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Abstract

Background—Little is known about fish intake throughout the life course and the risk of breast 

cancer.

Methods—We used data on the first residence of 9,340 women born 1908–1935 in the Reykjavik 

Study as well as food frequency data for different periods of life from a subgroup of the cohort 

entering the AGES-Reykjavik Study (n = 2,882).

Results—During a mean follow-up of 27.3 years, 744 women were diagnosed with breast cancer 

in the Reykjavik Study. An inverse association of breast cancer was observed among women who 

lived through the puberty period in coastal villages, compared with women residing in the capital 

area (HR = 0.78, 95% CI: 0.61, 0.99). In the subgroup analysis of this Icelandic population, 

generally characterized by high fish intake, we found an indication of lower risk of breast cancer 

among women with high fish consumption (more than 4 portions per week) in adolescence (HR 

0.71, 95% CI, 0.44, 1.13) and midlife (HR 0.46, 95% CI, 0.22, 0.97), compared with low 

consumers (2 portions per week or less). No association was found for fish liver oil consumption 

in any time period which could be due to lack of a reference group with low omega-3 fatty acids 

intake in the study group.
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Conclusion—Our findings suggest that very high fish consumption in early to midlife may be 

associated with a reduced risk of breast cancer.

Impact—Very high fish consumption in early adulthood to midlife may be associated with 

decreased risk of breast cancer.
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Introduction

Increasing evidence suggests that dietary factors play an important role in both the 

prevention and development of breast cancer (1), although no clear relation has been 

established (2). A meta-analysis from 2013 examined the association between breast cancer 

and intake of fish as well as n-3 polyunsaturated fatty acids (n-3 PUFA) (3). A risk reduction 

for breast cancer was observed for high intake of marine derived omega-3 PUFA, mainly 

consisting of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). No association 

was found for total fish consumption, where information on different species (lean and fatty 

fish) was lacking (3) Recent studies have also reported non-significant association between 

total fish intake and breast cancer (4–6). The associations between hormone receptor status 

of breast tumors and fish consumption are unclear (7).

A possible explanation for inconsistent results could be the timing of the exposure 

measurement. Cancers can have a long latency period from initiation to cancer detection, 

making different exposure periods of potential importance, rather than just around the time 

of detection (8). Dietary habits in early life, especially around puberty when the mammary 

tissue is growing and maturing (9–11), may therefore be of significance for breast cancer 

risk.

Few studies have specifically explored the potential link between fish consumption in 

adolescence and breast cancer risk and none of these studies has reported significant 

associations (12–15). Some (16, 17), but not all studies (15), on vitamin D, an important 

component in certain types of fish, have reported an inverse association with breast cancer in 

the adolescent period. However, studying dietary exposure in early-life is challenging due to 

the need for follow-up for many decades or alternatively, relying on dietary data from distant 

recall which are often susceptible to bias (18).

According to an Icelandic dietary survey from 1939–1940, dietary patterns differed greatly 

between rural and coastal areas in the early and mid-20th century. In this population, 

characterized by high fish intake, fish consumption was substantially higher in coastal 

villages than in other parts of the country. For example, average fish consumption was 140 

grams per day (g/d) in rural areas, 213 g/d in the capital area and 354 g/d in coastal villages 

(19). Parallel to our earlier studies on prostate cancer (20–22), this variation provides us with 

a unique opportunity to prospectively explore the impact of high fish consumption in 

adolescence on the risk of breast cancer. By using the population-based data of the 

Reykjavik Study, we investigated whether residence (as a proxy for diet) in adolescence was 
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associated with the risk of breast cancer. Furthermore, using validated food frequency data 

from a subgroup of the Reykjavik Study participating in the Age, Gene/Environment 

Susceptibility (AGES) Study, our aim was to explore whether diet in both adolescence and 

midlife was associated with breast cancer risk.

Materials and Methods

Residence analysis—Reykjavik Study

Population—The Reykjavik Study is a population-based prospective cohort. The Icelandic 

Heart Association initiated the study in 1967. All women born between 1908 and 1935 and 

living in the capital area in December 1966 were invited to participate (23). 10,049 women 

entered the study (71% response rate), in six stages from 1967 until 1996 (24). We excluded 

women who were diagnosed with breast cancer prior to entry and for who follow-up was 

incomplete (n = 145).

Exposure assessment—Classification of residence—Participants provided 

information on residence at birth and throughout their lives. Classification of early residence 

has been described in our earlier studies (20). In short, every community (n = 245) in Iceland 

was classified into 4 categories: capital area, coastal villages, rural areas, and combinations 

of coastal villages and rural areas (20). We excluded participants without available 

information on residence (n= 238) and those whose first residence was a combination of 

coastal village and rural area (n=341), since it would be hard to draw any dietary based 

conclusions for this particular group. This left 9340 women in the residence analysis.

Covariate assessment—Reykjavik Study—From the Reykjavik Study we retrieved 

baseline information on age at entry (continuous), height (continuous), year of birth (1908–

1914, 1915–1919, 1920–1924, 1925–1929, 1930–1935), education (primary, secondary, 

college/university), body mass index (BMI)(continuous), parity (no children, 1–2, 3 and 

more), and physical activity (no, yes) (see table 1).

Covariate assessment—Cancer Detection Clinic Cohort—Since data on 

reproductive history were generally not collected in the Reykjavik Study, information on 

potential reproductive confounders for breast cancer was obtained from the Cancer 

Detection Clinic Cohort (CDC cohort), established 1964. This cohort includes data collected 

as part of nationwide, centralized cervical- and breast cancer screening programs. All 

Icelandic women aged 20 – 69 years are invited to visit the CDC every other year for 

screening cancer of the cervix (from the age of 20) and breast (from 40 years of age) (25). 

When data from the two cohorts were linked, about 91% of women in the Reykjavik Study 

had attended the Cancer Detection Clinic at least once. For this study, information closest to 

the study´s endpoint (breast cancer diagnosis, death, or end of the year 2013) was retrieved 

and linked with our data. From the CDC cohort we primarily retrieved information on age at 

menarche (continuous) and age at first birth (none, 24 and younger, 25 and older). The 

variable "age at menarche" had 933 missing values. The variable "age at first birth" had 924 

missing values, which we were able to reduce to 683 by adding information on parity from 

the Reykjavik Study. We placed the 241 women who had missing values in "age at first 
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birth" from the CDC cohort, and had no children at entry to the Reykjavik Study in the "no 

birth" category. We categorized the 113 women who were classified as childless in the CDC 

cohort but had a child according to the Reykjavik Study, into the "25 and older" category, 

since women were at least 33 years of age upon entry into the Reykjavik Study.

We also evaluated information on the total months of breastfeeding (never, 1–6 months, 7 

months and more), the use of hormonal replacement therapy (HRT) (never, ever) and use of 

oral contraceptives (never, ever).

Follow-up and outcome—Participants were followed from their entry into the study 

(between 1967 and 1996) until their diagnosis of breast cancer, death, or the end of the 

observation period (December 31st, 2013). We ascertained breast cancer diagnoses through 

the nationwide Icelandic Cancer Registry (26). Information on the cause of death was 

obtained from the Directorate of Health. Due to Iceland’s computerized national roster and 

each person’s unique personal identification numbers, follow-up was virtually complete 

(27). Information on the receptor status of the tumors was only used in the analysis of 

residence. We had information on receptor status in 76% of cases for estrogen (ER) positive 

or negative tumors and 74% of cases for progesterone (PR) positive or negative tumors. 

Receptor status was further categorized as ER/PR positive, ER/PR negative, ER positive PR 

negative (28).

Statistical analyses—We used Cox proportional hazard regression models to calculate 

HRs and 95% confidence intervals (95 % CI) for the diagnosis of breast cancer by residence 

(coastal village or rural area) in early life, from the time of entry into the Reykjavik Study. 

Residence in the capital area was the reference category. In line with WHO´s definition of 

the adolescence period (29), we also stratified our data into three categories, based on 

women’s age when they moved away from their first residence in rural areas and coastal 

villages: 1) age 11 and younger, 2) between the ages of 12 and 19, and 3) at age 20 and 

older. Residence in the capital area was also the reference. The first multivariable model was 

adjusted for age (continuous) at entry into the Reykjavik Study. The second model (HRa) 

was additionally adjusted for birth cohort, education, parity, physical activity, BMI and 

height, categorized as described in table 1. The third model (HRb) was additionally adjusted 

for age at menarche and age at first birth, obtained from the CDC cohort.

Since age both at menarche and at first birth are strong risk factors for breast cancer (2), a 

sensitivity analysis was conducted in order to compensate for the missing values for these 

variables. Multiple imputation was used to predict missing values for "age at menarche" 

(10% missing) by mean matching after stratifying the variables: age at entry, birth cohort 

and education. Missing values for “age at first birth” were included in the analyses as a 

special category (7% missing). Other variables from the CDC cohort were not included due 

to even higher number of missing values.

In addition, we calculated HR and 95% CI for tumor receptor status according to residence 

in early life. As above, the first model was adjusted for age only, while the second model 

(HRa) was additionally adjusted for birth cohort, education, parity, regular exercise, BMI 

and height (data shown in supplemental table 1).
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Dietary analysis—The AGES-Reykjavik Study

Exposure measurement—ascertainment of dietary habits—The AGES-Reykjavik 

Study, a sub-cohort from the Reykjavik Study, was initiated in 2002. Of the women 

participating in the Reykjavik Study, 3,326 were randomly enrolled between 2002 and 2006, 

as described by Harris et al (23). Participants entering the AGES-Reykjavik Study provided 

retrospective information on dietary habits in early life (ages 14–19), in midlife (ages 40–

50), as well as current diet in late life (ages 66–96). Participants received careful instructions 

at the clinic on the filling out of a validated food frequency questionnaire (AGES-FFQ) (30, 

31) (Figure 1). There were three questions on fish consumption in the FFQ. The first one 

concerned the frequency of fish meals per week (p/w) (salted or smoked fish included). The 

second question concerned the weekly frequency of using fish as a topping on bread and in 

salad, and the third one was on the frequency of salted or smoked fish intake p/w. Total fish 

intake was based on the first two questions. Possible response categories were; 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. Due to the different amounts of fish consumed as a meal 

or topping on bread, we used information on average portion size from the Icelandic national 

nutrition surveys (32, 33) to estimate total fish consumption p/w. One portion of fish was 

estimated to be 150g for fish as a main meal and 40g for fish as a bread topping. Numerical 

values for portions of fish were calculated accordingly (22). Total fish consumption was 

divided into three groups, i.e., high (> 4 portions p/w), moderate (>2–4 portions p/w) or low 

(≤ 2 portions p/w). The FFQ did not contain questions on the type of fish. However, cod and 

haddock were the fish most commonly consumed in the early 20th century as well as today 

(32, 33).

Fish liver oil intake (liquid or capsules) is a cultural tradition in Iceland (33). It was also 

assessed for each period of life, using one question with the same response alternatives as 

were used for fish meals, omitting the last option of more than once a day.

The FFQ designed for the AGES-Reykjavik Study has been validated for both midlife and 

current dietary habits later in life (30, 31). In short, the correlation between the reference 

method and the AGES-FFQ for midlife was r = 0.58, p = 0.001 for fish oil consumption. The 

question on midlife fish consumption showed a lower correlation but was still within the 

acceptable range (r = 0.281, p = 0.004) (31). Because of the low validity for overall current 

fish intake in late life, these data were not used to study breast cancer risk (30).

Covariate assessment—From the AGES-Reykjavik Study we retrieved information, 

gathered at entry, on age (continuous), year of birth (1908–1919, 1920–1924, 1925–1929, 

1930–1935), education (primary, secondary, college/university), age at first birth (none, age 

24 and younger, 25 and older), family history of breast cancer (mother, sister and/or 

daughter ever diagnosed with breast cancer), use of hormonal replacement therapy (never, 

ever), use of oral contraceptive (never, ever), use of alcohol in midlife (never, ever), BMI in 

late life (continuous), alcohol consumption in late life (0, 1–10g/week, >10g/week) and 

physical activity in midlife and late life (never/rarely, occasionally, moderately/often). From 

the Reykjavik Study we retrieved values on BMI in midlife (continuous) and height in 

midlife (continuous).
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Information on dietary covariates was retrieved from the AGES-FFQ. For all periods, 

selected covariates on consumption were milk, salted or smoked fish, rye bread, meat, total 

fish and fish liver oil. The cut off points can be seen in table 2. We also included information 

on first residence, categorized into four places as described in residence analysis.

Statistical analyses and follow-up – dietary analysis—We used Cox proportional 

hazard regression models to calculate HR and 95 % CI for incident breast cancer, from entry 

to the AGES-Reykjavik Study, according to total fish consumption in adolescence and 

midlife, using the lowest category as a referent. The same method was used for the fish liver 

oil analyses, adding late life consumption.

For both exposures, in all time periods, the first model was adjusted for age (as a continuous 

variable) at entry. For the adolescent period, information on education, family history of 

breast cancer, BMI in midlife, age at menarche and age at first child was added to the second 

model (HRa). In the third model (HRb), information on dietary factors: rye, milk, meat, 

salted or smoked fish, fish (for the fish liver oil analysis) and fish liver oil (for the fish 

analysis) were added. The same models, as described for adolescence, were used for both 

midlife and late life periods, except information on alcohol consumption was added as a 

covariate in the second model (HRa) as well as current values for BMI and dietary factors. 

Further adjustment for physical activity, use of oral contraceptives or HRT did not 

significantly change our results and were therefore not included in the models.

Participants were followed from their entry into the study until a diagnosis of breast cancer, 

death or the end of the observation period (December 31st, 2013). We ascertained breast 

cancer diagnosis and the cause of death the same way as described for the residence analysis 

(26).

For all statistical analysis we used SPSS software, version 22.0 (SPSS Inc., Chicago, 

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

statistical computing. 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

Residence analysis

We included 9,340 women in our analysis of early life residency (Figure 1). The mean age at 

entry into the Reykjavik Study was 53.9 years (SD = 9.9). All participants lived in the 

capital area at study entry, but only 37% were born and raised in the capital area; 35% were 

born and raised in a coastal village, and 28% were born and raised in a rural area. During an 

average follow-up of 27.3 years, 744 (8%) were diagnosed with breast cancer. The mean age 

at diagnosis was 69.7 years (SD = 11) and sixty-five women (9%) were diagnosed before the 

age of 55.

Table 1 presents the baseline characteristics of the study population by first residence. The 

average duration of first residence was longest in the capital area because most of the 
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women born there never moved away. A higher proportion of women raised in the capital 

area had college/university degrees, were taller and exercised more frequently than women 

raised in other areas. Women with first residence in rural areas had fewer children on 

average and were older when having their first child. Women raised in coastal villages were 

on average older at menarche and also reported the highest frequency of fish consumption in 

adolescence in the AGES-Reykjavik Study.

Compared to women born and raised in the capital area, early life residence in coastal 

villages and rural areas were both weakly associated with a lower risk of breast cancer 

diagnosis, HR = 0.87, 95 % CI: 0.72, 1.04, and HR = 0.88, 0.73–1.07, respectively. When 

looking at the duration of residence from birth outside the capital area, we observed a 

significant inverse association for breast cancer diagnosis only among women who lived 

beyond the puberty period (at least to age 20 years or longer) in coastal villages, compared 

to women residing in the capital area (HR = 0.78, 95% CI: 0.61, 0.99). No statistically 

significant associations were observed between any length of residence and breast cancer in 

the rural areas (Table 2).

In the final model (HRb) we included adjustment variables (age at menarche and age at first 

child) obtained from the CDC cohort. When we conducted sensitivity analysis, using 

imputed missing indicators for these variables, the pooled risk estimate for women who lived 

beyond the puberty period in coastal villages attenuated slightly (HR = 0.83, 95% CI: 0.66, 

1.04).

When data were analyzed by hormone receptor status, we found a borderline significant 

association between women with first residence in coastal village and ER/PR negative status 

and ER positive/PR negative status, adjusted for major risk factors (HR = 0.64, 95% CI 0.41, 

1.01 and 0.60, 0.35, 1.03, respectively). (Supplementary table 1).

Dietary analyses

The dietary analyses were based on participants providing information on fish and fish oil 

intake at different time periods at their time of entry into the Reykjavik-AGES cohort. 

During the follow-up through 2013 (mean 8.2 years), 91 women were diagnosed with breast 

cancer. Their mean age at entry was 77.0 years (SD = 6.0) and their mean age at diagnosis 

was 81.2 years (SD = 6.5).

Table 3 shows the characteristics of the subpopulation providing information on fish 

consumption in early - (n = 2,882) and midlife (n = 2,879). Women with high fish 

consumption in early life were younger at first childbirth and also had the highest 

consumption of meat, fish liver oil and salted fish, compared to women with lower fish 

consumption. Women with high intake of fish in midlife were more physically active, 

consumed less meat, less salted fish, less rye bread and less alcohol, drank more milk and 

used less oral contraceptives, compared to women with lower fish intake in midlife.

Table 4 presents hazard ratios, with 95% CI for breast cancer by total fish and fish liver oil 

intake. Compared to women consuming two portions or less per week in adolescence, 

women with high consumption (> 4 portions p/w), showed lower risk of breast cancer, albeit 
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not statistically significant (HR 0.71, 0.44, 1.13). For the midlife period, we found 

statistically significant risk reduction among women with high fish consumption (HR 0.46, 

95% CI 0.22–0.97) compared to lower fish consumption. When information on early life 

residence was added to the models, our estimates did not change considerably. No 

significant association was found between fish liver oil consumption and breast cancer risk 

in any time period.

Discussion

In this population-based prospective cohort study, we did not observe a strong association 

between residence and breast cancer. However, prolonged stay in a coastal village for the 

first 20 years of life or longer was associated with a lower risk of breast cancer, compared to 

residence in the capital area. In the subgroup analysis on dietary habits, high fish 

consumption during midlife was associated with a lower risk of breast cancer while 

suggestive association was observed for consumption in adolescence.

Risk reduction for breast cancer has previously been linked with vitamin D (17, 34, 35) and 

marine derived n-3 PUFA (3, 34)frequently found in fatty fish and fish liver oil. However, to 

our best knowledge, no study has found an association between adolescent total fish 

consumption and breast cancer risk(12–15), and studies on adult total fish consumption have 

not found strong beneficial association either (5, 6, 36–38). Haddock and cod, the most 

common fish types consumed in Iceland are lean species containing only modest amounts of 

vitamin D or about 0.9 µg/100g and 0.3g of n-3 PUFA/100 g (39). Nevertheless, we cannot 

exclude their contribution due to the uniquely high amounts of fish consumed in our cohorts, 

when compared with previous studies. The observed discrepancy with our analysis on fish 

liver oil, a common supplement in Iceland, rich in vitamin D and n-3 PUFA, might be due to 

the unusually high amount of retinol (30,000µg/100g) found in Icelandic fish liver oil for 

most of the 20th century. Retinol can interfere with the absorption, transportation and 

conversion to vitamin D’s active form (40, 41).Consequently, the high consumption of fish 

rather than fish liver oil may have promoted better absorption and utilization of vitamin D. 

Icelandic fish liver oil also contains n-3 PUFA. However, the Icelandic population has high 

levels of EPA and DHA in both diet and plasma (42). It might therefore be possible that the 

study population has already reached a beneficial threshold level of marine derived n-3 

PUFA for breast cancer risk.

However, the observed risk reduction for women residing beyond puberty in coastal villages 

could also be due to lower total energy intake in adolescence, previously linked with risk 

reduction for breast cancer(43, 44). The total energy intake of people residing in coastal 

villages in the first half of the 20th century was lower than in other areas (19). Additionally, 

as seen in table 1, we observed a statistically significant regional difference showing lower 

adult height and higher age at menarche on average among women born and raised in coastal 

villages, which are both important factors in evaluating childhood nutritional status and the 

possible risk of future breast cancer (45). During the period between menarche and first-term 

pregnancy, the breast tissue in women undergoes increased cellular proliferation, and breast 

cancer risk accumulates rapidly up to the terminal differentiation accompanying the first full 
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term pregnancy (10). This period of early adulthood is therefore possibly of great 

importance for environmental exposure such as diet.

Also, risk factors have been shown to vary in their relevance to breast tumors depending on 

hormonal receptors status (28). Analogous to the findings on diet in previous studies (46, 

47), we observed borderline inverse association between early life residence in coastal 

villages and ER/PR negative tumors. This suggest a stronger environmental influence for ER 

negative tumors, where hormonal factors might be less dominating (47). Our finding for ER 

positive and PR negative tumors might also indicate the importance of PR status of tumors.

Major strengths of our study are the distinct residency-based variations in early life fish 

consumption, the ability to study dietary factors across the life span as well as the 

established population-based cohorts with extensive covariate information. Additionally, the 

record linkage to the nationwide Cancer Registry of Iceland provided detailed and valid 

assessment of the outcome. A major limitation of our study is that information on the 

frequency of fish consumed during midlife and adolescence is retrospective in nature. As a 

result, there may be a non-differential measurement error, and there is always uncertainty in 

assessing dietary habits stretching over a 40-to-50-year period (48). Yet, food-related 

memory from childhood to four decades later can be as accurate as food-related memory of 

current diet, especially for food items eaten rarely or daily (49), possibly explaining no dose 

response found for fish consumption in adolesecnece since few women reported 

consumption from 2 up to 4 portions per week (30). Also, we do not have information on 

cooking methods in our study. However, information from a national nutrition survey 

conducted in 1990 showed that 64% of total fish consumed as a main meal was boiled or 

baked (32). Another limitation of our study is the lack of information about total energy 

intake and growth in early life. We were only able to adjust for body mass index measured in 

midlife, which may only indirectly indicate total energy intake (50). Also, the classification 

of residence into rural areas and coastal villages is based on geographical and historical 

evidence that does not consider variability of remoteness or isolation. Finally, we do not 

have complete information on reproductive factors like the use of HRT and oral 

contraceptives and breastfeeding for all women in the residence analysis, and we cannot 

exclude unmeasured confounders in our study..

Our data imply that very high fish consumption in early to midlife may be associated with a 

decreased risk of breast cancer. However, we need larger prospective studies to further 

clarify the effects of very high fish consumption on breast cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We would like to thank Professor Meir Stampfer at the Department of Epidemiology, Harvard T.H Chan School of 
Public Health in Boston, for his valuable input to the study design, as well as the pathologists at the Pathology 
Department at Landpitali National University Hospital, Reykjavik, Iceland. CCCC

Haraldsdottir et al. Page 9

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Financial Support: The AGES-Reykjavik Study was funded by NIH contract N01-AG-12100, the Intramural 
Research Program of the National Institute on Aging, by the Icelandic Heart Association and the Icelandic 
Parliament. This work was supported by the The Icelandic Centre for Research, RANNIS grant number: 
152495051, http://en.rannis.is/ (A. Haraldsdottir) and the Public Health Fund of the Icelandic Directorate of Health 
(A. Haraldsdottir).

The funding agencies (National Institute on Aging, Icelandic Heart Association and Icelandic Parlament,) for the 
AGES-Reykjavik Study, RANNIS, or Directorate of Health had no role in the design, analysis or writing of this 
article.

References

1. 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):6861–6875. [PubMed: 
25503112] 

2. Adami, HOHD., Trichopoulos, D., editors. Textbook of Cancer Epidemiology. Second. New York: 
Oxford University Press; 2008. 

3. Zheng JS, Hu XJ, Zhao YM, Yang J, Li D. Intake of fish and marine n-3 polyunsaturated fatty acids 
and risk of breast cancer: meta-analysis of data from 21 independent prospective cohort studies. 
BMJ. 2013; 346

4. Kiyabu GY, Inoue M, Saito E, Abe SK, Sawada N, Ishihara J, et al. Fish, n - 3 polyunsaturated fatty 
acids and n - 6 polyunsaturated fatty acids intake and breast cancer risk: The Japan Public Health 
Center-based prospective study. Int J Cancer. 2015; 137(12):2915–2926. do. [PubMed: 26147326] 

5. Kim AE, Lundgreen A, Wolff RK, Fejerman L, John EM, Torres-Mejia G, et al. Red meat, poultry, 
and fish intake and breast cancer risk among Hispanic and Non-Hispanic white women: The Breast 
Cancer Health Disparities Study. Cancer Causes Control. 2016; 27(4):527–543. [PubMed: 
26898200] 

6. Genkinger JM, Makambi KH, Palmer JR, Rosenberg L, Adams-Campbell LL. Consumption of dairy 
and meat in relation to breast cancer risk in the Black Women's Health Study. Cancer Causes 
Control. 2013; 24(4):675–684. [PubMed: 23329367] 

7. Terry PD, Rohan TE, Wolk A. Intakes of fish and marine fatty acids and the risks of cancers of the 
breast and prostate and of other hormone-related cancers: a review of the epidemiologic evidence. 
Am J Clin Nutr. 2003; 77(3):532–543. [PubMed: 12600840] 

8. Benz CC. Impact of aging on the biology of breast cancer. Crit Rev Oncol Hematol. 2008; 66(1):65–
74. [PubMed: 17949989] 

9. Colditz GA, Frazier AL. Models of breast cancer show that risk is set by events of early life: 
prevention efforts must shift focus. Cancer Epidemiol Biomarkers Prev. 1995; 4(5):567–571. 
[PubMed: 7549816] 

10. Colditz GA, Bohlke K, Berkey CS. Breast cancer risk accumulation starts early: prevention must 
also. Breast Cancer Res Treat. 2014; 145(3):567–579. [PubMed: 24820413] 

11. Trichopoulos D. Hypothesis: does breast cancer originate in utero? Lancet. 1990; 335(8695):939–
940. [PubMed: 1970028] 

12. Sellers TA, Vachon CM, Pankratz VS, Janney CA, Fredericksen Z, Brandt KR, et al. Association of 
childhood and adolescent anthropometric factors, physical activity, and diet with adult 
mammographic breast density. Am J Epidemiol. 2007; 166(4):456–464. [PubMed: 17548785] 

13. Potischman N, Weiss HA, Swanson CA, Coates RJ, Gammon MD, Malone KE, et al. Diet during 
adolescence and risk of breast cancer among young women. J Natl Cancer Inst. 1998; 90(3):226–
233. [PubMed: 9462680] 

14. Farvid MS, Cho E, Chen WY, Eliassen AH, Willett WC. Dietary protein sources in early adulthood 
and breast cancer incidence: prospective cohort study. Bmj. 2014; 348:g3437. [PubMed: 
24916719] 

15. Frazier AL, Ryan CT, Rockett H, Willett WC, Colditz GA. Adolescent diet and risk of breast 
cancer. Breast Cancer Res. 2003; 5(3):R59–R64. [PubMed: 12631400] 

Haraldsdottir et al. Page 10

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://en.rannis.is/


16. Knight JA, Lesosky M, Barnett H, Raboud JM, Vieth R. Vitamin D and reduced risk of breast 
cancer: a population-based case-control study. Cancer Epidemiol Biomarkers Prev. 2007; 16(3):
422–429. [PubMed: 17372236] 

17. Su X, Colditz GA, Collins LC, Baer HJ, Sampson LA, Willett WC, et al. Adolescent intakes of 
vitamin D and calcium and incidence of proliferative benign breast disease. Breast Cancer Res 
Treat. 2012; 134(2):783–791. [PubMed: 22622809] 

18. Potischman N, Linet MS. Invited commentary: are dietary intakes and other exposures in 
childhood and adolescence important for adult cancers? Am J Epidemiol. 2013; 178(2):184–189. 
[PubMed: 23792894] 

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

20. 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. Am J Epidemiol. 2012; 175(2):144–153. 
[PubMed: 22190107] 

21. Torfadottir JE, Valdimarsdottir UA, Mucci L, Stampfer M, Kasperzyk JL, Fall K, et al. Rye bread 
consumption in early life and reduced risk of advanced prostate cancer. Cancer Causes Control. 
2012; 23(6):941–950. [PubMed: 22527172] 

22. 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. [PubMed: 23613715] 

23. Harris TB, Launer LJ, Eiriksdottir G, Kjartansson O, Jonsson PV, Sigurdsson G, et al. Age, Gene/
Environment Susceptibility-Reykjavik Study: multidisciplinary applied phenomics. Am J 
Epidemiol. 2007; 165(9):1076–1087. [PubMed: 17351290] 

24. Bjornson GBO, Davidsson D, Kristjansson BTh, 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

25. Thorbjarnardottir T, Olafsdottir EJ, Valdimarsdottir UA, Olafsson O, Tryggvadottir L. Oral 
contraceptives, hormone replacement therapy and breast cancer risk: a cohort study of 16 928 
women 48 years and older. Acta Oncol. 2014; 53(6):752–758. [PubMed: 24460068] 

26. 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):880–889. [PubMed: 22974093] 

27. Andresdottir MB, Sigfusson N, Sigvaldason H, Gudnason V. Erythrocyte sedimentation rate, an 
independent predictor of coronary heart disease in men and women: The Reykjavik Study. Am J 
Epidemiol. 2003; 158(9):844–851. [PubMed: 14585762] 

28. Colditz GA, Rosner BA, Chen WY, Holmes MD, Hankinson SE. Risk factors for breast cancer 
according to estrogen and progesterone receptor status. J Natl Cancer Inst. 2004; 96(3):218–228. 
[PubMed: 14759989] 

29. WHO. [cited 2016 August 10th] Health for the world’s adolescents: a second chance in the second 
decade [internet]. World Health Organization. 2014. Available from: http://www.who.int/
maternal_child_adolescent/documents/second-decade/en/

30. Eysteinsdottir T, Thorsdottir I, Gunnarsdottir I, Steingrimsdottir L. Assessing validity of a short 
food frequency questionnaire on present dietary intake of elderly Icelanders. Nutr J. 2012; 11:12. 
[PubMed: 22413931] 

31. Eysteinsdottir T, Gunnarsdottir I, Thorsdottir I, Harris T, Launer LJ, Gudnason V, et al. Validity of 
retrospective diet history: assessing recall of midlife diet using food frequency questionnaire in 
later life. J Nutr Health Aging. 2011; 15(10):809–814. [PubMed: 22159766] 

32. Steingrimsdottir L, T H, Aegisdottir S. The Diet of Icelandairs. National Nutrition Survey 1990. 
Main findings. Icelandic Nutrtion Council, Reykjavik. 1991

33. Steingrimsdottir LTH, Olafsdottir AS. The Diet of Icelandairs. National Nutrition Survey 2002. 
Main findings. Icelandic Nutrtion Council, Reykjavik. 2002

34. Brasky TM, Lampe JW, Potter JD, Patterson RE, White E. Specialty supplements and breast cancer 
risk in the VITamins And Lifestyle (VITAL) Cohort. Cancer Epidemiol Biomarkers Prev. 2010; 
19(7):1696–1708. [PubMed: 20615886] 

Haraldsdottir et al. Page 11

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.who.int/maternal_child_adolescent/documents/second-decade/en/
http://www.who.int/maternal_child_adolescent/documents/second-decade/en/


35. Bauer SR, Hankinson SE, Bertone-Johnson ER, Ding EL. Plasma vitamin D levels, menopause, 
and risk of breast cancer: dose-response meta-analysis of prospective studies. Medicine. 2013; 
92(3):123–131. [PubMed: 23625163] 

36. Gago-Dominguez M, Yuan JM, Sun CL, Lee HP, Yu MC. Opposing effects of dietary n-3 and n-6 
fatty acids on mammary carcinogenesis: The Singapore Chinese Health Study. Br J Cancer. 2003; 
89(9):1686–1692. [PubMed: 14583770] 

37. Engeset D, Alsaker E, Lund E, Welch A, Khaw KT, Clavel-Chapelon F, et al. Fish consumption 
and breast cancer risk. The European Prospective Investigation into Cancer and Nutrition (EPIC). 
Int J Cancer. 2006; 119(1):175–182. [PubMed: 16470807] 

38. Stripp C, Overvad K, Christensen J, Thomsen BL, Olsen A, Moller S, et al. Fish intake is 
positively associated with breast cancer incidence rate. J Nutr. 2003; 133(11):3664–3669. 
[PubMed: 14608091] 

39. Matís. The Icelandic Food Composition Database. ISGEM [internet]. Matís; 2016. Available from: 
http://www.matis.is/ISGEM/en/search/ [cited 2016 August 5th]

40. Eysteinsdottir T, Halldorsson TI, Thorsdottir I, Sigurdsson G, Sigurdsson S, Harris T, et al. Cod 
liver oil consumption at different periods of life and bone mineral density in old age. Br J Nutr. 
2015; 114(2):248–256. [PubMed: 26079168] 

41. Birgisdottir BE, Brantsaeter AL, Kvalem HE, Knutsen HK, Haugen M, Alexander J, et al. Fish 
liver and seagull eggs, vitamin D-rich foods with a shadow: results from the Norwegian Fish and 
Game Study. Mol Nutr Food Res. 2012; 56(3):388–398. [PubMed: 22319024] 

42. Harris TB, Song X, Reinders I, Lang TF, Garcia ME, Siggeirsdottir K, et al. Plasma phospholipid 
fatty acids and fish-oil consumption in relation to osteoporotic fracture risk in older adults: the 
Age, Gene/Environment Susceptibility Study. Am J Clin Nutr. 2015; 101(5):947–955. E. 
[PubMed: 25787995] 

43. Michels KB, Ekbom A. Caloric restriction and incidence of breast cancer. Jama. 2004; 291(10):
1226–1230. [PubMed: 15010444] 

44. Papadopoulos FC, Pantziaras I, Lagiou P, Brandt L, Ekselius L, Ekbom A. Age at onset of anorexia 
nervosa and breast cancer risk. Eur J Cancer Prev. 2009; 18(3):207–211. [PubMed: 19491607] 

45. Mishra GD, Cooper R, Tom SE, Kuh D. Early life circumstances and their impact on menarche and 
menopause. Womens Health (Lond Engl). 2009; 5(2):175–190. [PubMed: 19245355] 

46. Hislop TG, Kan L, Coldman AJ, Band PR, Brauer G. Influence of estrogen receptor status on 
dietary risk factors for breast cancer. Cmaj. 1988; 138(5):424–430. [PubMed: 3342359] 

47. Fung TT, Hu FB, McCullough ML, Newby PK, Willett WC, Holmes MD. Diet quality is 
associated with the risk of estrogen receptor-negative breast cancer in postmenopausal women. J 
Nutr. 2006; 136(2):466–472. [PubMed: 16424129] 

48. Friedenreich CM, Slimani N, Riboli E. Measurement of past diet: review of previous and proposed 
methods. Epidemiol Rev. 1992; 14:177–196. [PubMed: 1289112] 

49. Dwyer JT, Coleman KA. Insights into dietary recall from a longitudinal study: accuracy over four 
decades. Am J Clin Nutr. 1997; 65(4 Suppl):1153s–1158s. [PubMed: 9094913] 

50. Rolland-Cachera MF, Deheeger M, Maillot M, Bellisle F. Early adiposity rebound: causes and 
consequences for obesity in children and adults. Int J Obes (Lond). 2006; 30(Suppl 4):S11–S17. 
[PubMed: 17133230] 

Haraldsdottir et al. Page 12

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.matis.is/ISGEM/en/search/


Figure 1. 
Selection of participants from the Reykjavik Study and the Age, Gene/Environment 

Susceptibility (AGES)-Reykjavik Study, Iceland, 1967 – 2013.
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