted/mashed; 6%), and other baked

s and snack foods. The major contributors to
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en-person variation in acrylamide intake in this
ation (data not shown).

association between acrylamide intake and cancer
shown overall and among never smokers in Table 2.

for co
relativ

r Epidemiol Biomarkers Prev; 19(10) October 2010

Research. 
on November 27, 202cebp.aacrjournals.org Downloaded from 
sociation was seen between acrylamide intake and
t cancer risk in either the age-adjusted or fully
ted models. The adjusted relative risk for breast
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liparous, 1-2, 3-4, ≥5), oral contraceptive use (never, 0-3, >3 to <5, ≥5 y of use), high blood pressure (yes/no), diabetes
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Table 3. Relative risk (and 95% confidence interval) of breast, endometrial, and ovarian cancers by qu ile of calorie-adjusted acrylamide
intake according to menopausal status and BMI, 1980 to 2006

Quintile of calorie-adjusted acrylamide intake P for trend P for
interactionQ1 (low) Q2 Q3 Q4 Q5 (hi

By menopausal status
Breast cancer

Postmenopausal (n) 1,051 1,079 1,115 1,012 822
MV RR* 1.00 0.92 (0.84-1.00) 0.97 (0.89-1.06) 0.93 (0.85-1.01) 0.93 (0.84 02) 0.22
Premenopausal (n) 165 141 148 201 227 0.27
MV RR* 1.00 0.96 (0.76-1.21) 0.96 (0.76-1.21) 1.17 (0.94-1.46) 1.07 (0.87 33) 0.23

Endometrial cancer
Postmenopausal (n) 74 87 96 88 65
MV RR† 1.00 1.11 (0.80-1.53) 1.36 (0.98-1.88) 1.38 (0.98-1.94) 1.29 (0.89 89) 0.11
Premenopausal (n) 12 12 9 11 21 0.15
MV RR† 1.00 1.09 (0.46-2.62) 1.00 (0.39-2.58) 0.85 (0.32-2.26) 2.27 (0.96 40) 0.05

Ovarian cancer
Postmenopausal (n) 68 56 71 61 52
MV RR‡ 1.00 0.90 (0.62-1.30) 1.30 (0.91-1.87) 1.19 (0.81-1.76) 1.16 (0.76 78) 0.28
Premenopausal (n) 14 16 16 19 25 0.30
MV RR‡ 1.00 1.10 (0.51-2.41) 1.48 (0.69-3.17) 1.32 (0.61-2.86) 1.63 (0.76 46) 0.19

By BMI
Breast cancer

BMI < 25 kg/m2 (n) 636 629 614 593 541
MV RR* 1.00 0.96 (0.85-1.07) 0.96 (0.85-1.07) 0.95 (0.84-1.06) 0.92 (0.81 03) 0.17
BMI ≥ 25 kg/m2 (n) 646 651 717 694 580 0.60
MV RR* 1.00 0.92 (0.82-1.02) 1.01 (0.90-1.13) 1.01 (0.90-1.13) 0.97 (0.86 09) 0.87

Endometrial cancer
BMI < 25 kg/m2 (n) 20 32 38 40 31
MV RR† 1.00 1.70 (0.94-3.09) 2.08 (1.15-3.77) 2.41 (1.32-4.38) 2.51 (1.32 77) 0.004
BMI ≥ 25 kg/m2 (n) 68 67 68 62 57 0.20
MV RR† 1.00 0.92 (0.64-1.32) 1.07 (0.74-1.54) 0.99 (0.67-1.46) 1.08 (0.72 64) 0.62

(Continued on the following page)
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Table 3. Relative risk (and 95% confidence interval) of breast, endometrial, and ovarian cancers by quintile of calorie-adjusted acrylamide
intake according to menopausal status and BMI, 1980 to 2006 (Cont'd)

Quintile of calorie-adjusted acrylamide intake P for trend P for
interactionQ1 (low) Q2 Q3 Q4 Q5 (high)

Ovarian cancer
BMI < 25 kg/m2 (n) 44 47 48 38 52
MV RR‡ 1.00 1.27 (0.82-1.97) 1.56 (1.00-2.43) 1.47 (0.92-2.36) 1.84 (1.14-2.97) 0.01
BMI ≥ 25 kg/m2 (n) 44 29 42 43 29 0.45
MV RR‡ 1.00 0.66 (0.40-1.08) 1.01 (0.64-1.61) 0.95 (0.58-1.54) 0.84 (0.49-1.44) 0.86

*Breast cancer multivariable models adjusted for age in months, calendar year, smoking (never, past <25 cigarettes per day, past ≥25 cigarettes per day, current <25
cigarettes per day, current ≥25 cigarettes per day), BMI (<18.5, 18.5 to <20, 20 to <22.5, 22.5 to <25, 25 to <30, ≥30 kg/m2), height (quartiles), parity and age at first birth
(nulliparous, parity 1-2 and age at first birth <25 y, parity 1-2 and age at first birth 25 to <30 y, parity 1-2 and age at first birth ≥30 y, parity 3-4 and age at first birth <25
y, parity 3-4 and age at first birth 25 to <30 y, parity 3-4 and age at first birth ≥30 y, parity ≥5 and age at first birth <25 y, parity ≥5 and age at first birth ≥25 y), family
history of breast cancer (yes/no), benign breast disease (yes/no), age at menarche (<13, 13, ≥14 y), physical activity (≤18 or >18 MET-h/wk), folate, glycemic index, and
animal fat intake (quintiles), alcohol (continuous; grams per day), and energy intake (continuous; kilocalories per day). Postmenopausal model adjusted for joint age at
menopause and PMH use variable (age at menopause <45, 45-52, or >52 y, and PMH use never, former, current <5 y, or current ≥5 y). BMI models adjusted for joint
menopausal status, age at menopause, and PMH use variable (premenopausal; uncertain status; postmenopausal and age at menopause <45, 45-52, or >52 y; and PMH
use never, former, current <5 y, or current ≥5 y).
†Endometrial cancer multivariable models adjusted for age in months, calendar year, smoking (see categories for breast cancer), BMI (<20, 20 to <21, 21 to <22, 22 to <23,
23 to <24, 24 to <25, 25 to <27, 27 to <29, 29 to <30, 30 to <32, 32 to <35, 35 to <40, ≥40 kg/m2), age at menarche (<13, 13, ≥14 y), parity (nulliparous, 1-2, 3-4, ≥5), oral
contraceptive use (never, 0-3, >3 to <5, ≥5 y of use), high blood pressure (yes/no), diabetes (yes/no), physical activity (≤18 or >18 MET-h/wk), caffeine intake (quintiles), and
energy intake (continuous; kilocalories per day). Postmenopausal model adjusted for joint age at menopause and PMH use variable (see categories for breast cancer). BMI
models adjusted for joint menopausal status, age at menopause, and PMH use variable (see categories for breast cancer).
‡Ovarian cancer multivariable models adjusted for age in months, calendar year, smoking (see categories for breast cancer), BMI (see categories for breast cancer), parity
(see categories for endometrial cancer), oral contraceptive use (see categories for endometrial cancer), tubal ligation (yes/no), physical activity (≤18 or >18 MET-h/wk),
caffeine intake (quintiles), and energy intake (continuous; kilocalories per day). Postmenopausal model adjusted for PMH use (never, former, or current). BMI models adjusted
for joint menopausal status and PMH use variable (premenopausal, uncertain status, postmenopausal and never PMH use, postmenopausal and former PMH use, and
postmenopausal and current PMH use).
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reviation: cum. avg., cumulative average.
ast cancer models adjusted for age in months, calendar year, smoking (never, past <25 cigarettes per day, past ≥25 cigarettes
day, current <25 cigarettes per day, current ≥25 cigarettes per day), BMI (<18.5, 18.5 to <20, 20 to <22.5, 22.5 to <25, 25 to
, ≥30 kg/m2), height (quartiles), parity and age at first birth (nulliparous, parity 1-2 and age at first birth <25 y, parity 1-2 and age
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ory of breast cancer (yes/no), benign breast disease (yes/no), age at menarche (<13, 13, ≥14 y), physical activity (≤18 or
MET-h/wk), folate, glycemic index, and animal fat intake (quintiles), alcohol (continuous; grams per day), and energy intake
tinuous; kilocalories per day). Postmenopausal model adjusted for joint age at menopause and PMH use variable (age at men-
use <45, 45-52, or >52 y AND PMH use never, former, current <5 y, or current ≥5 y).
arian cancer models adjusted for age in months, calendar year, smoking (see categories for breast cancer), BMI (see categories
reast cancer), parity (nulliparous, 1-2, 3-4, ≥5), oral contraceptive use (never, 0-3, >3 to <5, ≥5 y of use), menopausal status and
use (premenopausal, uncertain status, postmenopausal and never used PMH, postmenopausal and former PMH, postmen-

usal and current PMH use), tubal ligation (yes/no), physical activity (≤18 or >18 MET-h/wk), caffeine intake (quintiles), and en-
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ed for potato chip intake (relative risk, 1.01; 95% CI,
.49; P trend = 0.82). Potato chip intake was signifi-
associated with ovarian cancer risk in a model

ut acrylamide intake (relative risk for highest versus
t quintile of potato chip intake, 1.54; 95% CI, 1.14-
trend = 0.001); however, the potato chip association
o longer significant when also adjusted for
mide (relative risk for highest versus lowest quintile
ato chip intake, 1.27; 95% CI, 0.89-1.80; P trend =
This may be because simultaneously adjusting for
mide and potato chips substantially reduces the
ion in both. None of the other major acrylamide-
buting foods were significantly independently asso-
with risk for either endometrial or ovarian cancer.

ssion

opausal and never used PMH, postmenopausal and former PMH
physical activity (≤18 or >18 MET-h/wk), caffeine intake (quintile
ur large, prospective cohort study among women,
und no association between acrylamide intake and

acryla
cohor
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or breast cancer. However, we observed an in-
d risk for endometrial cancer overall and among
-smoking women and a suggestion of increased risk
arian cancer overall, with a significantly increased
r invasive and serous ovarian tumors.
lack of association between acrylamide intake and
cancer risk is in line with findings from previous
ective studies based on food-frequency question-
, including two cohorts of Swedish women (10,
e Netherlands Cohort Study (13), and the NHS II
A separate report from the Netherlands Cohort
(14) did find a suggestion of increased risk for es-
and progesterone receptor-positive in postmeno-

l women; however, neither the relative risks for
p quintiles nor the P values for linear trend were
ically significant. These results seem to be in con-
ith a nested case-control study on hemoglobin-

menopausal and current PMH use), tubal ligation (yes/
energy intake (continuous; kilocalories per day).
5. Relative risk (and
 5% confidence interval) of endometrial and ovarian cancers by quin
intake additionally adjusting for high-acrylamide foods, 1980 to 2006
mide adducts and breast cancer risk in a
t (20). This study reported a positive asso
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le of
Quintile of calorie-adjusted acrylamide intake P for trend

Q1 (low) Q2 Q3 Q4 Q5 (high)
etrial cancer

of cases 8
 100
 106
 102
 88

on-years 277,
 6 2
 7,073 2
 6,839 2
 7,409 2
 7,789

RR* 1.0
 1.12
 .83-1.50) 1.31
 .97-1.77) 1.35
 .99-1.84) 1.41
 .01-1.97) 0
 3

RR + coffee† 1.0
 1.08
 .80-1.46) 1.26
 .93-1.72) 1.31
 (0.95.80) 1.37
 .97-1.94) 0
 5

RR + cereal† 1.0
 1.09
 .81-1.47) 1.27
 .94-1.72) 1.31
 .95-1.79) 1.37
 .98-1.93) 0
 5
0 (0 (0 (0 (0 .0
RR + French fries† 1.00 1.16 (0.85-1.58) 1.41 (1.02-1.95) 1.51 (1.06-2.16) 1.69 (1.11-2.57) 0.01

RR + potato chips† 1.0
 1.11
 .82-1.49) 1.29
 .94-1.75) 1.32
 .95-1.83) 1.37
 .95-1.97) 0
 6

n cancer

of cases 8
 75
 95
 81
 78

on-years 246,
 7 2
 5,523 2
 5,327 2
 5,667 2
 6,155

RR‡ 1.0
 0.93
 .68-1.29) 1.29
 .94-1.76) 1.17
 .84-1.64) 1.25
 .88-1.77) 0
 2

RR + coffee† 1.0
 0.93
 .67-1.29) 1.29
 .94-1.78) 1.18
 .83-1.65) 1.24
 .87-1.78) 0
 5

RR + cereal† 1.0
 0.92
 .67-1.27) 1.26
 .92-1.73) 1.15
 .82-1.62) 1.23
 .86-1.76) 0
 5
V 0 (0 (0 (0 (0 .1

V RR + French fries† 1.00 0.90 (0.64-1.25) 1.24 (0.88-1.74) 1.15 (0.78-1.68) 1.29 (0.83-1.99) 0.14
V RR + potato chips† 1.00 0.90 (0.65-1.24) 1.18 (0.85-1.63) 1.02 (0.72-1.46) 1.01 (0.69-1.49) 0.82

ometrial cancer multivariable models adjusted for age in months, calendar year, smoking (never, past <25 cigarettes per day,
t ≥25 cigarettes per day, current <25 cigarettes per day, current ≥25 cigarettes per day), BMI (<20, 20 to <21, 21 to <22, 22 to
, 23 to <24, 24 to <25, 25 to <27, 27 to <29, 29 to <30, 30 to <32, 32 to <35, 35 to <40, ≥40 kg/m2), age at menarche (<13, 13,
y), menopausal status/age at menopause/PMH use (premenopausal; uncertain status; postmenopausal and age at menopause
, 45-52, or >52 y; and PMH use never, former, current <5 y, or current ≥5 y), parity (nulliparous, 1-2, 3-4, ≥5), oral contraceptive
(never, 0-3, >3 to <5, ≥5 y of use), high blood pressure (yes/no), diabetes (yes/no), physical activity (≤18 or >18 MET-h/wk),
eine intake (quintiles), and energy intake (continuous; kilocalories per day).
justed as in multivariable model and additionally adjusted for intake of given food in quintiles (for acrylamide quintile analysis) or
continuous variable using the median intake for each quintile (for acrylamide P for trend analysis).

arian cancer multivariable models adjusted for age in months, calendar year, smoking (see categories for endometrial cancer),
(<18.5, 18.5 to <20, 20 to <22.5, 22.5 to <25, 25 to <30, ≥30 kg/m2), parity (see categories for endometrial cancer), oral con-
eptive use (see categories for endometrial cancer), menopausal status and PMH use (premenopausal, uncertain status, post-
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en biomarker levels and ER+ tumors. However, the
ing of these results with respect to dietary acrylam-
take is unclear because the association was statisti-
significant only among smokers, who are exposed
ch higher levels of acrylamide through smoking
diet. Our observation of no association between
mide intake and risk for breast cancer for different
y periods from 0 to 4 years to 12 to 16 years adds to
nerally null findings for breast cancer.
r findings for endometrial and ovarian cancer are
r to those of Hogervorst et al. (13) in theNetherlands
t Study. They found a significantly increased risk
arian cancer overall and a significantly increased
r endometrial cancer among never-smokingwomen.
invasive ovarian epithelial tumors were included in
nalysis, whereas we included borderline and inva-
varian epithelial tumors in ourmain analysis; we did
stronger association for invasive tumors alone.
n et al. (15, 16) found no association between acryl-
e intake and risk for invasive epithelial ovarian
r or endometrial cancer in the Swedish Mammogra-
ohort; however, the range of intakes in this popu-
was smaller than in our population or in the

rlands Cohort Study.
relative risks are somewhat weaker than those ob-
in the Netherlands Cohort Study. It may be that

mide intake is measured with less error in a Dutch
ation, where Dutch spiced cake is the major con-
or to variation in acrylamide intakes. In our cohort,
variation in acrylamide intakes came from coffee,
breakfast cereal, French fries, and potato chips.
fore, acrylamide intake from our food-frequency
onnaire may be subject to more measurement error
se of the large variation in acrylamide content of
foods between different brands and even between
nt batches of the same brand. For example, the U.S.
and Drug Administration found acrylamide con-
tions ranging from 117 to 1,030 μg/kg in 29 sam-
of fast-food French fries from nine different
rants. In seven samples of fries from different
nald's locations, the content ranged from 155 to
g/kg (21).
wide variation in acrylamide content of foods

ined with the fact that our food-frequency ques-
aire was not specifically designed to assess
ng methods and food preparation techniques
s misclassification of acrylamide intake the major
tion in our study. It is likely that this measure-
error is nondifferential with respect to cancer
mes, so we would expect it to dilute observed
iations. Given that we did see associations be-
acrylamide and endometrial cancer and invasive
erous ovarian tumors despite this measurement
the true associations may be greater than the
ed relative risks of 1.3 to 1.4 for the highest quin-
intake.

founding by other components of acrylamide-rich
or by factors associated with acrylamide intake is

trapo
the lo

r Epidemiol Biomarkers Prev; 19(10) October 2010
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possibility. We tried to account for possible con-
ing as much as possible by adjusting for known
uspected risk factors for each cancer. Adjustment
ffeine intake was important for the endometrial
varian cancer analyses. When caffeine intake was
ed in the models for endometrial cancer, the asso-
n with acrylamide intake was strengthened, and the
ue for linear trend became statistically significant.
verse association between caffeine or coffee intake
ndometrial cancer has been suggested in several
ontrol studies (22-25), but this association has not
xamined in prospective studies. For ovarian cancer,
e was the main confounder. Caffeine and caffeinat-
ffee have previously been shown to be inversely
d to ovarian cancer in this cohort (26). It is possible
ifferent components of coffee have opposite effects
dometrial or ovarian cancer risk; the effects of acryl-
with and without adjustment for caffeine intake
investigation in future studies.
ngths of our prospective analysis include good
le sizes for all three cancers, which allowed us to
ine never-smoking women alone, to evaluate
cancer and ovarian cancer subtypes, and to ex-
different latency periods for breast cancer. Our

ple food-frequency questionnaires allowed us to
s intake over an extended period, 26 years of
-up, and to use cumulative average intake to re-
measurement error in the food-frequency question-
s, which is particularly important in assessing
mide intake.
ylamide is believed to act mainly through its gen-
metabolite, glycidamide (27); however, our find-
uggest that acrylamide may also have hormonal
s that affect cancer risk. A recent study in male
ound no evidence of an effect of acrylamide on
ypothalamus-pituitary-thyroid axis (27). However,
rlier study found evidence of effects on neuro-
itters and circulating testosterone and prolactin
(28). The effects of acrylamide on female rats
been less studied, although one study found
mide administered in drinking water to female
ue-Dawley rats resulted in significantly lower cir-
ng levels of estradiol and progesterone (29). In
on, acrylamide has been shown to bind to proteins
o, so effects on sex hormone binding proteins are
le (29). Our finding of a stronger association be-
acrylamide and endometrial and ovarian cancers

g women with BMI < 25 kg/m2 may provide indi-
upport for a hormonal mechanism because endog-
s hormone production is lower among leaner
enopausal women, possibly allowing for outside
s to have a greater impact.
relative risks for endometrial and ovarian cancer in
udy and that of Hogervorst et al. (13) are greater
hose predicted by linear extrapolation from animal
ls (6). However, there are many uncertainties in ex-

lating from the high doses used in animal studies to
w doses found in human diets and in applying the
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gs from rodent studies to estimates of human
r risk. In addition, if there is a hormonal pathway
ved in acrylamide carcinogenesis, as discussed
, it is possible that the results of the animal models
ot properly apply to human risks.
results of our study and several other prospective
s have found no association between acrylamide in-
nd breast cancer risk, although a small increase in
ith higher intakes cannot be ruled out because of er-
measuring acrylamide intake. On the other hand, the
s of our study along with those of Hogervorst et al.
uggest that acrylamide intake may be associated
isk for endometrial and ovarian cancers. The asso-

ns between acrylamide intake and biomarkers of Rece

ylamide intake and risk of endometrial cancer in a prospective co-
rt of Swedish women. Int J Cancer 2009;124:1196–9.
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rs should be examined in other prospective studies
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