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Abstract

Recent studies indicate that lifestyle factors in early life affect breast cancer risk. We there-

fore explored the association of high consumption of meat, milk, and whole grain products in

adolescence and midlife, on breast cancer risk. We used data from the population based

AGES-Reykjavik cohort (2002–2006), where 3,326 women with a mean age of 77 years (SD

6.0) participated. For food items and principal component derived dietary patterns we used

Cox proportional models to calculate multivariate hazard ratios (HR) with 95% confidence

intervals (95% CI). During a mean follow-up of 8.8 years, 97 women were diagnosed with

breast cancer. For both adolescence and midlife, daily consumption of rye bread was posi-

tively associated with breast cancer (HR 1.7, 95% CI 1.1–2.6 and HR 1.8, 95% CI 1.1–2.9,

respectively). In contrast, persistent high consumption of oatmeal was negatively associated

with breast cancer (0.4, 95% CI 0.2–0.9). No association was found for other food items or

dietary patterns that included rye bread. High rye bread consumption in adolescence and

midlife may increase risk of late-life breast cancer whilst persistent consumption of oatmeal

may reduce the risk.

Introduction

During adolescence the female mammary tissue undergoes extensive modeling or re-modeling.

Consequently, researchers have hypothesized that breast tissue may be particularly susceptible for

initiation of breast tumors during this period [1, 2]. There is increasing evidence on the impor-

tance of adult midlife diet and risk of breast cancer [3] while available studies on the impact of

diet during adolescence on breast cancer risk are scarce and somewhat inconsistent [4]. Studying

early life diet can be challenging due to potential misclassification bias, the need for a long follow-
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up and limited variation in food intake between participants. Interestingly, there was considerable

variability in dietary habits between residency areas in Iceland in early and mid 20th century due

to relative isolation of regions and differences in food access. This variation was observed to be

strongest for the most common food items consumed at that time, or meat, rye, milk products,

fish and fish oil [5]. These products are also of interest in this context because of their diverse bio-

active compounds [6, 7] as well as their wide-spread use in modern Western diets.

In the Nurses’ Health Study, women in the highest quintile of red meat consumption in

adolescence had significantly higher risk of breast cancer than women in the lowest quintile

[8–10]. A recent meta-analysis of 14 prospective studies [11] on adult red- and processed meat

consumption reported a slightly increased breast cancer risk and similar results were observed

in the NIH-AARP Diet and Health Study [12]. In contrast, no association with either child-

hood or adult milk consumption and risk of breast cancer has been found [13–18]. High total

dietary fiber intake in early adulthood was associated with significantly lower breast cancer

risk [19], as was total high adolescent consumption of lignans [20], a common phytoestrogen

commonly found in whole grains [21]. High consumption whole grain food intake in adoles-

cence and early adulthood was associated with lower risk of premenopausal breast cancer risk

but not with post-menopausal risk [22]. Available studies on total adult whole grain consump-

tion and breast cancer risk have either suggested a negative [22–24] or no association [25, 26].

For this study we used data from the population based AGES-Reykjavik Study, which is

derived from a population with considerable variation in dietary habits in adolescence. Using

the same cohort, we have previously observed a preventive role of very high fish intake in ado-

lescence and midlife for breast cancer [27] and also the importance of earlier diet for prostate

cancer risk [28–30]. In the present study our aim was to explore the effects of high consump-

tion of meat, milk, and whole grain products in adolescence and midlife on breast cancer risk

later in life, with a main emphasis on the adolescence period.

Materials and methods

Study population

We used data from the Age Gene Environment Susceptibility (AGES)—Reykjavik Cohort Study

of the Icelandic Heart Association, a sub-cohort of the population based Reykjavik Study initiated

in 1967 [31]. The AGES-Reykjavik Study examinations began in 2002 and at that time 11,549

Reykjavik Study cohort members were still alive. Thereof, 8,030 individuals were randomly invited

to the study and of these, 5,764 individuals (thereof 3,326 women) participated between 2002–

2006 (72% response rate). Extensive data were collected during clinical examinations, including

information on food intake in adolescence, midlife and present old age. For our analysis we used

data from the first clinical examination [32]. For this study, we excluded women who had been

diagnosed with breast cancer prior to study entry (n = 196), leaving 3130 women in our study.

Dietary assessment in early life and midlife

At study entry, the participants completed a food frequency questionnaire (FFQ) on diet in

adolescence (between the ages of 14 to 19 years), in midlife (between the ages 40 to 50 years),

and at study entry (late life). For this analysis we only use questions from the adolescent and

midlife period.

The FFQ was especially designed for this project and provides information on frequency of

intake of 10 common foods and food groups consumed in adolescence and 11 in midlife. For

both adolescence and midlife, these food groups were meat (including salted and smoked

meat), fish (including salted or smoked fish), fish liver oil, blood or liver sausage, rye bread, oat-

meal, potatoes, milk and milk products, fruits and vegetables [33]. An additional question on

Rye bread intake in adolescence and midlife and risk of breast cancer
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consumption of whole wheat bread was included for the midlife period, but this type of bread

was uncommon in the adolescent period. As previously stated, for this analysis our main focus

is on meat, including salted and smoked meat, milk, rye bread, oatmeal and whole wheat bread.

We have previously published analysis on fish and cod liver oil from this same cohort [27] while

analysis on fruits and vegetables were not conducted due to very low consumption on a daily

basis for both adolescence and midlife. However, all food groups, as described above, were

included in the dietary pattern analysis (see supporting information).

Two separate questions were asked regarding meat consumption. One included total con-

sumption of meat and ground meat as a meal (hereafter referred to as meat). The other ques-

tion (included in total meat consumption) concerned intake of corned meat, corned meat

sausage, or any kind of salted/smoked meat (hereafter referred to as salted or smoked meat).

Information on milk consumption included frequency of intake of milk and milk products

(hereafter referred to as milk). Rye bread consumption was assessed by one question on intake

of rye bread and flatbread made of rye (hereafter referred to as rye bread). For midlife, the

question on oatmeal also included muesli, but will be referred to as oatmeal in both periods.

For meat, milk, rye bread, oatmeal, and whole wheat bread, the frequency of consumption

was classified into; 1) never, 2) less than once a week, 3) 1–2 times a week, 4) 3–4 times a week,

5) 5–6 times a week, 6) daily, and 7) more than once a day. For salted or smoked meat, the fol-

lowing response categories were: 1) never, 2) less than once a month, 3) 1–3 times a month, 4)

1–2 times a week 5) 3–6 times a week 6) daily or more often.

For both adolescence and midlife, meat consumption was divided into two categories. low (2

times or less per week) and high (3 times or more per week). Consumption of salted or smoked

meat was also divided into two categories, with low intake defined as 3 times per month or less

and high as once per week or more. Consumption of milk, rye bread and whole wheat bread

(midlife only) was divided into two categories (less than daily and daily or more). Consumption

of oatmeal was divided into low (4 times a week or less) and high (5 times a week or more).

The FFQ has been validated for midlife and late life [33, 34]. In short, midlife dietary habits

were validated by comparing the results in the AGES-FFQ (n = 107) with detailed dietary data

gathered from the same individuals 18–19 years previously in a National nutrition survey con-

ducted in 1990. The main results were that the correlation coefficients for most of the food

items were within an acceptable range [33].

Covariate assessment

Information on potential confounders was mainly retrieved from a lifestyle questionnaire,

completed at entry to the AGES-Reykjavik Study. We collected information on age at entry to

the study (continuous), age at menarche (continuous), family history of breast cancer (mother,

sister and/or daughter ever diagnosed with breast cancer), education (primary, secondary, col-

lege/university), use of hormonal replacement therapy (never, ever), oral contraceptive (never,

ever), use of alcohol in midlife (yes, no), and physical activity in adolescence and midlife

(never/rarely, occasionally, moderately/often). We also retrieved information on ever being

pregnant (y/n) and age at first birth (continuous), and combined this information into one

variable (no births, age 24 and younger, 25 and older). From the Reykjavik Study we retrieved

values on body mass index (BMI) and height from the midlife period (both continuous). Infor-

mation on dietary covariates was retrieved from the AGES-FFQ (Fig 1).

Selected dietary covariates on concurrent consumption included, milk, meat, salted and

smoked meat, oatmeal, and rye bread, depending on the exposure (see cut offs above). We also

used information on fish consumption, (� 2 portions p/w vs.>2–4 portions p/w vs.> 4por-

tions p/w) and on salted and smoked fish (3 times a month or less vs. once a week or more).

Rye bread intake in adolescence and midlife and risk of breast cancer
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As residence dependent variance in food consumption existed during the adolescence

period [5] we also added information on place of residence when growing up in our models

(capital, coastal village, rural area, and combination of coastal village and rural area) collected

in the Reykjavik Study.

Ascertainment of outcome

We ascertained breast cancer diagnosis through the nationwide Icelandic Cancer Registry

[35]. Information on cause of death was obtained from Directorate of Health. Due to the com-

puterized national roster and unique personal identification numbers for each person, follow-

up was virtually complete (99%) [35]. Participants were followed from the study entry

(between 2002 and 2006) to diagnosis of breast cancer, death, or until the end of the observa-

tion period (December 31, 2014), whichever occurred first.

Statistical analysis

For both adolescence and midlife, Cox proportional hazard regression models were used to

calculate hazard ratio (HR) and 95% confidence interval (95% CI) for incident breast cancer.

For all exposures in the adolescent period the first model was adjusted for age (as a continuous

variable) at entry. Depending on exposure, all other food items under study (meat, salted and

smoked meat, milk, rye bread, oatmeal) plus information on fish and salted and smoked fish

were then added simultaneously to the second model (see cutoffs above in covariates assess-
ment). Further adjustments were then made for education (3 categories), BMI (continuous) in

midlife, age at first child birth (3 categories) and age at menarche (continuous).

After combining information on ever being pregnant and age at first birth in to one variable

we had missing values for 211 women. The missing values were included in the multivariable

Fig 1. Timeline of examination points in the study.

https://doi.org/10.1371/journal.pone.0198017.g001
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analysis as a special category. We also replaced the 21 missing values for BMI with the mean

BMI value of the participants of the study, or 25. The 177 missing values for age at menarche

were replaced with the mean age of menarche in the cohort, or 14 years. We did not replace

missing values for food items, neither for exposures or covariate variables.

For midlife, the same types of models were presented, except here midlife measures for all

food consumption were used. Also, information on consumption of alcohol and whole wheat

bread was added to the multivariate midlife model.

For both periods,further adjustment for family history of breast cancer, height, and physical

activity, family history of breast cancer, hormonal replacement therapy or oral contraceptive

did not change our risk estimates (data not shown) and were therefore not included in our

final statistical models.

To assess the potential effects of longitudinal dietary habits on breast cancer risk we pooled

consumption of each food item in adolescence and midlife into one variable with four catego-

ries; 1) low in both adolescence and midlife; 2) low in adolescence and high in midlife; 3) high

in adolescence and low in midlife; and 4) high in both adolescence and midlife. For this analysis,

the first category (low consumption in both periods) was used as a reference. Adjustments were

made for same factors as described for the adolescent period. We also performed Spearman´s

correlation test between consumption on food items under study in adolescence and midlife.

To further examine whether the association observed for rye bread and oatmeal persisted

when other food items commonly consumed were included we also used principal component

analysis to identify dietary patterns from the AGES-FFQ, including all dietary data available.

This method is data driven and forms new linear factors (dietary patterns) by reducing data

dimension and grouping correlated variables (food intake). For each pattern, a new variable is

created, ranking participants on their adherence to that particular pattern [36]. Each variable/

pattern was further divided into tertiles, or low, medium, and high adherence to each pattern.

We used Cox proportional hazard regression to test association between adherence to adoles-

cence and midlife patterns and breast cancer risk, using the lowest tertile as a reference. For

both adolescence and midlife, adjustments were made for age at entry, BMI, education, age at

menarche, and age at first child, using the same cut offs as previously described for individual

exposures in adolescence and midlife. We also tested for trend in the hazard ratios for the first

category, using polynomial contrasts (data shown in S1 and S2 Tables).

For all statistical analysis we used SPSS software, version 24.0 (SPSS Inc., Chicago, Illinois;

www.spss.com) and R Core Team (2014). R: A language and environment for statistical com-

puting. R Foundation for Statistical Computing, Vienna, Austria; (http://www.R-project.org/).

The study protocol was approved by the Icelandic Ethical Review Board and the Icelandic

Data Protection Authority (VSN b2007120014/03-7).

Results

The mean age at study entry was 77.0 years and standard deviation (SD) 6.0. The mean follow-

up time was 8.8 years (SD = 3.1). During that time, 97 women were diagnosed with breast can-

cer, with mean age at diagnosis 81.4 years (SD = 6.5). The dietary analyses were based on par-

ticipants who provided information on diet in midlife and adolescence when entering the

AGES-Reykjavik cohort and were free of breast cancer.

Diet in adolescence

Table 1 shows characteristics of the population that provided data on meat (n = 2,866), milk

(n = 2,871), and rye bread (n = 2,858) consumption in adolescence. When compared with

women with low consumption of meat in adolescence, women with high consumption of meat

Rye bread intake in adolescence and midlife and risk of breast cancer
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Table 1. Characteristics of female participants in the AGES–Reykjavik Study (2002–2006) according to consumption of rye bread, meat and milk in adolescence.

Rye bread Meat Milk

N = 2858 N = 2866 N = 2871

Low High Low High Low High

Less than
daily

Daily or
more

2 times or
less per week

3 times or
more per

week

Less than
daily

Daily or
more

n = 1452 n = 1406 P value n = 958 n = 1908 P value n = 695 n = 2176 P value
Age at study entry

Mean (SD) 75.2 (5.3) 77.8 (5.7) 0.001 76.1 (5.8) 76.6 (5.5) 0.001 76.3 (5.7) 76.5 (5.6) 0.549

Median 74 78 75 76 75 76

Height (cm)�

Mean (SD) 164.4 (5.2) 163.9 (5.5) 0.012 164.3 (5.4) 164.1 (5.4) 0.001 163.9 (5.1) 164.2 (5.5) 0.202

Median 164.5 164 164 164 164 164

BMI (kg/m2)�

Mean (SD) 24.9 (3.7) 25.0 (3.8) 0.520 24.8 (3.8) 25.0 (3.8) 0.001 25.3 (3.9) 24.8 (3.7) 0.010

Median 24 24.5 24 24 24.5 24

Education, n (%)

Primary 560 (39) 667 (47) 0.001 358 (37) 874 (46) 0.001 316 (46) 915 (42) 0.232

Secondary 665 (46) 572 (41) 446 (47) 792 (42) 292 (42) 951 (44)

University/College 227 (15) 167 (12) 154 (16) 242 (12) 87 (13) 310 (14)

Birth cohort, n (%)

1908–1919 85 (6) 236 (17) 0.001 104 (11) 216 (11) 0.016 73 (11) 247 (11) 0.386

1920–1924 285 (20) 373 (26) 205 (21) 456 (24) 157 (23) 505 (23)

1925–1929 470 (32) 435 (31) 283 (30) 621 (33) 209 (30) 699 (32)

1930–1935 612 (42) 362 (26) 366 (38) 615 (32) 256 (37) 725 (33)

Location of first residence, n (%)

Reykjavik 603 (42) 458 (33) 0.001 351 (37) 712 (38) 0.001 283 (41) 783 (37) 0.001

Coastal village 515 (36) 417 (30) 267 (28) 666 (36) 270 (39) 664 (31)

Rural area 259 (18) 450 (33) 277 (30) 437 (23) 113 (17) 601 (28)

Combination of coastal village and rural area 53 (4) 50 (4) 45 (5) 58 (3) 18 (3) 86 (4)

Age at menarche, n (%)

� 13 y 669 (46) 609 (43) 0.147 447 (47) 836 (44) 0.147 309 (45) 978 (45) 0.824

� 14 y 782 (54) 794 (57) 510 (53) 1069 (56) 385 (55) 1195 (55)

Age at first birth, n (%)

No children 101 (7) 111 (8) 0.003 81 (8) 132 (7) 0.017 40 (6) 173 (8) 0.172

� 24 y 927 (64) 804 (57) 544 (57) 1197 (63) 441 (63) 1300 (60)

� 25 y 404 (28) 472 (34) 317 (33) 557 (29) 205 (30) 673 (31)

Physical activity

Never 600 (44) 685 (52) 0.001 405 (46) 881 (49) 0.179 310 (47) 977 (48) 0.499

Rarely/occasionally 335 (25) 242 (19) 202 (23) 376 (21) 153 (23) 426 (21)

Moderate/high 426 (31) 377 (29) 281 (32) 526 (30) 194 (30) 615 (31)

Family history of breast cancer

Yes 235 (16) 238 (17) 0.593 147 (15) 330 (17) 0.186 121 (17) 355 (16) 0.499

High intake of other food groups

Fish (> 4 portions p/w) 532 (37) 606 (43) 0.001 186 (19) 956 (50) 0.001 256 (37) 887 (41) 0.045

Salted fish (once p/w or more) 600 (42) 861 (62) 0.001 450 (47) 1008 (53) 0.002 255 (37) 1210 (56) 0.001

Oatmeal (� 5 times p/w) 377 (26) 686 (49) 0.001 353 (37) 710 (38) 0.840 132 (19) 932 (43) 0.001

Salted or smoked meat (once p/w or more) 356 (25) 575 (41) 0.001 334 (35) 595 (31) 0.053 146 (21) 783 (36) 0.001

Milk (daily or more) 974 (67) 1185 (84) 0.001 733 (77) 1432 (75) 0.328

(Continued)

Rye bread intake in adolescence and midlife and risk of breast cancer
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(3 times or more p/w) were older at study entry, less educated, and older when having their

first child. They also consumed more salted or smoked meat and more salted and regular fish.

Women with high milk consumption (daily or more often) had lower BMI in midlife, were

more often raised in rural areas, and had more frequent consumption of cod liver oil, salted or

smoked fish, total fish, meat, and oatmeal. When compared with less than daily rye bread con-

sumption, women who consumed rye bread daily or more often were older when entering the

study, had lower education level, were more commonly raised in rural areas, were older upon

first birth, and less physically active. They also consumed fish more frequently, particularly

salted or smoked fish as well as milk, oatmeal, and meat, including salted or smoked meat.

Table 2 presents hazard ratios, with 95% CI, for breast cancer and diet in adolescence. No

statistically significant association was found for meat, salted and smoked meat and milk con-

sumption. For whole grain products, we found a positive association between high consump-

tion of rye bread (daily or more often) in adolescence and breast cancer risk (HR 1.7, 95% CI

Table 1. (Continued)

Rye bread Meat Milk

N = 2858 N = 2866 N = 2871

Low High Low High Low High

Less than
daily

Daily or
more

2 times or
less per week

3 times or
more per

week

Less than
daily

Daily or
more

n = 1452 n = 1406 P value n = 958 n = 1908 P value n = 695 n = 2176 P value
Meat� 3 times p/w) 944 (65) 953 (68) 0.122 473 (68) 1432 (66) 0.328

Abbreviations: SD, standard deviation.

�Measured in midlife—at entry to the Reykjavik Study

P values are based on Chi-square tests, except for age at entry, height and BMI, where One-Way ANOVA test was used

https://doi.org/10.1371/journal.pone.0198017.t001

Table 2. Multivariate analysis of breast cancer risk by meat, milk and whole grain intake in adolescence.

Meat Salted or

smoked meat

Milk Rye bread Oatmeal

N = 2866 N = 2862 N = 2871 N = 2858 N = 2856

Low High Low High Low High Low High Low High

2 times or less
p/w

3 times or
more p/w

3 times a month
or less

Once p/w or
more

Less than
daily

Daily
or more

Less than
daily

Daily or
more

4 times or less
p/w

5 times or
more p/w

n = 958 n = 1908 n = 1930 n = 932 n = 695 n = 2176 n = 1452 n = 1406 n = 1791 n = 1065

Breast cancer

(%)

28

(2.9)

68

(3.6)

61

(3.2)

36

(3.9)

29

(4.2)

68

(3.1)

41

(2.8)

55

(3.9)

68

(3.8)

29

(2.7)

Age adjusted

HR

1.0 1.2 1.0 1.3 1.0 0.8 1.0 1.5 1.0 0.7

(95% CI) (ref.) (0.8–1.9) (ref.) (0.8–1.9) (ref.) (0.50–

1.2)

(ref.) (1.0–2.2) (ref.) (0.5–1.2)

Multivariate

HR�
1.0 1.3 1.0 1.4 1.0 0.7 1.0 1.7 1.0 0.7

(95% CI) (ref.) (0.8–2.0) (ref.) (0.9–2.2) (ref.) (0.4–1.1) (ref.) (1.1–2.6) (ref.) (0.5–1.2)

Abbreviations: CI, confidence interval; HR, hazard ratio: p/w, per week

�Multivariate HR; adjusted for age at entry, education, body mass index in midlife, age at first child and age at menarche. All food items under study (meat, salted and

smoked meat, milk, rye bread, oatmeal) plus information on fish and salted and smoked fish were then added simultaneously to the multivariate model. The

multivariate analysis included 2810 women, thereof 95 with breast cancer.

https://doi.org/10.1371/journal.pone.0198017.t002
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1.1–2.6), when compared with lower consumption (less than daily). No significant association

was observed for oatmeal consumption. When adding early life residence to the multivariate

model the risk estimates for high rye bread consumption increased (HR 1.8, 95% CI 1.2–2.9).

No difference was observed for other estimates.

We further divided rye bread consumption into three groups (two times or less per week,

3–6 times per week, and daily or more) and explored the association with breast cancer risk,

where we found a significant trend across the groups, HR 1.0 (95% CI 0.5–2.0) and HR 1.7

(95% CI 0.9–3.2), respectively (Ptrend = 0.043).

Midlife diet

For midlife (Table 3), no significant association was observed for meat and milk consumption,

although a marginally positive association was observed for high consumption (once per week

or more) of salted or smoked meat (HR 1.6, 95% CI 1.0–2.6) compared with women with low

consumption (3 times a month or less). For whole grain products, no association was observed

for whole wheat bread while a statistically significant positive association was observed for

high consumption (daily or more) of rye bread (HR 1.8, 95% CI 1.1–2.9) when compared with

lower consumption (less than daily). No significant association was observed for oatmeal. No

difference was observed for any of the risk estimates when early life residence was added to the

model.

Rye bread consumption in midlife was further divided into three groups (two times or less

per week, 3–6 times per week, and daily or more). Compared with the group with the lowest

consumption, the risk estimates for 3–6 times per week and daily or more were 1.4 (95% CI

0.8–2.4) and 2.3 (95% CI 1.3–4.1), respectively (Ptrend < 0.01).

Long term consumption

Table 4 presents Spearman’s correlation between dietary habits in adolescence and midlife.

The strongest correlation was found for rye bread consumption (ρ = 0.50, P = 0.001) and the

lowest for meat consumption (ρ = -0.19, P = 0.001).

Table 5 presents long term consumption for meat, salted or smoked meat, milk, rye bread,

and oatmeal with low consumption in adolescence and midlife as a reference category. A posi-

tive association was observed for high rye bread consumption in adolescence and midlife (HR

2.1, 95% CI 1.2–3.5). An inverse association was observed between breast cancer risk and high

consumption of oatmeal in both adolescence and midlife (HR 0.4, 95% CI 0.2–0.9) (Ptrend =

0.07). No association was observed between breast cancer and meat, salted or smoked meat

and milk.

Supplementary material—dietary pattern

Four dietary patterns were extracted for the adolescent period. Factor loading coefficients for

those patterns are presented in S1 Table. One pattern containing rye bread in addition to

blood liver sausage, salted meat, salted fish, and oatmeal represents traditional Icelandic diet in

the earlier half of the 20th century. High adherence to this pattern was not significantly associ-

ated with breast cancer risk (HR 1.3 95% CI 0.7–2.1). Borderline inverse association was

observed for the highest adherence to a pattern high in consumption of fish, blood/liver sau-

sage, oatmeal, fish oil, and milk in adolescence (HR 0.6, 95% CI 0.4–1.0) (Ptrend = 0.049) (S2

Table).

Four dietary patterns were also extracted for the midlife period. No association was

observed for any of those patterns, including the dietary pattern including rye bread consump-

tion (data not shown).
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Discussion

In this population based cohort, daily consumption of rye bread during both adolescence and

midlife was positively associated with breast cancer. Conversely, we found reduced risk for

breast cancer among women who consumed oatmeal persistently both in adolescence and

midlife. However, no dietary pattern in either adolescence or midlife that included rye bread

was significantly associated with breast cancer while a pattern in adolescence that represented

fish, blood/liver sausage, oatmeal, fish oil, and milk seemed to be protective for breast cancer.

We also observed borderline risk of breast cancer with high midlife consumption of salted or

smoked meat. No association was found between high milk intake and breast cancer risk in

either period.

To the best of our knowledge, no study has specifically addressed adolescent consumption of

rye bread, a common whole grain product in the Nordic countries, in relation to late-life breast

cancer. A few studies have analyzed total adolescent consumption of lignans, a common phyto-

estrogen in whole grain cereals—such as rye, wheat, oats, and barley—but also in legumes, oil-

seeds, and various fruits and vegetables [37]. A Canadian case control study found that high

adolescent intake of lignans reduced the risk of breast cancer. However, although rye bread was

included in the diet assessment of the study, it was not commonly consumed and these results

can also be confounded by other healthy eating habits [20]. Results from the Nurses’ Health

Study suggest that high consumption of whole grains in adolescence can reduce the risk of pre-

menopausal breast cancer [22]. However, the main difference between this study and ours was

rye bread does not seem to be included in total wholegrain consumption in the Nurse´s Health

Study questionnaire. Also, the women in our cohort were all post-menopausal with a high

mean age at diagnosis, and therefore possibly different carcinogenic process [38].

The few studies on total whole grain consumption in adults and breast cancer have either

suggested a protective [23, 24] or no association [25, 26]. The major difference between most

Table 3. Multivariate analysis of breast cancer risk by meat, milk and whole grain intake in midlife.

Meat Salted or

smoked meat

Milk Rye bread Oatmeal Whole wheat bread

N = 2871 N = 2864 N = 2864 N = 2875 N = 2768 N = 2865

Low High Low High Low High Low High Low High Low High

2 times or
less p/w

3 times or
more p/w

3 times a
month or

less

Once p/w
or more

Less than
daily

Daily or
more

Less than
daily

Daily or
more

4 times or
less p/w

5 times or
more p/w

Less than
daily

Daily or
more

n = 1203 n = 1668 n = 2210 n = 654 n = 1247 n = 1617 n = 1918 n = 957 n = 2094 n = 674 n = 1238 n = 1627

Breast

cancer

(%)

41

(3.4)

56

(3.4)

71

(3.2)

26

(4.0)

41

(3.2)

56

(3.5)

57

(3.0)

40

(4.2)

81

(3.7)

16

(2.3)

44

(3.6)

53

(3.3)

Age

adjusted

HR

1.0 1.0 1.0 1.3 1.0 1.1 1.0 1.5 1.0 0.6 1.0 0.9

(95% CI) (ref.) (0.6–1.5) (ref.) (0.8–2.1) (ref.) (0.7–1.6) (ref.) (1.0–2.3) (ref.) (0.4–1.1) (ref.) (0.6–1.4)

Multivariate

HR�
1.00 1.0 1.0 1.6 1.0 1.1 1.0 1.8 1.0 0.6 1.0 0.8

(95% CI) (ref.) (0.6–1.4) (ref.) (1.0–2.6) (ref.) (0.7–1.7) (ref.) (1.1–2.9) (ref.) (0.4–1.1) (ref.) (0.5–1.3)

Abbreviations: CI, confidence interval; HR, hazard ratio.

�Multivariate HR; adjusted for age at entry, education, body mass index in midlife, alcohol consumption in midlife, age at first child and age at menarche. All food items

under study (meat, salted and smoked meat, milk, rye bread, oatmeal and whole wheat bread) plus information on fish and salted and smoked fish were then added

simultaneously to the multivariate model. The multivariate analysis included 2813 women, thereof 97 with breast cancer.

https://doi.org/10.1371/journal.pone.0198017.t003
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of these and the present study is that we disentangled whole grain consumption into rye,

whole wheat bread and oatmeal. Different types of whole grains contain dissimilar bioactive

compounds [7] which may act differently on breast cancer genesis.

A Danish study [25] reported no association between neither total adult consumption of

whole grains nor when analyzed separately (rye bread, whole grain bread, and oatmeal) with

breast cancer. However, the women in the Danish cohort were younger at study entry and at

diagnosis (average age 56 years) than participants in the AGES-Reykjavik Study (average age

77 years). This might reflect a previously reported difference in characteristics of diagnosed

breast tumors in older women (over 70) compared with those in younger women [38]. Indeed,

we found no association for rye bread when a separate analysis was made for women who

were already diagnosed with breast cancer at study entry (mean age at diagnosis 64 years, data

not shown).

Prolonged exposure to rye bread might therefore possibly explain the observed risk found

in our cohort. Rye bread is rich in lignans, which can be converted into enterolignans by the

gut microbiome. Enterolignans have been suggested to enhance breast cancer risk reduction

[7, 39, 40]. However, they can also express weak estrogenic affinity and can act both as agonists

or antagonists in breast tumors. although this mechanism is considered complex [7, 41–43].

Nevertheless, longitudinal exposure to estrogens, exemplified by early menarche, late meno-

pause, and use of hormonal replacement therapy, are considered as a major risk factors for

breast cancer [44]. Therefore, it may be hypothesized that long term exposure to phytoestro-

gens via rye bread consumption may have a similar effect. Indeed, our analysis on dietary

Table 4. Dietary habits among participants through different time periods.

Adolescence Midlife Spearmans´s ρ P
n (%) n (%)

Rye bread 0.50 0.001

Less than daily 1452 (51) 1918 (67)

Daily or more 1406 (49) 957 (31)

Milk and milk products 0.44 0.001

Less than daily 695 (24) 1247 (44)

Daily or more 2176 (76) 1617 (56)

Meat -0.19 0.001

2 times or less p/w 958 (33) 1203 (42)

3 times or more p/w 1908 (67) 1668 (58)

Salted or smoked meat 0.36 0.001

3 times a month or less 1930 (67) 2210 (77)

Once or more p/w 932 (33) 654 (23)

Oatmeal 0.38 0.001

4 times or less p/w 1791 (63) 2715 (76)

5 times or more p/w 1065 (37) 690 (24)

Vegetables 0.38 0.001

Never 585 (20) 163 (6)

6 times p/w or less 2175 (76) 2845 (87)

Daily 105 (4) 213 (7)

Fruit 0.24 0.001

Never 1013 (36) 114 (4)

6 times p/w or less 1784 (62) 2501 (87)

Daily 68 (2) 256 (9)

https://doi.org/10.1371/journal.pone.0198017.t004
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habits through different time-periods shows that the highest correlation between consumption

in adolescence and midlife was found for rye bread. The rye grain also has some other bioac-

tive compounds of unknown concentration [45] that may be of significance in this context.

Also, common toppings for rye bread, like smoked meat, may contain other potentially carci-

nogenic compounds. Furthermore, potentially carcinogenic compounds could be formed

when the old-style rye flatbread, a traditional Icelandic bread included in the question on rye

bread, is baked or charred directly on a hot plate. Thus, these data point towards carcinogenic

effects of some compounds in the rye bread or its cooking method. However, no significant

results were observed for any dietary pattern that included high rye bread consumption, nei-

ther in adolescence nor the midlife period, suggesting that rye bread in the total diet might not

be of major concern for cancer risk.

Table 5. Breast cancer risk by longitudinal intake of meat, milk and whole grains.

Adolescence Midlife N Breast cancer (%) Age adjusted HR (95% CI) Multivariate HR

(95% CI)�

Meat

Low Low 275 5 (1.8) 1.0, (ref.) 1.0, (ref.)

Low High 681 23 (3.4) 1.8 (0.7–4.8) 1.9 (0.7–5.2.1)

High Low 921 35 (3.8) 2.1 (0.8–5.4) 2.0 (0.9–5.6)

High High 980 33 (3.4) 1.8 (0.7–4.7) 2.0 (0.8–5.3)

Salted or smoked meat

Low Low 1682 52 (3.1) 1.0, (ref.) 1.0, (ref.)

Low High 239 9 (3.8) 1.3 (0.6–2.6) 1.3 (0.6–2.6)

High Low 517 19 (3.7) 1.2 (0.7–2.1) 1.4 (0.8–2.5)

High High 412 17 (4.1) 1.4 (0.8–2.5) 1.6 (0.8–2.9)

Milk

Low Low 567 24 (4.2) 1.0, (ref.) 1.0, (ref.)

Low High 122 5 (4.1) 1.0 (0.4–2.5) 0.9 (0.3–2.4)

High Low 674 17 (2.5) 0.6 (0.3–1.1) 0.6 (0.3–1.1)

High High 1492 51 (3.4) 0.8 (0.5–1.3) 0.8 (0.5–1.3)

Rye bread

Low Low 1304 34 (2.6) 1.0, (ref.) 1.0, (ref.)

Low High 145 7 (4.8) 2.1 (0.9–4.8) 2.4 (1.0–5.4)

High Low 597 22 (3.7) 1.5 (0.9–2.6) 1.7 (1.0–3.0)

High High 807 33 (4.1) 1.7 (1.0–2.8) 2.1 (1.2–3.5)

Oatmeal

Low Low 1577 59 (3.7) 1.0, (ref.) 1.0, (ref.)

Low High 206 9 (4.4) 1.1 (0.6–2.3) 1.0 (0.5–2.1)

High Low 584 22 (3.8) 1.0 (0.6–1.7) 1.0 (0.6–1.7)

High High 478 7 (1.5) 0.4 (0.2–0.9) 0.4 (0.2–0.9)

Abbreviations: CI, confidence interval; HR, hazard ratio.

For meat; low stands for 2 times or less p/w; high for 3 times or more p/w.

For salted or smoked meat; low stands for 3 times a month or less; high stands for once p/w or more.

For oatmeal; low stands for 4 times and less p/w; high stands for 5 times or more p/w.

For milk and rye bread low stands for less than daily; high stands for daily or more.

�Multivariate HR; adjusted for age at entry, education, body mass index in midlife, age at first child and age at menarche. With the exception of the food item under

study each time—all other food items in adolescence (meat, salted and smoked meat, milk, rye bread, oatmeal) plus information on fish and salted and smoked fish in

adolescence were then added simultaneously to the multivariate model.

All multivariate analysis includes 95 breast cancer events.

https://doi.org/10.1371/journal.pone.0198017.t005
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In contrast to our results on rye bread, frequent long-term consumption of oatmeal was

found to be protective against breast cancer. Similar to rye, yet containing only half the

amount of phytoestrogen [7], oatmeal is rich in fiber, which is thought to reduce breast can-

cer risk via multiple pathways [46–48]. Indeed, two studies on fiber intake in adolescence

and early adulthood found an inverse association with breast cancer [19, 49]. However,

when analyzed separately, only fiber from fruit and vegetables was protective effects against

breast cancer in one study [19] whereas the main sources of fiber in the other study were

not clear [49]. Although we cannot exclude the influence of fiber to be responsible for our

beneficial results, oatmeal also contains multiple bioactive compounds, including the poly-

saccharide beta-glucan, which is proposed to have some anticancer properties. However,

data on this association is still limited [50, 51]. The inclusion of muesli as part of the ques-

tion on oatmeal might also act as proxy for consumption of other healthy food items. This is

further supported by the borderline risk reduction for breast cancer found with high adher-

ence to a dietary pattern in adolescence that included oatmeal, fish, fish oil, milk, and

blood- and liver sausage. This further indicates possible anticancer properties of oatmeal

and possible other food items in that particular dietary pattern.

A major strength of our study is the prospective design and the well-established popula-

tion-based AGES cohort with its extensive covariate information. The record linkage to the

nationwide Cancer Registry of Iceland ensures detailed and valid assessment of the out-

come with a virtually complete follow-up [35], where all participants had equal access to

the public health care system at study entry. Also, the especially designed validated FFQ

used for assessment of food consumption in adolescence and midlife additionally gives a

rare opportunity for evaluation of longitudinal consumption in relation to cancer diagno-

sis. However, the FFQ used has only crude information on quantity of food items con-

sumed and we are not able to adjust for cooking methods, single nutrients, total intake of

fat, fiber, and energy and we do not have information on types or quantities of condiments.

Also, the dietary data are retrospective in nature and there is always risk of non-differential

recall bias when dietary habits 40–50 years earlier are assessed [52]. Validation for the ado-

lescent period is not possible. However, food-related memory from childhood to four

decades later have been found to be accurate as food-related memory of current diet, espe-

cially for food items eaten rarely or daily [53]. Indeed, our data somewhat represents the

residency based difference that existed in Iceland and it should be noted that diet in Iceland

during the adolescent period was quite simple, with very few food items available and little

day to day variation [5],making the recall easier. The results of the validation study for mid-

life FFQ did however find low correlation for rye bread consumption (r = 0.507, p = 0.066).

Furthermore, as our results are based on older women diagnosed with breast cancer, we

cannot draw any firm conclusion for women diagnosed earlier in life. We also do not have

information on age of menopause or BMI for adolescence. Finally, we cannot exclude any

unmeasured confounding affecting our results or that our findings are due to chance.

Conclusion

In conclusion, our results suggest that rye bread consumption in both adolescence and midlife

is associated with increased risk of breast cancer diagnosed late in life. Conversely, persistent

high consumption of oatmeal in adolescence and midlife was associated with decreased risk.

Collectively, these data suggest that dietary exposure during both adolescence and midlife

period might be critical for breast cancer development in older women. These associations

need to be confirmed in future studies, and our findings also call for further studies on poten-

tial mechanisms involved.

Rye bread intake in adolescence and midlife and risk of breast cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0198017 May 30, 2018 12 / 16

https://doi.org/10.1371/journal.pone.0198017


Supporting information

S1 Table. Factor loading coefficient for dietary pattern in adolescence.

(DOCX)

S2 Table. Hazard ratios (HR) and 95% confidence intervals (95% CI) for breast cancer

diagnoses by tertiles of dietary pattern in adolescence.

(DOCX)

Author Contributions

Data curation: Laufey Tryggvadottir, Tamara B. Harris, Lenore J. Launer, Vilmundur

Gudnason.

Formal analysis: Alfheidur Haraldsdottir, Marianna Thordardottir.

Methodology: Alfheidur Haraldsdottir, Johanna E. Torfadottir, Unnur A. Valdimarsdottir,

Hans-Olov Adami, Thor Aspelund, Marianna Thordardottir, Bryndis E. Birgisdottir, Lau-

fey Steingrimsdottir.

Project administration: Johanna E. Torfadottir, Unnur A. Valdimarsdottir, Laufey

Steingrimsdottir.

Supervision: Johanna E. Torfadottir, Laufey Steingrimsdottir.

Writing – original draft: Alfheidur Haraldsdottir.

Writing – review & editing: Johanna E. Torfadottir, Unnur A. Valdimarsdottir, Hans-Olov

Adami, Thor Aspelund, Laufey Tryggvadottir, Marianna Thordardottir, Bryndis E. Birgis-

dottir, Vilmundur Gudnason, Laufey Steingrimsdottir.

References
1. Colditz GA, Bohlke K, Berkey CS. Breast cancer risk accumulation starts early: prevention must also.

Breast cancer research and treatment. 2014; 145(3):567–79. Epub 2014/05/14. https://doi.org/10.

1007/s10549-014-2993-8 PMID: 24820413; PubMed Central PMCID: PMCPmc4079839.

2. Colditz GA, Frazier AL. Models of breast cancer show that risk is set by events of early life: prevention

efforts must shift focus. Cancer epidemiology, biomarkers & prevention: a publication of the American

Association for Cancer Research, cosponsored by the American Society of Preventive Oncology. 1995;

4(5):567–71. Epub 1995/07/01. PMID: 7549816.

3. Rossi RE, Pericleous M, Mandair D, Whyand T, Caplin ME. The role of dietary factors in prevention and

progression of breast cancer. Anticancer Res. 2014; 34(12):6861–75. Epub 2014/12/17. PMID:

25503112.

4. Fuemmeler BF, Pendzich MK, Tercyak KP. Weight, dietary behavior, and physical activity in childhood

and adolescence: implications for adult cancer risk. Obesity facts. 2009; 2(3):179–86. Epub 2010/01/

08. https://doi.org/10.1159/000220605 PMID: 20054223; PubMed Central PMCID: PMC2924235.

5. Sigurjonsson J. Survey on Diet and Health in Iceland (1939–1940) Reykjavik: 1943.

6. Abid Z, Cross AJ, Sinha R. Meat, dairy, and cancer. The American journal of clinical nutrition. 2014; 100

Suppl 1:386s–93s. Epub 2014/05/23. https://doi.org/10.3945/ajcn.113.071597 PMID: 24847855;

PubMed Central PMCID: PMCPMC4144110.

7. Adlercreutz H. Lignans and human health. Crit Rev Clin Lab Sci. 2007; 44(5–6):483–525. Epub 2007/

10/19. https://doi.org/10.1080/10408360701612942 PMID: 17943494.

8. Farvid MS, Cho E, Chen WY, Eliassen AH, Willett WC. Dietary protein sources in early adulthood and

breast cancer incidence: prospective cohort study. BMJ (Clinical research ed). 2014; 348:g3437. Epub

2014/06/12. https://doi.org/10.1136/bmj.g3437 PMID: 24916719; PubMed Central PMCID:

PMCPmc4051890.

9. Farvid MS, Cho E, Chen WY, Eliassen AH, Willett WC. Adolescent meat intake and breast cancer risk.

International journal of cancer. 2015; 136(8):1909–20. Epub 2014/09/16. https://doi.org/10.1002/ijc.

29218 PMID: 25220168; PubMed Central PMCID: PMCPmc4342753.

Rye bread intake in adolescence and midlife and risk of breast cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0198017 May 30, 2018 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198017.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198017.s002
https://doi.org/10.1007/s10549-014-2993-8
https://doi.org/10.1007/s10549-014-2993-8
http://www.ncbi.nlm.nih.gov/pubmed/24820413
http://www.ncbi.nlm.nih.gov/pubmed/7549816
http://www.ncbi.nlm.nih.gov/pubmed/25503112
https://doi.org/10.1159/000220605
http://www.ncbi.nlm.nih.gov/pubmed/20054223
https://doi.org/10.3945/ajcn.113.071597
http://www.ncbi.nlm.nih.gov/pubmed/24847855
https://doi.org/10.1080/10408360701612942
http://www.ncbi.nlm.nih.gov/pubmed/17943494
https://doi.org/10.1136/bmj.g3437
http://www.ncbi.nlm.nih.gov/pubmed/24916719
https://doi.org/10.1002/ijc.29218
https://doi.org/10.1002/ijc.29218
http://www.ncbi.nlm.nih.gov/pubmed/25220168
https://doi.org/10.1371/journal.pone.0198017


10. Linos E, Willett WC, Cho E, Colditz G, Frazier LA. Red meat consumption during adolescence among

premenopausal women and risk of breast cancer. Cancer epidemiology, biomarkers & prevention: a

publication of the American Association for Cancer Research, cosponsored by the American Society of

Preventive Oncology. 2008; 17(8):2146–51. Epub 2008/08/02. https://doi.org/10.1158/1055-9965.epi-

08-0037 PMID: 18669582.

11. Guo J, Wei W, Zhan L. Red and processed meat intake and risk of breast cancer: a meta-analysis of

prospective studies. Breast cancer research and treatment. 2015; 151(1):191–8. Epub 2015/04/22.

https://doi.org/10.1007/s10549-015-3380-9 PMID: 25893586.

12. Inoue-Choi M, Sinha R, Gierach GL, Ward MH. Red and processed meat, nitrite, and heme iron intakes

and postmenopausal breast cancer risk in the NIH-AARP Diet and Health Study. International journal of

cancer. 2016; 138(7):1609–18. Epub 2015/10/28. https://doi.org/10.1002/ijc.29901 PMID: 26505173;

PubMed Central PMCID: PMCPMC4724256.

13. Hjartaker A, Thoresen M, Engeset D, Lund E. Dairy consumption and calcium intake and risk of breast

cancer in a prospective cohort: the Norwegian Women and Cancer study. Cancer causes & control:

CCC. 2010; 21(11):1875–85. Epub 2010/07/27. https://doi.org/10.1007/s10552-010-9615-5 PMID:

20658314; PubMed Central PMCID: PMCPMC2959158.

14. Potischman N, Weiss HA, Swanson CA, Coates RJ, Gammon MD, Malone KE, et al. Diet during ado-

lescence and risk of breast cancer among young women. Journal of the National Cancer Institute.

1998; 90(3):226–33. Epub 1998/02/14. PMID: 9462680.

15. Hislop TG, Coldman AJ, Elwood JM, Brauer G, Kan L. Childhood and recent eating patterns and risk of

breast cancer. Cancer Detect Prev. 1986; 9(1–2):47–58. Epub 1986/01/01. PMID: 3731194.

16. van der Pols JC, Bain C, Gunnell D, Smith GD, Frobisher C, Martin RM. Childhood dairy intake and

adult cancer risk: 65-y follow-up of the Boyd Orr cohort. The American journal of clinical nutrition. 2007;

86(6):1722–9. Epub 2007/12/11. https://doi.org/10.1093/ajcn/86.5.1722 PMID: 18065592.

17. Zang J, Shen M, Du S, Chen T, Zou S. The Association between Dairy Intake and Breast Cancer in

Western and Asian Populations: A Systematic Review and Meta-Analysis. J Breast Cancer. 2015; 18

(4):313–22. Epub 2016/01/16. https://doi.org/10.4048/jbc.2015.18.4.313 PMID: 26770237; PubMed

Central PMCID: PMCPmc4705082.

18. Dong JY, Zhang L, He K, Qin LQ. Dairy consumption and risk of breast cancer: a meta-analysis of pro-

spective cohort studies. Breast cancer research and treatment. 2011; 127(1):23–31. Epub 2011/03/29.

https://doi.org/10.1007/s10549-011-1467-5 PMID: 21442197.

19. Farvid MS, Eliassen AH, Cho E, Liao X, Chen WY, Willett WC. Dietary Fiber Intake in Young Adults and

Breast Cancer Risk. Pediatrics. 2016; 137(3):1–11. Epub 2016/02/26. https://doi.org/10.1542/peds.

2015-1226 PMID: 26908709.

20. Thanos J, Cotterchio M, Boucher BA, Kreiger N, Thompson LU. Adolescent dietary phytoestrogen

intake and breast cancer risk (Canada). Cancer causes & control: CCC. 2006; 17(10):1253–61. Epub

2006/11/18. https://doi.org/10.1007/s10552-006-0062-2 PMID: 17111256.

21. Hallmans G, Zhang JX, Lundin E, Stattin P, Johansson A, Johansson I, et al. Rye, lignans and human

health. The Proceedings of the Nutrition Society. 2003; 62(1):193–9. Epub 2003/05/17. PMID: 12749346.

22. Farvid MS, Cho E, Eliassen AH, Chen WY, Willett WC. Lifetime grain consumption and breast cancer

risk. Breast cancer research and treatment. 2016; 159(2):335–45. Epub 2016/08/12. https://doi.org/10.

1007/s10549-016-3910-0 PMID: 27510186; PubMed Central PMCID: PMCPMC5014619.

23. Chatenoud L, Tavani A, La Vecchia C, Jacobs DR Jr., Negri E, Levi F, et al. Whole grain food intake

and cancer risk. International journal of cancer. 1998; 77(1):24–8. Epub 1998/06/25. PMID: 9639389.

24. Mourouti N, Kontogianni MD, Papavagelis C, Psaltopoulou T, Kapetanstrataki MG, Plytzanopoulou P,

et al. Whole Grain Consumption and Breast Cancer: A Case-Control Study in Women. Journal of the

American College of Nutrition. 2016; 35(2):143–9. Epub 2015/04/29. https://doi.org/10.1080/07315724.

2014.963899 PMID: 25915188.

25. Egeberg R, Olsen A, Loft S, Christensen J, Johnsen NF, Overvad K, et al. Intake of whole grain prod-

ucts and risk of breast cancer by hormone receptor status and histology among postmenopausal

women. International journal of cancer. 2009; 124(3):745–50. Epub 2008/11/13. https://doi.org/10.

1002/ijc.23992 PMID: 19004010.

26. Nicodemus KK, Jacobs DR Jr., Folsom AR. Whole and refined grain intake and risk of incident post-

menopausal breast cancer (United States). Cancer causes & control: CCC. 2001; 12(10):917–25. Epub

2002/01/26. PMID: 11808711.

27. Haraldsdottir A, Steingrimsdottir L, Valdimarsdottir U, Aspelund T, Tryggvadottir L, Harris TB, et al.

Early life residence, fish consumption and risk of breast cancer. Cancer epidemiology, biomarkers &

prevention: a publication of the American Association for Cancer Research, cosponsored by the Ameri-

can Society of Preventive Oncology. 2016. Epub 2016/10/22. https://doi.org/10.1158/1055-9965.epi-

16-0473-t PMID: 27765796.

Rye bread intake in adolescence and midlife and risk of breast cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0198017 May 30, 2018 14 / 16

https://doi.org/10.1158/1055-9965.epi-08-0037
https://doi.org/10.1158/1055-9965.epi-08-0037
http://www.ncbi.nlm.nih.gov/pubmed/18669582
https://doi.org/10.1007/s10549-015-3380-9
http://www.ncbi.nlm.nih.gov/pubmed/25893586
https://doi.org/10.1002/ijc.29901
http://www.ncbi.nlm.nih.gov/pubmed/26505173
https://doi.org/10.1007/s10552-010-9615-5
http://www.ncbi.nlm.nih.gov/pubmed/20658314
http://www.ncbi.nlm.nih.gov/pubmed/9462680
http://www.ncbi.nlm.nih.gov/pubmed/3731194
https://doi.org/10.1093/ajcn/86.5.1722
http://www.ncbi.nlm.nih.gov/pubmed/18065592
https://doi.org/10.4048/jbc.2015.18.4.313
http://www.ncbi.nlm.nih.gov/pubmed/26770237
https://doi.org/10.1007/s10549-011-1467-5
http://www.ncbi.nlm.nih.gov/pubmed/21442197
https://doi.org/10.1542/peds.2015-1226
https://doi.org/10.1542/peds.2015-1226
http://www.ncbi.nlm.nih.gov/pubmed/26908709
https://doi.org/10.1007/s10552-006-0062-2
http://www.ncbi.nlm.nih.gov/pubmed/17111256
http://www.ncbi.nlm.nih.gov/pubmed/12749346
https://doi.org/10.1007/s10549-016-3910-0
https://doi.org/10.1007/s10549-016-3910-0
http://www.ncbi.nlm.nih.gov/pubmed/27510186
http://www.ncbi.nlm.nih.gov/pubmed/9639389
https://doi.org/10.1080/07315724.2014.963899
https://doi.org/10.1080/07315724.2014.963899
http://www.ncbi.nlm.nih.gov/pubmed/25915188
https://doi.org/10.1002/ijc.23992
https://doi.org/10.1002/ijc.23992
http://www.ncbi.nlm.nih.gov/pubmed/19004010
http://www.ncbi.nlm.nih.gov/pubmed/11808711
https://doi.org/10.1158/1055-9965.epi-16-0473-t
https://doi.org/10.1158/1055-9965.epi-16-0473-t
http://www.ncbi.nlm.nih.gov/pubmed/27765796
https://doi.org/10.1371/journal.pone.0198017


28. Torfadottir JE, Steingrimsdottir L, Mucci L, Aspelund T, Kasperzyk JL, Olafsson O, et al. Milk intake in

early life and risk of advanced prostate cancer. American journal of epidemiology. 2012; 175(2):144–

53. Epub 2011/12/23. https://doi.org/10.1093/aje/kwr289 PMID: 22190107; PubMed Central PMCID:

PMCPmc3249408.

29. Torfadottir JE, Valdimarsdottir UA, Mucci L, Stampfer M, Kasperzyk JL, Fall K, et al. Rye bread con-

sumption in early life and reduced risk of advanced prostate cancer. Cancer causes & control: CCC.

2012; 23(6):941–50. Epub 2012/04/25. https://doi.org/10.1007/s10552-012-9965-2 PMID: 22527172;

PubMed Central PMCID: PMCPmc3568695.

30. Torfadottir JE, Valdimarsdottir UA, Mucci LA, Kasperzyk JL, Fall K, Tryggvadottir L, et al. Consumption

of fish products across the lifespan and prostate cancer risk. PLoS One. 2013; 8(4):e59799. Epub

2013/04/25. https://doi.org/10.1371/journal.pone.0059799 PMID: 23613715; PubMed Central PMCID:

PMCPmc3629172.

31. Bjornson G BO, Davidsson D, Kristjansson B Th, Olafsson O, Sigfusson N, Thorsteinsson Th. Report

abc XXIV. Health Survey in the Reykjavik area. Women. Stages I-II. 1968–69, 1971–72 and 1976–78.

Participants, invitation, response etc. Reykjavik: Hjartavernd, 1982.

32. Harris TB, Launer LJ, Eiriksdottir G, Kjartansson O, Jonsson PV, Sigurdsson G, et al. Age, Gene/Envi-

ronment Susceptibility-Reykjavik Study: multidisciplinary applied phenomics. American journal of epide-

miology. 2007; 165(9):1076–87. Epub 2007/03/14. https://doi.org/10.1093/aje/kwk115 PMID:

17351290; PubMed Central PMCID: PMCPmc2723948.

33. Eysteinsdottir T, Gunnarsdottir I, Thorsdottir I, Harris T, Launer LJ, Gudnason V, et al. Validity of retro-

spective diet history: assessing recall of midlife diet using food frequency questionnaire in later life. J

Nutr Health Aging. 2011; 15(10):809–14. Epub 2011/12/14. PMID: 22159766.

34. Eysteinsdottir T, Thorsdottir I, Gunnarsdottir I, Steingrimsdottir L. Assessing validity of a short food fre-

quency questionnaire on present dietary intake of elderly Icelanders. Nutrition journal. 2012; 11:12.

Epub 2012/03/15. https://doi.org/10.1186/1475-2891-11-12 PMID: 22413931; PubMed Central PMCID:

PMCPmc3349496.

35. Sigurdardottir LG, Jonasson JG, Stefansdottir S, Jonsdottir A, Olafsdottir GH, Olafsdottir EJ, et al. Data

quality at the Icelandic Cancer Registry: comparability, validity, timeliness and completeness. Acta

Oncol. 2012; 51(7):880–9. Epub 2012/09/15. https://doi.org/10.3109/0284186X.2012.698751 PMID:

22974093.

36. Newby PK, Tucker KL. Empirically derived eating patterns using factor or cluster analysis: a review.

Nutrition reviews. 2004; 62(5):177–203. Epub 2004/06/24. PMID: 15212319.

37. Smeds AI, Eklund PC, Sjoholm RE, Willfor SM, Nishibe S, Deyama T, et al. Quantification of a broad

spectrum of lignans in cereals, oilseeds, and nuts. Journal of agricultural and food chemistry. 2007; 55

(4):1337–46. Epub 2007/01/31. https://doi.org/10.1021/jf0629134 PMID: 17261017.

38. Benz CC. Impact of aging on the biology of breast cancer. Crit Rev Oncol Hematol. 2008; 66(1):65–74.

Epub 2007/10/24. https://doi.org/10.1016/j.critrevonc.2007.09.001 PMID: 17949989; PubMed Central

PMCID: PMCPmc2626623.

39. Adlercreutz H. Can rye intake decrease risk of human breast cancer? Food Nutr Res. 2010; 54. Epub

2011/02/12. https://doi.org/10.3402/fnr.v54i0.5231 PMID: 21311613; PubMed Central PMCID:

PMCPmc3037245.

40. Adlercreutz H. Phyto-oestrogens and cancer. Lancet Oncol. 2002; 3(6):364–73. Epub 2002/07/11.

PMID: 12107024.

41. Rice S, Whitehead SA. Phytoestrogens and breast cancer—promoters or protectors? Endocr Relat

Cancer. 2006; 13(4):995–1015. Epub 2006/12/13. https://doi.org/10.1677/erc.1.01159 PMID:

17158751.

42. Kuiper GG, Lemmen JG, Carlsson B, Corton JC, Safe SH, van der Saag PT, et al. Interaction of estro-

genic chemicals and phytoestrogens with estrogen receptor beta. Endocrinology. 1998; 139(10):4252–

63. Epub 1998/09/29. https://doi.org/10.1210/endo.139.10.6216 PMID: 9751507.

43. Henderson BE, Feigelson HS. Hormonal carcinogenesis. Carcinogenesis. 2000; 21(3):427–33. Epub

2000/02/26. PMID: 10688862.

44. Hankinson SE, Eliassen AH. Endogenous estrogen, testosterone and progesterone levels in relation to

breast cancer risk. J Steroid Biochem Mol Biol. 2007; 106(1–5):24–30. Epub 2007/08/28. https://doi.

org/10.1016/j.jsbmb.2007.05.012 PMID: 17719770; PubMed Central PMCID: PMCPmc2715949.

45. Belobrajdic DP, Bird AR. The potential role of phytochemicals in wholegrain cereals for the prevention

of type-2 diabetes. Nutrition journal. 2013; 12:62. Epub 2013/05/18. https://doi.org/10.1186/1475-2891-

12-62 PMID: 23679924; PubMed Central PMCID: PMCPMC3658901.

46. Rose DP, Goldman M, Connolly JM, Strong LE. High-fiber diet reduces serum estrogen concentrations

in premenopausal women. Am J Clin Nutr. 1991; 54(3):520–5. Epub 1991/09/01. https://doi.org/10.

1093/ajcn/54.3.520 PMID: 1652197.

Rye bread intake in adolescence and midlife and risk of breast cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0198017 May 30, 2018 15 / 16

https://doi.org/10.1093/aje/kwr289
http://www.ncbi.nlm.nih.gov/pubmed/22190107
https://doi.org/10.1007/s10552-012-9965-2
http://www.ncbi.nlm.nih.gov/pubmed/22527172
https://doi.org/10.1371/journal.pone.0059799
http://www.ncbi.nlm.nih.gov/pubmed/23613715
https://doi.org/10.1093/aje/kwk115
http://www.ncbi.nlm.nih.gov/pubmed/17351290
http://www.ncbi.nlm.nih.gov/pubmed/22159766
https://doi.org/10.1186/1475-2891-11-12
http://www.ncbi.nlm.nih.gov/pubmed/22413931
https://doi.org/10.3109/0284186X.2012.698751
http://www.ncbi.nlm.nih.gov/pubmed/22974093
http://www.ncbi.nlm.nih.gov/pubmed/15212319
https://doi.org/10.1021/jf0629134
http://www.ncbi.nlm.nih.gov/pubmed/17261017
https://doi.org/10.1016/j.critrevonc.2007.09.001
http://www.ncbi.nlm.nih.gov/pubmed/17949989
https://doi.org/10.3402/fnr.v54i0.5231
http://www.ncbi.nlm.nih.gov/pubmed/21311613
http://www.ncbi.nlm.nih.gov/pubmed/12107024
https://doi.org/10.1677/erc.1.01159
http://www.ncbi.nlm.nih.gov/pubmed/17158751
https://doi.org/10.1210/endo.139.10.6216
http://www.ncbi.nlm.nih.gov/pubmed/9751507
http://www.ncbi.nlm.nih.gov/pubmed/10688862
https://doi.org/10.1016/j.jsbmb.2007.05.012
https://doi.org/10.1016/j.jsbmb.2007.05.012
http://www.ncbi.nlm.nih.gov/pubmed/17719770
https://doi.org/10.1186/1475-2891-12-62
https://doi.org/10.1186/1475-2891-12-62
http://www.ncbi.nlm.nih.gov/pubmed/23679924
https://doi.org/10.1093/ajcn/54.3.520
https://doi.org/10.1093/ajcn/54.3.520
http://www.ncbi.nlm.nih.gov/pubmed/1652197
https://doi.org/10.1371/journal.pone.0198017


47. Barnard RJ, Gonzalez JH, Liva ME, Ngo TH. Effects of a low-fat, high-fiber diet and exercise program

on breast cancer risk factors in vivo and tumor cell growth and apoptosis in vitro. Nutr Cancer. 2006; 55

(1):28–34. Epub 2006/09/13. https://doi.org/10.1207/s15327914nc5501_4 PMID: 16965238.

48. Breneman CB, Tucker L. Dietary fibre consumption and insulin resistance—the role of body fat and

physical activity. Br J Nutr. 2013; 110(2):375–83. Epub 2012/12/12. https://doi.org/10.1017/

S0007114512004953 PMID: 23218116.

49. Liu Y, Colditz GA, Cotterchio M, Boucher BA, Kreiger N. Adolescent dietary fiber, vegetable fat, vegeta-

ble protein, and nut intakes and breast cancer risk. Breast cancer research and treatment. 2014; 145

(2):461–70. Epub 2014/04/17. https://doi.org/10.1007/s10549-014-2953-3 PMID: 24737167; PubMed

Central PMCID: PMCPmc4079116.

50. Aleem E. beta-Glucans and their applications in cancer therapy: focus on human studies. Anti-cancer

agents in medicinal chemistry. 2013; 13(5):709–19. Epub 2012/11/13. PMID: 23140353.

51. Choromanska A, Kulbacka J, Rembialkowska N, Pilat J, Oledzki R, Harasym J, et al. Anticancer proper-

ties of low molecular weight oat beta-glucan—An in vitro study. International journal of biological macro-

molecules. 2015; 80:23–8. Epub 2015/06/21. https://doi.org/10.1016/j.ijbiomac.2015.05.035 PMID:

26092171.

52. Friedenreich CM, Slimani N, Riboli E. Measurement of past diet: review of previous and proposed meth-

ods. Epidemiol Rev. 1992; 14:177–96. Epub 1992/01/01. PMID: 1289112.

53. Dwyer JT, Coleman KA. Insights into dietary recall from a longitudinal study: accuracy over four

decades. The American journal of clinical nutrition. 1997; 65(4 Suppl):1153s–8s. Epub 1997/04/01.

https://doi.org/10.1093/ajcn/65.4.1153S PMID: 9094913.

Rye bread intake in adolescence and midlife and risk of breast cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0198017 May 30, 2018 16 / 16

https://doi.org/10.1207/s15327914nc5501_4
http://www.ncbi.nlm.nih.gov/pubmed/16965238
https://doi.org/10.1017/S0007114512004953
https://doi.org/10.1017/S0007114512004953
http://www.ncbi.nlm.nih.gov/pubmed/23218116
https://doi.org/10.1007/s10549-014-2953-3
http://www.ncbi.nlm.nih.gov/pubmed/24737167
http://www.ncbi.nlm.nih.gov/pubmed/23140353
https://doi.org/10.1016/j.ijbiomac.2015.05.035
http://www.ncbi.nlm.nih.gov/pubmed/26092171
http://www.ncbi.nlm.nih.gov/pubmed/1289112
https://doi.org/10.1093/ajcn/65.4.1153S
http://www.ncbi.nlm.nih.gov/pubmed/9094913
https://doi.org/10.1371/journal.pone.0198017

