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A meta‐analysis published in 2015 noted a marginally increased risk of endometrial

and ovarian cancers in non‐smoking women with dietary acrylamide intake, but only

a few studies were included, and they were limited to Western countries. The aim

of this study was to investigate the association between dietary acrylamide intake

and endometrial or ovarian cancer risk in the Japan Public Health Center‐based
Prospective Study (JPHC Study). In this prospective cohort study, 47 185 partici-

pants aged 45‐74 years at the follow‐up starting point in the JPHC Study were

enrolled. Dietary acrylamide intake was assessed using a validated food frequency

questionnaire. Cox proportional hazards regression models were used to estimate

hazard ratios (HR) and 95% confidence intervals (95%CI). In participants with

endometrial and ovarian cancer, the average follow‐up periods were 15.5 and

15.6 years, respectively, and 161 and 122 cases of endometrial and ovarian cancer

were diagnosed, respectively. Energy‐adjusted dietary acrylamide intake was nega-

tively associated with endometrial cancer, but the association disappeared after

adjusting for coffee consumption with an adjusted HR for the highest vs lowest ter-

tile of 0.85 (95%CI: 0.54‐1.33). No association was observed, however, for ovarian

cancer (adjusted HR, 0.77; 95%CI: 0.49‐1.23). Furthermore, after stratifying by

smoking status, coffee consumption, alcohol consumption, body mass index, and

menopause status, no association was observed. Dietary acrylamide intake was not

associated with the risk of endometrial or ovarian cancer in Japanese women with a

relatively lower dietary intake of acrylamide compared with Western populations.
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1 | INTRODUCTION

The International Agency for Research on Cancer classified acry-

lamide as a probable human carcinogen (group 2A) in 1994 given

the evidence for the carcinogenicity of acrylamide in animal studies.1

In the general population, smoking was thought to be the main

Abbreviations: CI, confidence interval; DCO, death certificate only; EPIC, European

Prospective Investigation into Cancer and Nutrition; FFQ, food frequency questionnaire;

HR, hazard ratio; ICD-O-3, International Classification of Diseases for Oncology, Third

Edition; JPHC Study, Japan Public Health Center-based Prospective Study; NHS, Nurses’
Health Study; NLCS, Netherlands Cohort Study on Diet and Cancer; SMC, Swedish

Mammography Cohort.
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source of acrylamide exposure,2 but in 2002, Swedish researchers

also found acrylamide in starchy foods cooked at high temperatures

(such as fried potato).3 Therefore, in Western countries, epidemio-

logical studies have been conducted to clarify the risk of dietary

acrylamide intake with regard to the incidence of cancers.

A meta‐analysis published in 2015 showed no increased risk for

most cancers but, due to the marginally increased risk of endometrial

and ovarian cancers identified in non‐smoking women, there is a

need for further studies.4 One possible mechanism by which dietary

acrylamide exerts its carcinogenic effect is thought to be via the

genotoxic pathway of glycidamide, which is an acrylamide metabo-

lite.5-7 Furthermore, a hormone‐related pathway has also been

debated.7-9 Thus, acrylamide is more likely to cause a non‐negligible
increase in the risk of endometrial and ovarian cancers through syn-

ergistic genotoxicity effects and hormone changes than with other

cancers. The small number of studies included in the meta‐analysis
(four studies for each cancer), however, is also considered one of

the reasons for this finding. Therefore, accumulation of evidence

from further studies is needed.

In the Japan Public Health Center‐based Prospective Study

(JPHC Study), the main sources of dietary acrylamide intake based

on the dietary records were coffee and green tea, followed by con-

fectionery, vegetables, and potatoes.10 In contrast, the main sources

in Western countries were potato‐based foods, wheat‐based prod-

ucts, and coffee.11-13 These differences might influence the effect of

dietary acrylamide on the risk of cancer in Japan. This is because

coffee is also known to be a preventive factor for endometrial can-

cer.14 Thus, in the case of endometrial cancer, it is expected that the

carcinogenic effect of acrylamide may be attenuated by the protec-

tive effect of coffee. Therefore, in order to evaluate the safety of

dietary acrylamide, it is important to examine its influence on can-

cers in various countries with different dietary sources. Only one

study in Asia, however, has assessed the influence of dietary acry-

lamide intake on the incidence of cancers.15

Therefore, the aim of this study was to investigate the associa-

tion between dietary acrylamide intake and the incidence of

endometrial or ovarian cancers in Japanese women.

2 | MATERIALS AND METHODS

2.1 | Study participants

The JPHC Study was launched in the 1990s to investigate the asso-

ciations between lifestyle‐related diseases in two cohorts as a popu-

lation‐based prospective cohort study. Cohort I areas included Iwate,

Akita, Nagano, Okinawa (Chubu), and Tokyo, while cohort II areas

included Ibaraki, Niigata, Kochi, Nagasaki, Okinawa (Miyako), and

Osaka. The study protocol has been described elsewhere.16,17 Partic-

ipants in the JPHC Study aged 40‐69 years in these 11 areas con-

sisted of 140 420 inhabitants (68 722 men and 71 698 women).

Dietary surveys were conducted using a self‐administered food fre-

quency questionnaire (FFQ) at baseline and at the 5‐year follow‐up
survey. The number of food items and the number of food items

with the option of portion size in the FFQ at baseline were limited.

In contrast, the FFQ at 5‐year follow‐up contained more detailed

dietary information. Thus, we treated the 5‐year follow‐up survey as

the starting point of the follow up, and calculated dietary acrylamide

intake as the exposure variable using the 5‐year follow‐up FFQ. The

study protocol was approved by the institutional review boards of

the National Cancer Center, Tokyo, Japan; Osaka University; and

Azabu University. All study participants provided informed consent

prior to inclusion in the study.

Participants in the Tokyo area were not included in the present

study because the incidence data for cancer cases were not avail-

able. After excluding the participants who were disqualified, had

died, moved out of the study area, or were lost to follow up before

the starting point, 62 750 women were eligible for inclusion in this

study. Of these, respondents to the 5‐year follow‐up survey con-

sisted of 52 483 women (response rate, 83.6%). Furthermore, the

participants who had a past history of endometrial (n = 654) or

F IGURE 1 Flowchart of participant selection; Japan Public Health
Center‐based Prospective Study
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ovarian (n = 7) cancers identified through the questionnaire and

diagnosed during the baseline survey up to the 5‐year follow‐up sur-

vey were excluded (endometrial cancer, n = 14; ovarian cancer,

n = 11). Participants with missing data or extreme energy intake data

(upper and lower 2.5 percentile) were also excluded (n = 4612).

Therefore, 47 185 women were included in the present analysis of

endometrial and ovarian cancers (Figure 1).

2.2 | Assessment of energy and acrylamide intake
from FFQ

Overall, 138 food and beverage items were included in the 5‐year
follow‐up FFQ. The options for each food item were grouped into 9

categories according to the frequency of eating (never; 1‐3 times/

month; 1‐2 times/week; 3‐4 times/week; 5‐6 times/week; once/day;

2‐3 times/day; 4‐6 times/day; or ≥7 times/day) and 3 categories

according to portion size (less than half the standard portion size;

standard portion size; or >1.5‐fold the standard portion size). The

options for each drink were grouped into 9 categories according to

the frequency of drinking (<1 cup/week; 1‐2 cups/week; 3‐4 cups/

week; 5‐6 cups/week; 1 cup/day; 1‐3 cups/day; 4‐6 cups/day; 7‐
9 cups/day; or ≥10 cups/day).

Energy content in each food item was referenced from the fifth

revised and enlarged edition of the Standard Tables of Food Com-

position in Japan.18 The estimated energy intake was calculated as

the sum of the product of the eating frequency, portion size, and

energy content of each food. From validation studies, on compar-

ison of 28‐day dietary record (DR) in subsamples of two cohorts,

the correlation coefficients of energy intake in women were 0.41

and 0.24 in cohort I (n = 113) and cohort II (n = 176), respec-

tively.19-21

Acrylamide intake was also estimated from the amount of food

and beverage intake and the acrylamide content database. The data-

base was developed from published reports of measurements of

common Japanese foods.22–31 In addition to heated processed foods

such as bread, biscuit and cookies, or coffee, we considered the

influence of home cooking such as stir‐fried vegetables, toast, or

fried batter, to estimate the dietary acrylamide more accurately.23

The de‐attenuated correlation coefficients of energy‐adjusted dietary

acrylamide intake in women were 0.48 and 0.37 in cohort I and

cohort II, respectively.10

2.3 | Follow up and identification of endometrial
and ovarian cancers

The follow‐up period for all participants was from the starting point

of the 5‐year follow‐up survey until 31 December 2013 (until 31

December 2012, only in the Osaka area). Residential status was con-

firmed annually through the residential registry. During the follow‐up
period, 5741 participants (12.2%) died, 3191 (6.8%) moved from the

study area, and 31 (0.1%) were lost to follow up.

The cancer incidence was identified through the following data

sources: active patient notification from major local hospitals in the

study area and data linkage with population‐based cancer registries.

Death certificates were used as a supplementary information source.

The International Classification of Diseases for Oncology, Third Edi-

tion (ICD‐O‐3) was used for coding endometrial (C54) and ovarian

(C56) cancer cases. The proportion of cases determined using death

certificate only (DCO) was 1.9% and 7.4% for endometrial and ovar-

ian cancers, respectively. Given that these percentages were <10%,

they were considered satisfactory for the present study.32 A total of

161 endometrial and 122 ovarian cancers were newly diagnosed by

31 December 2013.

2.4 | Statistical analysis

Person‐years of follow up were determined from the starting point

until the date of diagnosis of endometrial or ovarian cancer, the date

of a participant's death, the date of relocation from the study area,

or the end of the study period (31 December 2012 for Osaka area

and 31 December 2013 for all other areas), whichever occurred first.

For participants lost to follow up, the last confirmed date of their

presence in the study area was used as the date of censor. The

mean follow‐up period was 15.5 and 15.6 years for endometrial and

for ovarian cancer analysis, respectively.

Cox proportional hazard modeling was used to estimate the haz-

ard ratio (HR) and 95% confidence intervals (95%CI) to determine

the association between tertiles of energy‐adjusted dietary acry-

lamide intake and endometrial or ovarian cancers. For energy adjust-

ment, the residual method was used. The trend of HR was also

assessed using the ordinal values of the tertiles of energy‐adjusted
dietary acrylamide intake. HR were adjusted for the following

potential confounders in model 1 for endometrial cancer analysis:

age (years), area (10 public health center areas), body mass index

(BMI; <25, ≥25 kg/m2, or missing), age at menarche (≤13, 14, 15,

≥16 years, or missing), age at first delivery (<26, ≥26 years, or miss-

ing), number of deliveries (0, 1‐2, 3, ≥4, or missing), menopause sta-

tus and age at menopause (premenopause, postmenopause [age

<49, 50‐54, ≥55 years], or missing), use of exogenous female hor-

mones (yes, no, or missing), smoking status (current, ever, never, or

missing), and alcohol intake (<150 or ≥150 g/week). Furthermore, in

the multivariate‐adjusted model 2, energy‐adjusted coffee intake

(continuous) was adjusted for in addition to the variables in model

1.

For ovarian cancer analysis, similar confounding factors as those

for endometrial cancer were also adjusted for. These variables were

identified from the FFQ and are known or suspected risk factors of

endometrial or ovarian cancers.33,34 For sensitivity analysis in model

2, we repeated the same analysis for each cancer but excluded can-

cer cases diagnosed at ≤3 years of follow‐up. Further, we con-

ducted a stratified analysis using smoking status, frequency of

coffee consumption (<1 cup/week, ≥1 cup/week), alcohol consump-

tion, BMI, and menopause status at starting point (pre‐ or post-

menopause). All P‐values were two‐sided, and statistical significance

level was set at P < .05 using SAS 9.3 (SAS Institute, Cary, NC,

USA).
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TABLE 1 Subject characteristics for endometrial and ovarian cancer analysis

Tertiles of acrylamide intake

P‐valuea
Lowest Middle Highest
T1 Mean ± SD or % T2 Mean ± SD or % T3 Mean ± SD or %

No. participants 15 728 15 729 15 728

Acrylamide intake

Median (μg/day)b 3.9 6.3 10.2

Range (μg/day)b 0.0‐5.1 5.1‐7.9 7.9‐59.0

Mean (μg/day)b 3.7 ± 1.0 6.4 ± 0.8 11.1 ± 3.3

Mean (μg/kg bodyweight/day)b 0.07 ± 0.05 0.12 ± 0.11 0.22 ± 0.15

Age at 5‐year follow‐up survey (years) 58 ± 8 57 ± 8 55 ± 8 <.001

Body mass index (kg/m2) 24 ± 3 23 ± 3 23 ± 3 <.001

Smoking status

Current 4.1 4.5 7.2 <.001

Past 0.9 1.0 1.2

Never 89.6 89.3 86.7

Missing 5.5 5.3 5.0

Menarche age

≤13 years 18.8 24.1 27.7 <.001

14 years 18.9 21.7 22.2

15 years 19.1 18.7 17.1

≥16 years 28.3 23.4 19.6

Missing 14.9 12.2 13.4

Age at first delivery

<26 years 50.7 50.9 48.5 <.001

≥26 years 25.9 28.8 30.0

Missing 23.4 20.3 21.5

No. deliveries

None 4.8 5.5 5.7 <.001

1‐2 33.4 36.5 37.0

3 23.7 24.8 23.7

≥4 19.4 17.9 17.5

Missing 18.8 15.4 16.1

Menopause status

Premenopause 15.7 21.7 29.0 <.001

Postmenopause from unknown age 2.0 1.5 1.5

Postmenopause from age <49 years 36.9 34.6 32.6

Postmenopause from age 50‐54 years 36.2 36.2 31.8

Postmenopause from age ≥55 years 4.6 3.7 3.2

Missing 4.6 2.3 2.0

Exogenous hormone use

Yes 2.7 2.5 2.8 <.001

No 89.9 93.1 93.5

Missing 7.4 4.4 3.7

Dietary intake

Energy (kcal/day) 1845 ± 570 1874 ± 553 1858 ± 560 <.001

Alcohol intake (g/week) 16 ± 80 13 ± 58 14 ± 55 <.001

Coffee (g/day)b 37 ± 51 92 ± 90 232 ± 238 <.001

(Continues)
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3 | RESULTS

3.1 | Participant characteristics

Participant characteristics according to acrylamide intake are listed in

Table 1. The mean ± SD dietary acrylamide intake was 3.7 ± 1.0,

6.4 ± 0.8, and 11.1 ± 3.3 μg/day in the lowest, middle, and highest

tertiles of dietary acrylamide intake, respectively. Overall, the median

dietary acrylamide intake was 6.3 μg/day (IQR, 4.5‐8.8 μg/day), and

the mean ± SD dietary acrylamide intake was 7.1 ± 3.7 μg/day and

0.14 ± 0.13 μg/kg bodyweight/day in all participants. Foods that

highly contributed to the total acrylamide intake were coffee (24%),

green tea (22%), biscuit and cookies (13%), potatoes (12%), and veg-

etables (11%). When the percentages of contributing food were

compared between tertiles, coffee (from 14% in the lowest to 29%

in the highest), green tea (from 20% in the lowest to 24% in the

highest), and biscuit and cookies (from 8% in the lowest to 15% in

the highest) increased linearly. The percentages of potatoes (from

16% in the lowest to 10% in the highest) and vegetables (from 17%

in the lowest to 8% in the highest), however, decreased linearly.

The highest acrylamide consumption group were younger; had

lower BMI; had a larger proportion of current smokers, higher pro-

portion of younger menarche, lower proportion of older first deliv-

ery, lower proportion of none or few deliveries, higher proportion of

premenopause status, higher proportion of exogenous female hor-

mone non‐users; and consumed a higher energy diet, less alcohol,

more coffee, more green tea, more biscuit and cookies, more pota-

toes, and more vegetables than the lowest acrylamide consumption

group.

3.2 | Dietary acrylamide intake and endometrial or
ovarian cancers

The association between dietary acrylamide intake and endometrial

cancer risk is shown in Table 2. In model 1, dietary acrylamide intake

significantly decreased the risk of endometrial cancer. When cancer

cases occurring ≤3 years of the starting point were excluded, the

risk did not change. In addition to the covariates in model 1, how-

ever, we added coffee consumption in model 2; the association

attenuated and no significant association was observed. This did not

change after excluding cases that occurred ≤3 years of the starting

point. Furthermore, although similar associations were observed

when stratified according to the confounding factors, there was no

significant association in model 2.

The associations between dietary acrylamide intake and ovarian

cancer risk are given in Table 3. In contrast to the endometrial can-

cer analysis, no significant association was observed with ovarian

cancer. Furthermore, no significant associations were seen on strati-

fication in any of the strata.

Given the wide range of dietary acrylamide intake in the highest

group (7.9‐59 μg/day), we divided all participants into 9 quantiles

and conducted further analysis to clarify the risk of extremely high

consumption (Figure 2). Mean dietary acrylamide intake increased by

approximately 1 μg/day between quantiles. No significant association

was observed when the highest quantile was compared with the

lowest quantile: HR was 0.55 (95%CI: 0.23‐1.33) and P for trend

was 0.18 for endometrial cancer risk; with 0.66 (95%CI: 0.25‐1.73)
and P for trend = 0.32 for ovarian cancer risk.

4 | DISCUSSION

This study identified no associations between dietary acrylamide

intake and endometrial or ovarian cancer risks in Japanese women.

Specifically, energy‐adjusted dietary acrylamide intake was inversely

associated with endometrial cancer in model 1, but the significant

association disappeared after adjustment for coffee consumption.

Furthermore, no associations were observed in either cancers after

smoking status, coffee consumption, alcohol consumption, BMI, and

menopause status stratifications.

In addition to the null association in all women, we did not

detect any significant associations between dietary acrylamide intake

and endometrial or ovarian cancers in non‐smoking Japanese

women. Furthermore, the point estimates showed no increase. In

the previous meta‐analysis, a non‐negligible association was

observed in non‐smoking women with endometrial cancer (HR, 1.23;

95%CI: 1.00‐1.51) and with ovarian cancer (HR, 1.39; 95%CI: 0.97‐
2.00).4 Moreover, the Netherlands Cohort Study on Diet and Cancer

(NLCS), the Nurses’ Health Study (NHS), and the European Prospec-

tive Investigation into Cancer and Nutrition (EPIC) noted increased

HR for endometrial and ovarian cancers.35-37 In contrast, the Swed-

ish Mammography Cohort (SMC) and the Italian Case‐Control

TABLE 1 (Continued)

Tertiles of acrylamide intake

P‐valuea
Lowest Middle Highest
T1 Mean ± SD or % T2 Mean ± SD or % T3 Mean ± SD or %

Green tea (g/day)b 343 ± 352 543 ± 429 791 ± 698 <.001

Biscuit and cookies (g/day)b 1 ± 1 2 ± 3 6 ± 8 <.001

Potato (g/day)b 12 ± 10 19 ± 15 23 ± 24 <.001

Vegetables (g/day)b 204 ± 123 231 ± 124 235 ± 135 <.001

aKruskal‐Wallis test for continuous variables and chi‐squared test for categorical variables.
bEnergy‐adjusted intake.
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TABLE 2 Acrylamide intake and the risk of endometrial cancer

Total

Tertiles of acrylamide intake

P for trend
Lowest (T1) Middle (T2) Highest (T3)
HR (95%CI) HR (95%CI) HR (95%CI)

All women

No. participants 47 185 15 728 15 729 15 728

No. cases 161 67 51 43

Person‐years 733 067 246 682 244 634 241 751

Age‐ and area‐adjusted 1.00 (Reference) 0.77 (0.53‐1.12) 0.64 (0.43‐0.96) .03

Multivariate‐adjusteda 1.00 (Reference) 0.76 (0.53‐1.10) 0.65 (0.44‐0.97) .03

Multivariate‐adjusted (excluding cases ≤ 3 years)a 1.00 (Reference) 0.79 (0.53‐1.18) 0.68 (0.44‐1.05) .08

Multivariate‐adjustedb 1.00 (Reference) 0.83 (0.57‐1.22) 0.85 (0.54‐1.33) .43

Multivariate‐adjusted (excluding cases ≤ 3 years)b 1.00 (Reference) 0.85 (0.56‐1.28) 0.85 (0.52‐1.38) .46

By smoking status

Current or past smoker

No. cases 5 1 0 4

Multivariate‐adjusteda 1.00 (Reference) – 1.68 (0.12‐22.83) .49

Never smoker

No. cases 149 64 48 37

Multivariate‐adjusteda 1.00 (Reference) 0.77 (0.52‐1.12) 0.62 (0.40‐0.94) .02

Multivariate‐adjustedb 1.00 (Reference) 0.85 (0.57‐1.25) 0.82 (0.51‐1.31) .37

By coffee consumption

<1 cup/week

No. cases 47 32 7 8

Multivariate‐adjusteda 1.00 (Reference) 0.51 (0.22‐1.18) 1.14 (0.52‐2.53) .77

≥1 cup/week

No. cases 114 35 44 35

Multivariate‐adjusteda 1.00 (Reference) 0.83 (0.53‐1.31) 0.59 (0.36‐0.96) .03

Multivariate‐adjustedb 1.00 (Reference) 0.91 (0.58‐1.44) 0.79 (0.46‐1.36) .40

By alcohol consumption

<150 g/week

No. cases 157 64 51 42

Multivariate‐adjusteda 1.00 (Reference) 0.80 (0.55‐1.16) 0.67 (0.44‐1.00) .05

Multivariate‐adjustedb 1.00 (Reference) 0.88 (0.60‐1.29) 0.89 (0.57‐1.40) .58

≥150 g/week

No. cases 4 3 0 1

Multivariate‐adjusteda 1.00 (Reference) – – –

By body mass index

<25 kg/m2

No. cases 103 40 35 28

Multivariate‐adjusteda 1.00 (Reference) 0.87 (0.55‐1.39) 0.72 (0.43‐1.19) .20

≥25 kg/m2

No. cases 55 25 16 14

Multivariate‐adjusteda 1.00 (Reference) 0.67 (0.35‐1.26) 0.57 (0.29‐1.13) .10

By menopause status

Premenopause

No. cases 49 17 14 18

Multivariate‐adjusteda 1.00 (Reference) 0.62 (0.30‐1.27) 0.67 (0.33‐1.35) .29

(Continues)
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Studies found null associations for endometrial and ovarian can-

cers.38-41 Differences in the dietary acrylamide intake in these cohorts

may be one of the reasons for the lack of association. The average

acrylamide intakes in the lowest and highest quintiles were 9.5 and

36.8 μg/day in the NLCS, and 9 and 26 μg/day in the NHS, respec-

tively.35,36 Likewise, the EPIC cohort, which included 10 European

countries, also had a wide intake range: the lowest was 8.8 μg/day in

Italy and the highest was 35.5 μg/day in Denmark.37 In contrast to

these cohorts, the range of intake was narrower in the studies that

showed no association.38-41 In the Japanese participants, intake range

of quartiles, as well as the average intake, was considerably smaller

than in the other studies that showed a significant association.

Differences in the contributing foods also may have had an

impact on the results. In this study, specifically, decreased risk was

observed with endometrial cancer in model 1, but the association

was attenuated after the adjustment for coffee consumption. Coffee

intake was reported as a probable preventive factor for endometrial

cancer in the World Cancer Research Fund International.14 This was

consistent with the decreased risk of endometrial cancer due to cof-

fee consumption in the JPHC Study.34

TABLE 2 (Continued)

Total

Tertiles of acrylamide intake

P for trend
Lowest (T1) Middle (T2) Highest (T3)
HR (95%CI) HR (95%CI) HR (95%CI)

Postmenopause

No. cases 107 45 37 25

Multivariate‐adjusteda 1.00 (Reference) 0.90 (0.58‐1.40) 0.69 (0.41‐1.14) .15

aMultivariate‐adjusted model 1, adjusted for age (years), area (10 public health center areas), body mass index (<25, ≥25 kg/m2, or missing), age at

menarche (≤13, 14, 15, ≥16 years, or missing), age at first delivery (<26, ≥26 years, or missing), number of deliveries (0, 1‐2, 3, ≥4, or missing), meno-

pause status and age at menopause (premenopause, postmenopause [<49, 50‐54, ≥55 years], or missing), use of exogenous female hormones (yes, no,

or missing), smoking status (current or ever, never, or missing), and alcohol intake (<150 or ≥150 g/week).
bMultivariate‐adjusted model 2 was further adjusted for energy‐adjusted coffee intake (continuous) in addition to the variables in model 1.

F IGURE 2 Hazard ratio (HR) for A, endometrial cancer risk and B, ovarian cancer risk vs 9 quantiles of dietary acrylamide intake. The
reference group was the lowest ninth quantile of energy‐adjusted dietary acrylamide intake. A, HR and 95%CI were adjusted for age (years),
area (10 public health center areas), body mass index (<25, ≥25 kg/m2, or missing), age at menarche (≤13, 14, 15, ≥16 years, or missing), age
at first delivery (<26, ≥26 years, or missing), number of deliveries (0, 1‐2, 3, ≥4, or missing), menopause status and age at menopause
(premenopause, postmenopause [<49, 50‐54, ≥55 years], or missing), use of exogenous female hormones (yes, no, or missing), smoking status
(current, ever, never, or missing), alcohol intake (<150 or ≥150 g/week), and energy‐adjusted coffee intake (continuous). Number of cases from
the lowest to the highest of the nine quantiles was 25, 20, 22, 21, 13, 17, 23, 12, and 8, respectively. B, HR and 95%CI were adjusted for age
(years), area (10 public health center areas), body mass index (<25, ≥25 kg/m2, or missing), age at menarche (≤14, ≥15 years, or missing), age
at first delivery (<26, ≥26 years, or missing), number of deliveries (0, 1‐2, ≥3, or missing), menopause status (premenopause, postmenopause,
or missing), use of exogenous female hormones (yes, no, or missing), smoking status (current or ever, never, or missing), and alcohol intake
(<150 or ≥150 g/week). Number of cases from the lowest to the highest of the nine quantiles was 16, 11, 19, 8, 16, 17, 19, 9, and 7,
respectively
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TABLE 3 Acrylamide intake and the risk of ovarian cancer

Total

Tertiles of acrylamide intake

P for trend
Lowest (T1) Middle (T2) Highest (T3)
HR (95%CI) HR (95%CI) HR (95%CI)

All women

No. participants 47 185 15 728 15 729 15 728

No. cases 122 46 41 35

Person‐years 733 572 246 889 244 758 241 925

Age‐ and area‐adjusted 1.00 (Reference) 0.90 (0.59‐1.38) 0.76 (0.48‐1.21) .26

Multivariate‐adjusteda 1.00 (Reference) 0.90 (0.59‐1.38) 0.77 (0.49‐1.23) .28

Multivariate‐adjusted (excluding cases ≤ 3 y)a 1.00 (Reference) 0.83 (0.52‐1.33) 0.69 (0.41‐1.16) .16

By smoking status

Current or past smoker

No. cases 4 2 1 1

Multivariate‐adjusteda 1.00 (Reference) 0.42 (0.03‐5.14) 0.23 (0.02‐3.39) .27

Never smoker

No. cases 111 41 38 32

Multivariate‐adjusteda 1.00 (Reference) 0.94 (0.60‐1.48) 0.82 (0.50‐1.33) .43

By coffee consumption

<1 cup/week

No. cases 39 25 10 4

Multivariate‐adjusteda 1.00 (Reference) 0.90 (0.43‐1.90) 0.62 (0.21‐1.82) .40

≥1 cup/week

No. cases 83 21 31 31

Multivariate‐adjusteda 1.00 (Reference) 1.02 (0.58‐1.79) 0.95 (0.53‐1.71) .86

By alcohol consumption

<150 g/week

No. cases 117 42 40 35

Multivariate‐adjusteda 1.00 (Reference) 0.95 (0.61‐1.48) 0.84 (0.52‐1.35) .47

≥150 g/week

No. cases 5 4 1 0

Multivariate‐adjusteda 1.00 (Reference) 0.74 (0.05‐12.14) – .35

By body mass index

<25 kg/m2

No. cases 89 31 33 25

Multivariate‐adjusteda 1.00 (Reference) 1.09 (0.66‐1.80) 0.83 (0.48‐1.45) .53

≥25 kg/m2

No. cases 31 14 8 9

Multivariate‐adjusteda 1.00 (Reference) 0.54 (0.22‐1.32) 0.64 (0.26‐1.55) .29

By menopause status

Premenopause

No. cases 25 8 9 8

Multivariate‐adjusteda 1.00 (Reference) 0.87 (0.33‐2.27) 0.70 (0.25‐1.92) .48

Postmenopause

No. cases 94 35 32 27

Multivariate‐adjusteda 1.00 (Reference) 0.96 (0.59‐1.57) 0.86 (0.51‐1.46) .58

aMultivariable Cox proportional hazard models were adjusted for age (years), area (10 public health center areas), body mass index (<25, ≥25 kg/m2, or

missing), age at menarche (≤14, ≥15 y, or missing), age at first delivery (<26, ≥26 y, or missing), number of deliveries (0, 1‐2, ≥3, or missing), menopau-

sal status (premenopause, postmenopause, or missing), use of exogenous female hormones (yes, no, or missing), smoking status (current or ever, never,

or missing), and alcohol intake (<150 or ≥150 g/week).
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In the present study, as dietary acrylamide intake increased, the

proportion of acrylamide intake from coffee was increased. It was

thought that the significantly decreased risk observed in model 1

might be due to the preventive effect of coffee intake. Therefore,

the beneficial effect of coffee intake may be greater than the influ-

ence of acrylamide intake accompanying coffee consumption, given

that coffee was the highest contributing food to total acrylamide

intake in this study. In the NHS, coffee was also one of the con-

tributing foods, but, the risk of endometrial cancer increased.36 This

difference may be due to the high acrylamide intake and the differ-

ence in contributing foods other than coffee.

This study has several limitations. First, the associations might

have been attenuated by FFQ measurement errors. Second, the

results may be affected by residual confounding factors such as pas-

sive smoking. Given, however, that there were no questions regard-

ing passive smoking in the 5‐year follow‐up FFQ, we could not

include passive smoking in the adjusted model in the present study.

To eliminate these effects, therefore, further studies using biomark-

ers are needed. Also, of the risk assessments on endometrial cancer,

the FFQ result is inconsistent with the results using biomarkers such

as hemoglobin adduct concentration in blood.6,37 Third, the assess-

ment of acrylamide intake was done once. Therefore, we could not

consider individual dietary changes during the follow‐up period.

There may be differences in the contributing food groups by genera-

tion, given that the proportion of acrylamide intake from beverages

and from vegetables was lower and higher, respectively, in the Japa-

nese 2012 national dietary survey estimations compared with the

present results in the 1990s.22 Individual dietary habits, however,

might not have changed dramatically, because the present partici-

pants were aged 45‐74 years and their dietary habits were consid-

ered to be well established. Fourth, the low cancer incidence might

affect the statistical power. The number of endometrial and of ovar-

ian cancer cases was low in this cohort, reflecting the low incidence

rate in Japan: age‐standardized rates per 100 000 population in

2012 in Japan were 10.6 for endometrial cancer and 8.4 for ovarian

cancer.42

The strengths of this study were that the JPHC Study is one of the

largest prospective cohort studies on lifestyle diseases; and recall bias

on the exposure was prevented because the data were collected

before cancer diagnosis. Participants were selected from the general

population and the survey response rate was >80% while the loss to

follow‐up rate was considerably small. The proportion of DCO was

<10% each for endometrial and ovarian cancers. Therefore, the fol-

low‐up data and the cancer registry in this study population were of

sufficient quality.

This is the first study to assess the effect of dietary acrylamide

intake on endometrial or ovarian cancer risks in Asian countries. We

found no association between dietary acrylamide intake and

endometrial or ovarian cancer risks regardless of smoking status, cof-

fee consumption, alcohol consumption, body size, or menopause sta-

tus in this large prospective cohort study of Japanese women with a

relatively lower dietary intake of acrylamide compared with Western

populations.
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