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Ágrip
Inngangur: Rannsóknir gefa til kynna að umhverfisþættir í æsku skipta máli fyrir meingerð
blöðruhálskirtilskrabbameins (BHK). Tilgangur þessarar rannsóknar var að rannsaka tengsl
næringar á mismunandi ævistigum við áhættu á að greinast með BHK.
Efniviður og aðferðir: Gögn úr Reykjavíkurrannsókn Hjartaverndar voru notuð, þar sem
8.894 karlmenn (fæddir á árunum 1907-1935) veittu upplýsingar um búsetu frá fæðingu. Með
samtengingu við Krabbameinsskrá var þátttakendum fylgt eftir með tilliti til greiningar og
dánarorsakar vegna BHK, frá fyrstu komu í Reykjavíkurrannsóknina á tímabilinu 1967-1987
til loka árs 2009. Undirhópur þátttakenda (n = 2.268) á aldrinum 67-96 ára, tók þátt í
Öldrunarrannsókn Hjartaverndar sem stóð yfir á árunum 2002-2006 og svaraði spurningum
um fæðuvenjur.
Notuð var aðhvarfsgreining (lifunargreining og tvíkosta aðhvarfsgreining) til að reikna
áhættuhlutfall fyrir BHK með 95% öryggismörkum. Leiðrétt var fyrir mögulegum
áhættuþáttum.
Niðurstöður: Eftirfylgni þátttakenda var að meðaltali 24,3 ár og á því tímabili greindust
1.123 karlar með BHK, þar af voru 371 með langt gengið krabbamein (dánarorsök eða stig III
eða IV við greiningu). Borið saman við þá sem ólust upp í Reykjavík tengdist búseta í sveit á
æskuárum aukinni áhættu á langt gengnu BHK (HR = 1.29; 95% CI: 0.97 – 1.73), sérstaklega
meðal manna sem fæddust fyrir 1920 (HR= 1.64; 95% CI 1.06– 2.56). Ekki fannst samband
milli búsetu í sjávarþorpi á unga aldri og langt gengnu BHK.
Meðal undirhóps úr Öldrunarrannsókninni, sem greindi frá matarvenjum voru 347 karlar með
BHK, þar af 63 með langt gengið mein. Á unglingsárum var dagleg rúgbrauðsneysla borið
saman við litla rúgbrauðsneyslu (sjaldnar en daglega), tengd minni áhættu á langt gengnu
BHK (OR = 0.47; 95% CI: 0.27-0.84), meðan dagleg mjólkurneysla og tíð neysla á söltuðum
eða reyktum fiski juku áhættuna á langt gegnu BHK (OR = 3.22; 95% CI: 1.25-8.28 og OR =
1.98; 95% CI: 1.08-3.62, í áður nefndri röð). Ekki fannst samband milli neyslu fæðutegunda á
miðjum aldri við BHK. Á efri árum var reglubundin lýsisneysla tengd minni áhættu á langt
gengnu BHK (HR = 0.43; 95% CI: 0.19-0.95) og tíð neysla á söltuðum og reyktum fiski
tengdist aukinni áhættu á BHK (HR = 2.28; 95% CI: 1.04-5.00).
Ályktun: Þessi rannsókn sýnir að neysla á unglingsárum og/eða efri árum á rúgbrauði, mjólk,
söltuðum eða reyktum fiski og lýsi tengist áhættu fyrir BHK.
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Lykilorð: unglingur, mataræði, fiskur, lýsi, mjólk, rúgbrauð, heilkorn, saltur og reyktur fiskur,
áhættuþættir, blöðruhálskirtilskrabbamein
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Abstract
Background and aims: Previous studies have provided evidence for the importance of early
life environment in the etiology of prostate cancer (PCa). Here, the aim was to explore
associations of food intake during different periods of life and risk of PCa.
Design: A population-based cohort of 8,894 men born between 1907 and 1935 were followed
for PCa diagnosis and mortality from entry (in waves from 1967 to 1987) through 2009. The
participants provided information on early life residency – a marker for dietary habits.
In 2002-2006, a sub-group of men aged 67-96 years, reported their dietary habits in the
AGES-Reykjavik study. We used regression models to estimate odds ratios (ORs) and hazard
ratios (HRs) for PCa according to early life residency and dietary habits. Models were
adjusted for potential confounders.
Results: During mean follow-up of 24.3 years, 1,123 men were diagnosed with PCa including
371 with advanced disease (stage 3+, or PCa death). Compared to early life residency in the
capital area, rural residency, with high milk consumption, for the first twenty years of life,
was marginally associated with increased risk of advanced PCa (HR = 1.29, 95% confidence
interval (CI): 0.97-1.73); particularly among men born before 1920 (HR = 1.64, 95% CI:
1.06-2.56).
Among the subgroup (n = 2,268), who provided dietary information, 347 had or were
diagnosed with PCa during follow-up, 63 with advanced disease. In adolescence, rye bread
consumption (daily vs. less) was associated with decreased risk of advanced PCa (OR = 0.47;
95% CI: 0.27-0.84) while milk consumption (daily vs. less) and high consumption of salted or
smoked fish were associated with increased risk of advanced PCa (OR = 3.22; 95% CI: 1.258.28 and OR = 1.98; 95% CI: 1.08-3.62, respectively). None of the explored foods consumed
in midlife were associated with PCa risk. In older age, fish oil consumption was associated
with reduced risk of advanced PCa (HR = 0.43; 95% CI: 0.19-0.95) and high consumption of
salted and smoked fish with increased risk of advanced PCa (HR = 2.28; 95% CI: 1.04-5.00).
Conclusion: Our data suggest that rye bread, milk, salted or smoked fish and fish oil
consumed in adolescence and/or older ages affect PCa risk.

Keywords: adolescent, diet; fish, fish oil, milk, prostatic neoplasms, risk factors, rye bread,
salted or smoked fish, whole grain
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1 Introduction
According to the World Health Organization (WHO), prostate cancer is the most frequently
diagnosed cancer in men in the developed countries, accounting for 20% of new cases of
cancer (1). Worldwide, prostate cancer poses a significant health burden, with an estimated
903,500 new cases and 258,400 disease-specific deaths in 2008 (2). Nation-wide cancer
registration began in Iceland in 1955 (3) and the age-standardized incidence of prostate cancer
has increased considerably during the last decades to become among the highest in the world,
100.6 per 100 000 in 2004 – 2008 (4, 5).
The diagnosis of prostate cancer changed dramatically in the 1980s in the developed
countries when measurement of prostate specific antigen (PSA) in the blood was first
introduced. Widespread testing of PSA has since then been used in many western countries,
resulting in a shift in the presentation of advanced cancers to earlier disease as well as the
detection of a significant proportion of indolent prostate cancer (6). A few risk factors for
prostate cancer have been identified, such as age, ethnicity, and family history of prostate
cancer (7) – all of which are non-modifiable. PSA screening has challenged the ability to
identify modifiable risk factors because of the revealing of a significant proportion of indolent
cases. Epidemiological studies in settings with more limited PSA screening have thus an
important role in identifying modifiable risk factors for prostate cancer (6).
This thesis focuses on diet across the lifespan, with special emphasis on early life diet
and prostate cancer risk. Improved understanding of potential influence of dietary factors on
the risk of prostate cancer, especially advanced disease, could have a major public health
impact.

1.1 Incidence and mortality of prostate cancer
Incidence of prostate cancer has increased rapidly during the last two decades, mainly because
of PSA-testing among men with or without symptoms from the prostate (4, 8). PSA testing is
more common in the USA compared with Europe, where up to 65% of all men in their fifties
and older have been tested at least once compared with 34-36% of men > 50 years in
European countries (9-11). A study from the USA has reported that in the time-period from
1985 to 2000 a very large proportion of all screen-detected cancers were overdiagnosed,
which is the fraction of screen-detected cancers that would not be noticed in the absence of
screening (12). However, it is usually not clear which of the screening-detected prostate
cancers will have the greatest potential for lethality, although a recent study on messenger
15

RNA (mRNA) expression signature of Gleason grade has shown promising results in
predicting prostate-tumor progression (13).
Four of the Nordic countries, Finland, Iceland, Norway and Sweden have the highest
incidence rates in Europe, ranging from 160 to 211 men being diagnosed per 100,000 1 in
2001 and although mortality rates of prostate cancer are also quite high in the Nordic
countries, there is little correlation over time between incidence and mortality (4), see agespecific rates for the Nordic countries in figure 1 (http://www-dep.iarc.fr/nordcan.htm) (14).
In Iceland the mean age at diagnosis was 70 years for the time-period between 2005 and 2009
(5).
In 2008, it was estimated that 382,000 new prostate cancer cases were diagnosed in
Europe and the estimated number of new cases in the USA for 2012 is 241,740 (29% of new
cancers) (15). In Europe, prostate cancer mortality ranks as the third most common cause of
cancer death with almost 90,000 deaths estimated to have occurred in 2008 (16). Yet,
incidence of prostate cancer began to fall, both in Europe and USA, between 1991 and 2004
to a different degree in different countries (8, 17). In Europe the highest prostate cancer
mortality rates in 2006 were in the Baltic region, Denmark, Norway and Sweden. There has
been a decline in the mortality in 13 countries (out of 37 examined), including Norway and
Sweden. This decline in mortality rates (1-4% per year) were first seen in England and Wales
in 1992 and most recently in the Czech Republic in 2004, but in most countries the decline
began during the mid- to late-1990s (8). In the USA, mortality rates from prostate cancer have
also declined in the time-period from 1990 to 2005 (17). It is suggested that the decrease in
mortality after 1990 in some countries in Europe and USA may be due to improvements in
treatment and/or early detection of the cancer by using PSA testing (8, 18). It is also possible
that PSA screening identified a lot of prevalent cases in the beginning and the peak has now
passed.

1

Using Nordic standard 2000 for the age-standardization
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Figure 1. Age-specific rates per 100,000 (incidence/mortality) for prostate cancer in the time
period between 2005-2009

1.2 Risk factors
A 30-fold difference was reported in 1987 between African-American men in the USA and
Japanese and Chinese men living in their home countries (19). This difference still persists
worldwide (2) and cannot completely be accounted for by differences in screening activity.
Moreover, the rapid change in prostate cancer incidence and mortality among second
generation immigrants from South Asia to Western countries compared with their nationals
still living in their native countries lends support to a role of modifiable risk factors in early
life, such as dietary habits (20). Early life diet may be important in the pathogenesis of
prostate cancer, because the prostate undergoes considerable growth and maturation during
pubertal development.

17

1.2.1 Diet
Assessing dietary habits is challenging and studies relying on self-reports on dietary intake
face several methodological problems. Kolonel et al have addressed some of the problems
that may occur when collecting data on dietary habits (21), such as:
1) Recall misclassification – especially, when more distant recall of dietary intake is
required from the participants.
2) Recall bias in case-control studies – since case subjects may recall their dietary habits
differently from control subjects, based on their knowledge of the disease status.
3) Finding a relevant time-window for exposure of importance for the development of
the disease.
Kolonel et al emphasize the importance of studying advanced prostate cancer specifically
in future studies on diet and prostate cancer risk. They also stressed the need for cohort
studies with repeated assessment of dietary habits (21). When comparing studies on nutrition
at an individual level it is important to be aware of the method of collecting the data. These
methods include 24 hour recall, food frequency questionnaire (FFQ) or food records. Each
method has different pros and cons (22). 24 hour recall is performed with an interview face to
face or over the phone and is dependent on well-trained interviewers. Relatively short
administration time is needed and this procedure does not alter dietary habits. However, this
method does not represent everyday individual food intake. FFQ can be brief, aiming to
examine a few specific food items or include between 50 and 150 food items. FFQ is usually
self-administered but can be checked by an interviewer. Eating habits among participants
should not be affected by this method but it requires them to remember their food pattern in
the past. Lastly, using dietary records makes a fairly accurate measurement of food intake and
does not rely on the participant’s memory in the past. Conversely, this can affect usual dietary
habits because of the extra strain required to weigh everything eaten (22).
In addition to deciding which method of dietary assessment should be used, it is
imperative to consider how long before the diagnosis information on diet was collected, as
evidence suggests that prostate cancer has a long latent phase where early-acting factors may
have occurred many decades earlier.
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1.2.1.1 Nutrition in adulthood
The current level of evidence supports the role of nutrition in adult life in prostate cancer
development and progression. Potential protective agents include tomatoes/lycopene, other
carotenoids, cruciferous vegetables, vitamin E, selenium, fish/marine n-3 fatty acids, soya,
phytoestrogenes such as isoflavones, and polyphenols (23-25). Potential risk factors include
milk and dairy products, calcium, zinc at high doses, saturated fat, grilled meats, and
heterocyclic amines (23, 24, 26). Due to the scope of this thesis, exposure to milk and milk
products, whole-grain, fish and vitamin D will be discussed in this chapter.

Milk and milk products
Most (24, 26-31) but not all (32) epidemiologic studies have found milk intake during adult
life to be associated with an elevated risk of prostate cancer. The association is largely limited
to advanced disease (26, 33), and studies of screen-detected or early stage disease tend to
show null association (32). Only two studies have addressed early life consumption of milk
(34, 35). A Swedish case-control study found no association between early life milk intake
and total prostate cancer risk (34) and a study from the UK (the Boyd Orr Cohort) found that
high dairy intake in childhood was associated with lower risk of prostate cancer (35).
As to the mechanism, high milk consumption may increase plasma insulin-like growth
factor I (IGF-I) levels in middle aged individuals (36), but high IGF-I level has been
associated with prostate cancer risk. Alternatively, high calcium intake, a major nutrient in
milk and milk products, may increase risk of prostate cancer by reducing circulating 1,25dihydroxy-vitamin D (37), a hypothesized inhibitor of prostate carcinogenesis (38). Finally,
high intake of animal fat, such as from whole milk, has been associated with increased
testosterone levels (39) and high testosterone levels may influence prostate cancer risk (40),
although little is known on early life exposure to testosterone (41).

Whole grain
Whole grain has been linked to reduced overall cancer risk (42). Although mechanisms
behind this statement are as yet unclear, many components of the whole grain could play a
role such as fiber, starch, fatty acids, antioxidants, minerals, vitamins, phytoestrogens
(lignans) and phenolic compounds (42, 43). Beneficial effects of whole-grain consumption for
hormonal-dependent cancer such as prostate cancer could for example be due to lignans
(mainly found in whole-grain cereal, beans, flaxseed and sesame seed) that affect steroid
19

metabolism (43). It has, for example, been shown that lignans inhibit 5-alpha-reductase that
converts testosterone to dihydrotestosterone (44). In addition, dietary fiber increases butyrate
production in the colon, and butyrate has been shown to inhibit cell growth and promote cell
differentiation and apoptosis in prostate cancer cells (45). Rye, a rich source of lignans,
minerals and vitamins (43), has also been suggested to have positive effects on long-term
insulin secretion (46, 47), which could be important since prostate cancer has been associated
with insulin resistance (48-50).
Few epidemiological studies have specifically studied intake of whole grain and
prostate cancer risk, but two studies have reported increased risk of prostate cancer (51, 52),
and three studies found no association (53-55). These studies did not present data on advanced
and localized prostate cancer separately. However, one recent prospective study on wholegrain rye-, and oatmeal consumption, among Danish men in their fifties and sixties at
baseline, found no association between whole grain consumption and either localized or
advanced prostate cancer (56). Yet, animal models indicate that rye bran may have protective
properties against prostate cancer (57-59) and pilot intervention studies among prostate cancer
patients have shown promising effects of high rye intake on markers of prostate cancer
progression (60, 61). No published study to date has addressed rye intake in early life or other
types of whole grain and prostate cancer risk.

Fish and fish oil
Several case-control and cohort studies have reported a reduced risk of prostate cancer and
prostate-specific mortality associated with fish consumption in adulthood, especially fatty fish
consumption (62-66). While considering different fish species, cooking methods might also
be of importance, since it has been reported that cooking white fish using high-temperature
methods is associated with increased risk of advanced prostate cancer (67). A recent metaanalysis, however, found no association between total fish consumption and overall prostate
cancer incidence, but reported a significant reduction in prostate cancer mortality (68). The
meta-analysis did not separately explore different species of fish or cooking methods and their
association to prostate cancer risk. Fatty fish is a rich source of long chain n-3
polyunsaturated fatty acids (PUFAs) and several studies have demonstrated inverse
associations between blood levels of n-3 PUFAs and risk of prostate cancer (69-71) and long
chain n-3 PUFAs may affect prostate inflammation and carcinogenesis (72). Only one casecontrol study of Swedish men diagnosed in the early 1990s, addressed fish intake in early life,
and reported a marginally increased risk of prostate cancer risk later in life (34).
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Vitamin D
The main nutritional sources for vitamin D are fatty fish and fish liver. Vitamin D can also be
produced in the skin upon exposure to sun radiation, which is by far the most important
source for vitamin D (73). Vitamin D is metabolizes by the body into two circulating
metabolites

i.e.

25-hydroxy-vitamin-D

(25(OH)D)

and

1,25

dihydroxy-vitamin-D

(1,25(OH)2D), the latter being less affected by nutritional status of vitamin D in the body and
which can also be produced by the prostate (74). A meta-analysis found no evidence of an
association between vitamin D metabolites and total prostate cancer, although there was a
weak association between 1,25(OH)2D and aggressive prostate cancer (OR = 0.86, 95% CI:
0.72-1.02) (75). However, higher prediagnostic plasma 25(OH)D levels measured in blood
drawn approximately 10 years prior to diagnosis, have been linked to improved prostate
cancer prognosis, while 1,25(OH)2D levels were not associated with lethal prostate cancer
(76). With regard to early life exposure of vitamin D, one study has made comparison of solar
radiation in state of birth. This study observed that men born in a region of high solar
radiation (vs. men born in low solar radiation) had a 51 percent reduced risk for total prostate
cancer (77).
In summary, evidence from the literature suggest that dairy consumption in adult life
is a risk factor for advanced prostate cancer, while whole-grain consumption appears to show
no or positive association with prostate cancer, except for rye intake that may reduce prostate
cancer progression. Fatty fish intake and high vitamin D status is probably associated with
reduced prostate cancer risk and/or progression of the disease. One important limitation is that
many of the studies reviewed above may lack appropriate variance in dietary habits to enable
meaningful exploration of the impact of these dietary components on prostate cancer risk.
Lastly, there is a definite scarcity of data exploring the influence of milk, whole-grain, and
fish in early life and their potential role on prostate cancer development.
1.2.5.1 Early-life nutrition
Studying early-life exposure is challenging due to lack of variation in intake patterns and the
need for a follow-up of many decades. Partly for these reasons, data on early-life nutrition and
later prostate cancer risk are limited. The few studies addressing early life dietary habits and
prostate cancer are reviewed below.
Men from a cohort of approximately 14,000 Seventh-day Adventist (SDA), with 180
incident cases during a six-year follow-up, were asked about parent’s religion and the lifestyle
practiced at home before the age of 15 years. Men who had at least one SDA parent and a
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vegetarian lifestyle as children had a non-significant reduction in the risk of total prostate
cancer (RR= 0.76, 95% CI: 0.50-1.18). The point estimate did not change in a multivariate
model when current dietary habits were included (78).
A case-control study from the USA in 1990, with 385 cases and 679 controls,
examined food-consumption trends in adolescence and adult years. A further aim of the study
was to evaluate the association between fat consumed in both time-periods and prostate
cancer risk. Participants who were in the age range between 47 and 74 years reported dietary
habits in adolescence (12-18 years of age) and on average 3 years prior to diagnosis (controls
3 years prior to the interview). Food groups were classified as either high (whole milk,
cheese, ice cream, eggs, red meat and butter) or low (yogurt, low-fat milk (2% and skim),
fish, poultry and margarine) in saturated fat. The results showed that high consumption of diet
high in saturated fat in adult life was associated with increased risk of aggressive prostate
cancer (OR= 1.8, 95% CI: 1.0-3.3) when compared with a diet low in saturated fat. The point
estimates did not change when the authors adjusted for high intake of saturated fat in
adolescence nor did they find any association for high intake of saturated fat in adolescence
with or without adjustments from adult diet. The conclusion of the study was that exposure in
adulthood to diet high in saturated fat had a greater influence on disease risk than exposure in
the adolescent period (79).
A Swedish population- based, case-control study published in 1995, examined earlylife diet, pubertal development, and physical activity in association with prostate cancer. The
mean age of participants was 70 years among 256 cases (136 with advanced tumors) and 252
controls. A FFQ that comprised 20 questions regarding food items of interest was used to
assess dietary habits during adolescence. This study found no association between diet in
adolescence and prostate cancer risk, except for fish consumption where marginally
statistically significant increased risk was observed for the highest intake (OR= 1.8, 95% CI:
1.0-3.5) and total prostate cancer. However, early pubertal development and childhood
residency in densely populated areas were positively associated with prostate cancer, while
high physical activity was inversely associated with prostate cancer. Thus, the investigators
concluded that environmental exposures in early life could be of importance for the etiology
of prostate cancer (34).
A prospective study from the UK (the Boyd Orr Cohort) collected 7-day weighed food
record data from 1,352 families, with 4,999 children, between 1937 and 1939. The
investigators examined whether dairy consumption (milk, cheese, cream, milk pudding, and
ice cream) in childhood was associated with cancer incidence and mortality in adulthood.
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They found a weak inverse association between high dairy consumption and total prostate
cancer (n=9 cases), when calcium intake was included in the multivariate model (OR= 0.34,
95% CI: 0.11-1.04) (35). Limited numbers prohibited investigation of advanced prostate
cancer specifically.
Dirx et al. hypothesized that energy restriction during the adolescent growth spurt
could reduce later cancer risk by slowing down cell division and thus making the cells less
susceptible for initiating carcinogenic factors. They examined prostate cancer risk and energy
restriction during childhood in the Netherlands Cohort Study on Diet and Cancer, where a
proportion of participants (n = 2,533) experienced severe famine in World War II between
1944 and 1955. This study found no evidence for association between energy restriction in
early life and prostate cancer (n = 903) risk later in life, regardless of whether the energy
restriction took place before, during, or after the adolescent growth spurt. The authors
speculated that perhaps the time period of energy restriction was too short to have an effect on
later prostate cancer risk (80).
In summary, there is scarcity of data on the role of early-life diet on prostate cancer
risk and existing studies provide no clear evidence for an etiological role of early life diet in
prostate cancer development later in life. Some of the existing studies suffer from a small
number of cases (usually not separated into localized and advanced disease) and the
previously mentioned methodological problems of potentially differential recall between
cases and controls. Further studies are needed to specifically address relevant hypotheses,
primarily on the intake of milk in adolescence as well as dietary intake of whole grain and
fish.
1.2.2 Hormones
Androgens, particularly testosterone and dihydrotestosterone are vital for the normal growth
and functioning of the prostate. Testosterone diffuses into prostate cells, where 90% is
irreversibly converted to dihydrotestosterone (a more active androgen) by 5-alpha-reductase
(6). Around puberty, prostate cells might undergo malignant transformation and start to
proliferate, due to massive increase of steroid hormone production by the testes (81).
Furthermore, it has been suggested that diet regulates the level of testosterone, which already
starts in utero and can have an effect until early puberty (82). High intake of animal fat has
been associated with increased testosterone levels (39) and high levels of androgens might be
a risk factor for prostate cancer (83). Yet, a quantitative review of prospective studies found
no difference in the levels of circulating androgens between men with prostate cancer and
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those free of the disease (84). This was again confirmed in 2008 in pooled data collected from
18 prospective studies where mean age at recruitment ranged from 46 to 72 years (85).
However, there was only one measurement of hormone concentration available for each
participant and little is known if one measurement can reflect lifetime exposure. Knowledge
on sex hormone status in early life and subsequent risk of prostate cancer later in life is
limited (41).
Estrogens are produced within the prostate gland (6). Prostate tissue contains both
estrogen α and β receptors (ERα and ERβ) (86) and the steroid hormone 17β-estradiol
mediates cell growth, proliferation, and differentiation through these two intracellular
receptors (87). However, findings from epidemiological studies do not support an association
between estrogens and prostate cancer risk (85).
Evidence suggests that IGF-I may be a key risk factor for prostate cancer. This peptide
hormone, a major growth-regulating molecule known to regulate cell proliferation,
differentiation and apoptosis, is mainly secreted by the liver but also produced in other tissues
such as the prostate in response to growth hormone (6). IGF-I is found in large concentration
in the circulation and has systemic hormonal and local paracrine effect on cell behavior (88).
The IGF-I availability in the circulation is mainly modulated by IGFBP-3 binding proteins
(88) and both these peptides are affected by growth hormone, age, sex and nutritional status
(89, 90) and inversely associated with plasma testosterone (91). Meta-analysis based on six
studies, thereof three prospective studies, revealed an increased risk by 47 percent for total
prostate cancer by high IGF-I concentration. No statistically significant association was
observed between IGFBP-3 and prostate cancer (92). IGF-I has been more related to
advanced rather than localized prostate cancer in some studies (93, 94). Adding further to the
understanding of the etiology of prostate cancer, a new meta-analysis published in 2008
reported IGF-I to be more positively associated with low-grade than high grade disease (95).
For total prostate cancer, this analysis, including 12 studies with 3700 men with prostate
cancer and 5200 control participants, showed increased risk in the highest vs. lowest quintile
of serum IGF-I concentration (OR= 1.38, 95% CI: 1.19-1.60).
High milk consumption may increase plasma IGF-I levels in middle-aged individuals,
(36) adolescents and children (96, 97). IGF-I levels in adulthood might be “programmed” by
early-life nutrition (98) since two studies have found early-life milk intake to reduce IGF-I
levels in adult life (99, 100). In addition, an energy-rich family diet in childhood has not been
associated with IGF-I levels among men, when measured in their forties, but vegetable rich
diet was positively associated with IGF-I levels (100). In adulthood, IGF-I concentration is
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positively correlated with body-mass index (BMI) up to a threshold, since IGF-I decreases
again in obesity (101). During adolescence, circulating IGF-I is correlated with growth and
height (102).
1.2.2 Type 2 diabetes Mellitus
Diabetes type 2 is associated with a lifestyle that includes low level of physical activity and
increased level of obesity (103). This disease initially starts with hyperglycemia and
hyperinsulinemia and the latter condition might increase the risk of epithelial cancers through
growth promotion (49). Indeed a case-control study from China has reported a 2.6 fold
increased risk of prostate cancer when comparing the top with the bottom tertile of fasting
plasma insulin (104). The same study also found an increased risk of prostate cancer with
increased fasting plasma glucose (105). This association has also been reported in an
Icelandic study (106). However, most studies have consistently shown diabetes to be
associated with lower incidence of prostate cancer and a meta-analysis of 19 studies estimated
a relative risk of 0.84 (95% CI: 0.76 - 0.93) (107). This was again confirmed in a populationbased prospective study from USA with almost 6,000 prostate cancer cases (108). However,
two studies from Asia, where very little screening is practiced, have linked diabetes to
increased prostate cancer risk (109, 110). These mixed results suggest that the link between
diabetes at different disease stages and prostate cancer risk is complex. However, causespecific death according to baseline diabetes status has been studied among 820,900 people in
97 prospective studies. This study compared incidence of death from prostate cancer (n =
2,217) among men with diabetes (majority with type 2) vs. men without diabetes and
observed a hazard ratios of 0.89 (95% CI: 0.71 – 1.10) (111).
1.2.3 Anthropometric Measures
Body mass index (BMI) and body composition have been studied quite extensively in relation
to prostate cancer as BMI can influence endogenous levels of sex hormones (6) and
dysregulate a wide range of other biomarkers. Most case-control studies have not found adult
BMI to be associated with prostate cancer risk (112-114). A recent meta-analysis of
prospective studies suggests a dual effect on prostate cancer, i.e. a decreased risk for localized
prostate cancer and an increased risk for advanced prostate cancer (115). The authors
suggested that the low testosterone level in obese men might promote aggressive disease.
Alternatively, obesity is also related to many other conditions, such as insulin resistance,
which has been shown to be positively associated with prostate cancer (105). The association
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between body size in childhood and young adulthood (between ages 5 and 29 years) and
prostate cancer, appears to be null or very weak (116).
Adult height can reflect nutritional status in early life (117). The adolescent growth
spurt generally starts the year after the onset of puberty, reaching a maximum velocity in the
following months (118). It has been suggested that tall men might have had higher exposures
to pubertal levels of androgens while at the same time the prostate gland is attaining its
normal development and functioning (119). Pubertal growth is also regulated by growth
factors (118) and adult height has been positively correlated with serum IGF-I levels (120). A
meta-analysis of prospective studies reported 6% to 12% increased risk of prostate cancer per
10 centimeter (cm) increase in height, and 5% to 19% increase in risk for more advanced
and/or aggressive disease (121). We are aware of one prospective study (Boyd Orr cohort) on
childhood height, measured before the age of 8 years, and overall cancer mortality in
adulthood (122). This study reported a one standard deviation (SD) greater height in boys to
be associated with a 42% higher risk of cancer mortality. The same study also reported that
leg length but not trunk length was associated with cancer mortality. In fact, the leg bone is
more responsive to growth hormone than are bones in the axial skeleton (118). The findings
from the Boyd Orr cohort on childhood height were however not replicated later, when the
follow-up was extended (123). The authors suggested that the previously observed association
could be limited to premature cancer deaths or perhaps a chance finding.
1.2.4 Physical activity
Retrospective studies on physical activity and prostate cancer face similar methodological
problems as studies on diet, due to risk of misclassification during recall far back in time. In
addition, men participating in physical activity are also more likely to be more healthconscious, for example, more likely to visit a physician regularly for a health check-up and
cancer screening (124). Physical activity can also increase serum levels of PSA in men (125).
Yet, a meta-analysis of almost 90,000 cases from 43 studies worldwide found physical
activity to be significantly associated with decreased risk of prostate cancer for men in the 2045 and 45-65 years age-groups (126). The length of the follow-up had a major effect on the
observed association. Furthermore, occupational physical activity was found to be more
protective than activity in leisure time (19% vs. 5% risk reduction, respectively). When the
association between physical activity and prostate cancer was stratified by stage the relative
risk showed 0.94 (95% CI: 0.80 – 1.10) for advanced prostate cancer (126).
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The observed inverse association between long term physical activity and prostate
cancer could possibly be explained through many mechanisms such as reduced levels of
testosterone (127), serum insulin (128) and IGF-I (129, 130). It is also known that physical
activity plays a role in weight control and thereby in preventing obesity, which has been
associated with increased risk of advanced prostate cancer (115).

1.3 Residence-based dietary habits in Iceland in the early 20th century
Due to the relative isolation of many residential regions in Iceland during the first half of the
20th century, there was a considerable variation in dietary patterns across the country. The
inhabitants’ diets were largely limited to locally produced food available on site such as fish
from the sea and livestock at the farm. Professor Júlíus Sigurjónsson examined food intake
among 56 households around the country on behalf of the Icelandic Nutrition Council in
1939. Dietary habits were studied in four seaside villages, five different rural areas, and the
capital area, Reykjavik. Each home submitted, on average, 12 weekly reports, i.e., for one
week each month. These reports had all of the main types of food listed, and in blank
columns, one for each day of the week; the daily quantity consumed in the household of each
type was recorded. The number of people in a household and their ages and sex were also
recorded on these sheets. As dietary information was based on the whole household, rather
than individuals, calculation on nutrient intake and food quantities was done using adultmale-equivalents for the household. Males, aged 14-59, doing light work, were given an index
of 1.0, adult women were given an index of 0.8 and children in the household got an index
according to their age. Final results were thus all based on adult male diet equivalents.
The main results from the study were that residency in seaside villages shows a pattern
of high fish intake and low milk and meat intake compared to rural areas and Reykjavík, see
table 1. Furthermore, consumption of milk was four times higher in rural areas compared to
seaside villages and twice that of the capital (131). It must, however be stated that the
recorded vegetable consumption seems to have been limited to purchased vegetables, as
rutabaga was locally grown in many areas of the country and commonly consumed.
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Table 1. Adult male diet in Iceland in 1939, g/day
Milk

Butter

Fish

Meat

Rye

Fruit

Vegetables

Reykjavik

625

23

213

133

78

9

6

Seaside
village

356

3

354

106

98

5

1

Rural areas

1367

21

140

177

113

3

6

Due to this residency based variation in dietary habits, Icelanders born in the early
20th century represent a natural history population for studying the impact of dietary patterns
in early life on prostate cancer risk and progression.

1.4 Study motivation
Nationwide registration of all cancers began in Iceland in 1955 (3) and the age-standardized
incidence of prostate cancer has increased dramatically to become among the highest in the
world, 100.6 per 100 000 in 2004 – 2008 (4, 5). Immigrant studies lend support to the notion
that environmental factors in early life might be important for the etiology of prostate cancer
since their findings indicate that it takes at least one generation to gain prostate cancer risk of
the host country (132). Indeed, a study from Sweden has found that immigrants entering
Sweden in their 20s retain prostate cancer incidence rates similar to those in their native
country (133).
In Iceland, a population-based prospective cohort was initiated in 1967 by the
Icelandic Heart Association (The Reykjavik Study) in order to examine risk factors for
cardiovascular diseases. All men and women living in the capital area in December 1966 and
born between 1907 and 1935 were identified (n= 30,795). Participants provided information
on early life residency (here used as a proxy for dietary habits). By linking the data from the
Reykjavik Study to the Icelandic Cancer Registry, we received information on prostate cancer
diagnosis and mortality and thereby also for the subgroup of participants, who were enrolled
in the AGES-Reykjavik study in 2002 with the aim of studying the determinants of aging. The
participants in the AGES-Reykjavik completed a questionnaire about dietary habits in youth,
midlife and at present. These data provided us with a solid base to study the association
between dietary habits across the lifespan and prostate cancer risk.
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2 Aims
The overarching objective of the thesis was to assess the impact of dietary intake across the
life course on prostate cancer development and progression. Due to the scarcity of previously
published data on early life diet, our unique focus of this thesis was on the potential impact of
dietary items at this life stage. Moreover, we specifically addressed food items that varied
across residential areas in the early 20th century in Iceland and, according to existing
evidence, of hypothesized relevance for prostate cancer.

2.1 Paper I
Using the population-based data sources, and the well-characterized AGES-Reykjavik cohort,
our aim was to understand whether residency and milk consumption in early life, is associated
with an increased risk of prostate cancer.

2.2 Paper II
Using data from the AGES-Reykjavik cohort, we aimed to investigate whether whole-grain
consumption in different periods of life is associated with a lower risk of prostate cancer in
adult life.

2.3 Paper III
Using data from the AGES-Reykjavik cohort, we aimed to investigate whether lifetime fish
and fish oil consumption is associated with lower prostate cancer risk in a population with a
tradition of high fish and fish oil consumption.
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3 Materials and Methods
3.1 Study population
The Reykjavík Study is a population-based prospective cohort initiated in 1967 by the
Icelandic Heart Association. All men living in the capital area in December 1966 and born
between 1907 and 1935 were identified (n = 14,923) and a random set of 12,842 men invited
for examinations at different stages between 1967 and 1987 in which 9,115 men responded
(71% response rate) (134-136). We excluded men diagnosed with prostate cancer prior to
entry (n = 19) and those with incomplete follow-up (n = 20), leaving 9,076 in our cohort.
The examination included a detailed medical examination and health-related questionnaires,
including questions on place of birth and residence history. For our analysis we only used data
from the first clinical visit at the entry to the study.
AGES-Reykjavik cohort began in 2002 and at that time 11,549 men and women were
still alive from the Reykjavik Study. These persons were randomly selected to participate in
the AGES-Reykjavik that concluded early 2006 with total of 5,764 survivors (42% men).
These survivors (2,268 men) completed a questionnaire about diet in youth, midlife and at
present, as described by Harris et al (137), and in Figure 2.

3.2 Classification of residency – paper I
Participants provided information on residency from birth throughout their lifetime.
Individuals listed all places where they had lived for 5 years or more. Although all
participants were residing in the greater Reykjavik area in 1967 upon entry to the study, 64%
were born and raised in the countryside before moving to Reykjavik.
We classified every non-urban community as either a rural area or a seaside village by
using the 1974 National Land Survey of Iceland and the Icelandic Historical Statistics on
population density by region in 1940 and fish catch by place of processing in 1942 (138). We
classified 245 communities into 4 categories: Reykjavik, seaside villages, rural areas and
combination of seaside villages and rural areas. Rural areas were areas away from the sea or
areas by the sea which had no fishing industry and were classified as rural by the Icelandic
Historical Statistics. Seaside villages were areas by the sea with fishing industry and classified
as densely populated. For the residency analysis, we excluded individuals with early life
residency in communities classified as a combination of a rural and seaside village.
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Of the 9,076 subjects, information on first residency was available for 8,894 men who
had not been diagnosed with prostate cancer before entering the Reykjavik Study (Figure 2).
Of those, we excluded 303 whose first residency was a combination of seaside village and
rural area, leaving 8,591 men in the residency analysis.

3.3 Follow-up and ascertainment of outcome
We ascertained prostate cancer diagnoses through the Icelandic Cancer Registry (3, 5, 139).
Information on cause of death was obtained from Statistics Iceland. Classification of stage at
diagnosis was based on medical records and classified as stage I (incidental finding) included
T1a, NX/0, and MX/0. Stage II (tumor confined to prostate gland) included T1b/1c/1/2, NX/0,
and MX/0. Stage III (tumor extending through prostatic capsule) included T3, NX/0, and
MX/0. Stage IV (locally advanced or metastatic disease) included T4, NX/0, MX/0; or any T,
N1 and/or M1.
Stage information was available for approximately 61% of cases, while in the subgroup (AGES-Reykjavik cohort) stage information was available for 75% of cases. Men who
died from prostate cancer or had stage III or IV at diagnosis were classified as having
advanced prostate cancer. Information on Gleason grade was not available for this study.
Since 1990 there has been a rapid increase in prostate cancer incidence rates in Iceland, but at
the same time the mortality rates have remained stable, suggesting increased detection of nonlethal tumors (140).
Participants in the Reykjavik Study were followed from study entry (between 1967
and 1987), until diagnosis of prostate cancer (first diagnosis in 1971), death or the end of the
observation period (December 31, 2009). Because of computerized national roster that
includes a unique personal identification number for each person, follow-up is virtually
complete (141).

32

Figure 2. Number of men entering the study and developing prostate cancer
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3.4 Dietary habits in early life, midlife, and later life
In the AGES-Reykjavik cohort, 2,268 men, including men with a prior prostate cancer
diagnosis (n = 214), provided information on dietary habits in early life (between the ages of
14 and 19), midlife (between the ages of 40-50) and current intake (between the ages of 67 to
96) using a food frequency questionnaire (FFQ) (142). The FFQ provides information on
frequency for the same ten food groups for each time period with the following response
categories; 1) never, 2) less than once a week, 3) 1-2/ week, 4) 3-4/ week, 5) 5-6/ week, 6)
daily, and 7) more than once a day. These food groups were: milk and milk products, meat,
fish, blood sausage or liver sausage, potatoes, fruits, vegetables, oatmeal, rye bread, and fish
liver oil. In addition, a question on whole-wheat bread consumption is available for midlife
and late life.
For present diet, questions on additional food items were included such as for cakes,
cookies, candy, fruit juice, soft drinks, tea and coffee.
3.4.1 Validation of the FFQ
The FFQ designed for the AGES-Reykjavik cohort has been validated with regard to midlife
and current dietary habits.
For current dietary habits in later life, a subsample of people participating in a study
on the effects of training and food supplements on various health factors among elderly (65+),
answered the AGES-FFQ, and consequently filled out a 3-day weighed food record. Among
men (n = 53) there was a significant correlation between these two methods for milk, dairy
products, oatmeal/muesli and fish oil (r = 0.46-0.55). However, questions on fish meals, fish
toppings, rye bread and whole-wheat bread did not correlate significant to the reference
method (143).
For midlife dietary habits, a retrospective food consumption of 56-72-year-old
participants (n = 67) was estimated by comparing the results in the AGES-FFQ with detailed
dietary data (an hour-long interview on dietary habits in the past 3 months) gathered from the
same individuals 18-19 years previously. The strongest correlation between these two dietary
studies was found for fish oil (r = 0.53, P <0.001) and milk and milk products (r = 0.43, P
<0.001) among men. The correlation coefficient for fish and oatmeal consumption was within
reasonably acceptable range, while no correlation was found for midlife dietary history of rye
bread consumption (142).
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Validity of the early-life dietary assessment has not and cannot be investigated. Yet,
the data importantly show similar residency-dependent variation in dietary habits as
documented in contemporary studies by Sigurjónsson in 1939 (see table 2) (131).
3.4.2 Milk intake – paper I
The FFQ provides information on frequency of intake of milk and milk products (hereafter
referred to as milk) for all time periods. The type of milk was categorized as low fat, whole,
skim, or whey. The participants predominantly consumed whole, unpasteurized cow´s milk in
early-life, particularly in rural areas in the early 20th century. Industry-produced milk has not
been fortified with vitamin D during the study-period (1907-2006), although one product
(low- fat milk) has been available on the market since the early 1990’s with 0.38 µg vitamin
D in 100 grams of milk.
The intake was classified into two groups (out of seven answer-responses) based on
extreme intake of milk in early life, while retaining proportions sufficient for meaningful
analysis. This categorization was also used for midlife and later life. Low intake groups (less
than daily) represented 20.4% of the participants in early life and the high intake group (daily
or more) represented 79.6% (with 14.8% men consuming milk more than once a day).
3.4.3 Whole-grain consumption – paper II
The FFQ provides information on frequency of intake of rye bread and flatbread made of rye
(hereafter referred to as rye bread) and oatmeal for all time periods. The question on oatmeal
consumption during midlife and current periods also includes muesli. In addition, a question
on whole-wheat bread consumption is available for midlife and later life.
Low rye bread intake groups in early life (less than daily) represented 53.7% of the
participants (only 1.1% men never consumed rye bread) while the high intake group (daily or
more) represented 46.3% of the participants (only 2.7% men consumed rye bread more than
once a day).
Low oatmeal intake groups (≤4 per week) in early life included 61.5% of the
participants (with 13.3% who never consumed oatmeal) while the high intake group (5+ per
week) represented 38.5% of the participants (only 0.5% men consumed oatmeal more than
once a day). The same categorization for rye bread and oatmeal was also used in midlife and
later life.
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3.4.4 Fish and fish oil consumption – paper III
There were three questions on fish consumption in the FFQ. One concerned frequency of fish
meals (salted or smoked fish included), one on fish as topping on bread and in salad, and the
last one focused on salted or smoked fish. Possible response categories for the first two
questions were as described above (chapter 3.4). For the salted or smoked fish, possible
response categories were; 1) 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, and 6) daily.
Total fish consumption was estimated by combining the first two questions into one
variable. Numerical values were obtained by converting the weekly average estimates into
daily estimates. Never became zero fish per day, less than once a week became 0.07 per day,
1-2 times per week became 0.21 per day, 3-4 times a week became 0.5 per day, 5-6 times per
week became 0.79 per day, daily became 1 per day and more than once a day became 1.5 per
day. The standard portion for a single fish meal was defined as 150 grams and fish on bread as
40 grams, based on average portions in a national nutrition survey. The estimated proportion
of fish on bread/salad of a total fish meal was 40/150. The converted numerical value of fish
on bread was therefore multiplied with 0.27 and that value computed with the converted value
of fish meal per day. The total outcome was multiplied with 7 to gain the total consumption
per week.
Although the FFQ did not have separate questions for each fish type, cod and
haddock were the most common fish types consumed in Iceland in the early 20th century
(131) and also today. These lean species contain only small amounts of n-3 PUFAs and
vitamin D (144).
Fish liver oil (hereafter referred to as fish oil) supplements (liquid or capsules), rich in
n-3 PUFAs and vitamin D, were evaluated with one question for each period of life, using the
same response alternatives as for fish meals, omitting the last option of more than once a day.
We divided the participants into those who were high (> 2 portions per week) and low
(≤ 2 portions p/w) consumers of total fish for all three time periods. For total prostate cancer
we separated the high intake group into more than 2 portions up to 4 portions per week vs.
more than 4 portions per week. Only six participants never ate fish or fish topping on bread in
early life, two in midlife and four participants in current time.
Similarly, in the analysis for fish oil consumption we divided the groups into regular
consumers (once a week or more) and non-consumers for all three time periods. For salted or
smoked fish we separated high consumers (1+ /week) from low consumers (≤ 3 /month) in
early life and midlife. For later life the cut off for salted or smoked fish consumption was
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once per month or more often vs. less than once a month (1+ p/month vs. < 1 p/month). Only
54 participants never consumed salted or smoked fish in early life, 82 in midlife, and 340 in
later life.

3.5 Covariate Assessment
Information on potential confounders in midlife was retrieved from the questionnaire or
health check-ups at entry to the Reykjavik Study. We collected information on birth year, age
at entry to the study, family history of prostate disease (yes/no), early life residency (rural,
city, seaside village) (145), whether participants went regularly to a physician for a health
check-up (at least every third year) and education (elementary school, secondary school,
college education, and university education). Information on nutritional factors for all time
periods were obtained from the FFQ in the AGES-Reykjavik study as well as recall
information about physical activity in the past (137).
Body Mass Index (BMI, kg/m2) was calculated from weight and height measured at
the clinical exam at enrollment, categorized by obesity status (≥ 30 or <30 kg/m 2).
Participants were considered to have type 2 diabetes if they had a self-reported history or if
they had fasting blood glucose of ≥126 mg/dL at enrollment (134).

3.6 Statistical Analyses
3.6.1 Paper I – Residency analysis
We used Cox proportional hazard regression models to calculate hazard ratios (HRs) and 95%
confidence intervals (CIs) of localized or advanced prostate cancer for rural or seaside village
residencies in early-life, with capital residency as the reference. We adjusted our models for
birth year (continuous), age at study entry (continuous), height (continuous), BMI (≥30, <30
kg/m2), type 2 diabetes, family history of prostate disease, seeing a physician regularly, and
educational attainment (three categories: elementary or secondary school; college education;
university education). We also explored the associations within strata of duration at first
residency (moving from first residency before or after 20 years of age). Our own data and
previous work (146) indicate that the contrasts in diet were more extreme in earlier years;
thus, we dichotomized birth year at 1920 to study whether the associations between early life
residency and prostate cancer was stronger in earlier birth cohorts.
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3.6.2 Paper I, II, and III – Dietary analysis
We used logistic regression models to calculate odds ratios (ORs) and 95% confidence
intervals (CIs) of advanced, localized and total prostate cancer. We compared men who were
high and low consumers of milk (paper I), whole-grain (paper II), and fish and fish oil (paper
III) in early life and midlife.
For current intake of whole-grain, fish and fish oil we used proportional hazard
regression models to calculate hazard ratios (HRs) for advanced and total prostate cancer, as
prevalent cases were excluded.
We considered potential confounders and adjusted in multivariate models for birth
year (continuous), age at study entry in midlife (continuous), as well as: height (continuous),
BMI (≥30, <30 kg/m2), type 2 diabetes in midlife, education (three categories: elementary or
secondary school; college education; university education), family history of prostate disease,
and seeing a physician regularly (model two). In a third model, we further adjusted for other
potential confounders of food items/groups consumed in the same time period as the exposure
item in question. Fruit and vegetable intake as well as physical activity were excluded from
the models since they did not affect the estimates for any of the food items examined.
In a sensitivity analysis we used logistic regression models to calculate ORs and 95%
CIs of prostate cancer for milk and whole-grain (paper I and II) consumption in early life for
incident cases only, adjusting for the same covariates as was done in the third model.
Furthermore, for the estimates that were statistically significant in the models for rye bread
consumption (paper II) in early life we also provided confidence intervals for odds ratios
derived by bootstrapping using 200 samples (147).
For all statistical analyses we used PASW software, version 18.0 (SPSS Inc., 2009,
IBM Chicago, IL, www.spss.com), SPSS software, version 19.0 and STATA version 11
(StataCorp. 2009. Stata Statistical Software: Release 11. College Station, TX: StataCorp LP ).
The study protocol was approved by the Icelandic Ethical Review Board
(VSNb2007120014/03-7) and the Icelandic Data Protection Authority.
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4 Results
During an average follow-up (SD) of 24.3 (10.9) years among men (n = 8,591) with first
residency in Reykjavik, seaside village or rural area, 1,078 men were diagnosed with prostate
cancer, thereof 351 with advanced disease. These figures are presented without those (n =
303) who had a first residence in a combination of seaside villages and rural areas. Mean age
at diagnosis was 73.8 years.
The mean age (SD) among the subgroup (those with early life residency in a
combination of seaside villages and rural areas included) was 46.8 years (6.9) when the
participants entered the Reykjavik Study and 76.6 years (5.3) when they entered the AGESReykjavik component and provided the dietary information. The mean follow-up time (SD)
for these participants was 34.3 years (6.4), i.e. since they started the Reykjavik Study and
mean follow-up time (SD) from entry to the AGES-Reykjavik until diagnosis of prostate
cancer, death or the end of the observation period was 5.07 years (1.6).
After completion of the FFQ, 133 men were diagnosed with prostate cancer, of which
27 had advanced disease.

4.1 Dietary habits by residency, birth cohorts and time periods
Table 2 presents the extremes in consumption of different food items by early life residency.
The analysis was conducted for participants (n = 1,443) who lived in the same place for 19
years or longer. This was done to match the timeframe from the FFQ for early life (14 to 19
years of age). Our residency analysis showed an association of early life residency in rural
areas and advanced prostate cancer, particularly among participants born before 1920. Due to
limited infrastructure in Iceland during the first decades of the 20th century, different
residency areas were quite isolated and therefore characterized by distinct dietary differences,
solidly documented by Sigurjónsson (131). In addition, dietary habits were also affected by
social class and income (146). The vast majority of the older cohort was deceased when the
AGES-Reykjavik study was initiated. Still, we had information on dietary pattern from 212
participants born between 1907 and 1920, who lived in the same place for 19 years or longer.
According to table 2, a great variation in dietary habits was between areas in the first
half of the twentieth century, especially for men born between 1907 and 1920. Residency in
rural area represented high intake of milk, smoked and salted fish, meat and rye bread.
Furthermore, those in the older cohort with residency in rural area consumed almost no fruits
and were at higher risk of experiencing marginal food deprivation compared with those who
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lived in Reykjavik. Intake of fish oil was highest in Reykjavik and seaside villages compared
to rural residency. Fish intake was very high in sea villages among the older cohort, i.e. 64%
consumed fish meals five times per week or more.

Table 2. Dietary patterns in adolescence by residency and birth cohort

Table 3 shows dietary habits among the participants, reflecting availability of food
items as can be seen by the correlation coefficient that is generally low between adolescent
diet and current diet. Strongest correlation was found for rye bread (ρ = 0.36, P < 0.001)
between these two time periods. Meat consumption showed negative correlation (ρ = -0.06, P
= 0.008), suggesting a shift in consumption between regional areas and/or social groups
during this study period. Dietary habits also changed markedly during the study period with
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high consumption of salted or smoked fish declining from 60% to 7% from 1907 to 2006. The
highest category of total fish consumption also declined from 38% to 21%, whereas fish oil
consumption increased during the study period (30% vs. 61%), most probably due to greater
access, i.e. more people had the chance to consume fish oil later in life compared with earlier
in life.
Table 3. Dietary habits among participants through different time-periods
Adolescence
n (%)

Midlife
n (%)

Later life
n (%)

1097 (48.4)
301 (13.3)
868 (38.3)

300 (13.2)
1287 (56.8)
680 (30.0)

596 (26.3)
1203 (53.0)
470 (20.7)

987 (43.7)
1270 (56.3)

1465 (64.8)
797 (35.2)

2113 (93.3)
152 (6.7)

800 (35.4)
777 (34.2)
688 (30.4)

585 (25.9)
689 (30.5)
984 (43.6)

543 (24.0)
348 (15.4)
1371 (60.6)

less than daily
daily or more

463 (20.4)
1804 (79.6)

834 (36.9)
1425 (63.1)

1066 (47.1)
1197 (52.9)

less than daily
daily or more

1212 (53.7)
1046 (46.3)

1582 (70.0)
678 (30.0)

1659 (73.4)
601 (26.6)

2 times p/w or less
3 times p/w or more

864 (38.2)
1397 (61.8)

734 (32.5)
1525 (67.5)

696 (30.7)
1571 (69.3)

Fish
< 2 portions p/w
>2 up to 4 portions p/w
>4 portions p/w

Salted or smoked fish
3 times a month or less
once p/w or more

Fish oil
never
6 times p/w or less
daily

Milk and milk products

Rye bread

Meat

Spearmans´s ρ

P

0.11

< 0.001

0.19

< 0.001

0.19

< 0.001

0.25

< 0.001

0.36

< 0.001

-0.06

Salted or smoked meat
3 times a month or less
once p/w or more

1411 (62.5)
847 (37.5)

1560 (68.9)
703 (31.1)

2065 (91.3)
197 (8.7)

820 (36.3)
1416 (62.7)
21 (0.9)

134 (5.9)
2024 (89.6)
102 (4.5)

24 (1.1)
1517 (67.0)
724 (32.0)

563 (24.9)
1663 (73.6)
35 (1.5)

176 (7.8)
1967 (87.2)
114 (5.1)

167 (7.4)
1883 (83.1)
217 (9.6)

Fruits
never
6 times p/w or less
daily

Vegetables
never
6 times p/w or less

daily

0.26

< 0.001

0.07

0.001

0.23

0.000

Spearman's correlation analysis was performed when comparing dietary habits in adolescence and later life
P values were calculated by using Spearmans's correlation analysis
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0.008

4.2 Early life residency and milk intake – Paper I
In the Reykjavik Study, 34% of participants had first residency in a seaside village and 29%
in a rural area, before moving to the capital city, Reykjavik. Men with first residency in rural
areas were leaner and had less type 2 diabetes compared with the other groups. Mean age at
prostate cancer diagnosis was 73.1 years (n = 360) for men with early life residency from
Reykjavik, 73.9 years (n = 383) for men from sea village, and 74.6 years (n = 335) for men
from rural area. A sub-group of 2,268 participants reported their milk intake early, mid- and
current life. Majority of men who gave information about milk intake in early life (n = 1,930)
were from the younger birth cohort (born after 1920). Majority of participants (80%)
consumed milk and milk products daily in adolescence. Compared to those who did not
consume milk and milk products on a daily basis in early life, the high milk-intake group was
more likely to be rural (29% vs. 19%), have university education and prostatic disease in the
family, and less likely to smoke. Only 0.7% never used milk or milk products in adolescence.
Virtually all (98%) of participants consumed whole milk when they were teenagers, 83% of
them consumed whole milk in midlife and 31% in late life.

Early life residency
During an average follow-up of 24.3 (SD = 10.9) years among men with first residency in
Reykjavik, sea village or rural area, 1,078 men were diagnosed with prostate cancer, 351 with
advanced disease. Mean age at diagnosis was 73.8 years.
We observed a marginal association between rural residency for the first twenty years
of life and advanced prostate cancer, with a HR of 1.29 (95% CI: 0.97, 1.73), compared to
early life residency in Reykjavik. First residency in sea village, irrespective of duration, was
not associated with advanced prostate cancer (HR = 1.07, 95% CI: 0.82, 1.39). We further
explored the association for advanced prostate cancer and first residency in rural areas by
birth period and duration of residency. Compared to men with first residency in Reykjavik,
men with first residency in rural areas and born before 1920 had an HR of 1.70 for advanced
prostate cancer (95% CI: 1.14, 2.53), irrespective of duration of first residency. In contrast, no
association was present among men in rural areas born after 1920 (HR = 0.90, 95% CI, 0.62,
1.31). P-value for interaction between early life rural residency and birth cohort was 0.125.
There was no statistically significant association between early life residency and diagnosis of
localized prostate cancer.
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Milk intake
Compared to less than daily intake, men with high milk intake (1+/-day) in early life were
more likely to have been diagnosed with prostate cancer (OR = 1.58, 95% CI: 1.14, 2.18);
intake of milk in midlife was unassociated with risk (OR = 1.11, 95% CI: 0.86, 1.44). High
milk intake in adolescence was associated with over a 3-fold increased risk of advanced
prostate cancer, in the age-adjusted and multivariate models adjusting for lifestyle and other
dietary factors (OR = 3.22, 95% CI: 1.25, 8.28). When adding residency to the model, the risk
estimate for early life milk intake was only somewhat attenuated (OR = 2.89, 95% CI: 1.12,
7.48). No statistically significant associations were observed between frequent milk intake in
midlife and advanced prostate cancer in any of the models. High milk intake in early life was
marginally associated with localized prostate cancer risk (OR = 1.40, 95% CI: 0.99, 1.97), but
not midlife consumption (OR = 1.03, 95% CI: 0.80, 1.34). We found no significant
association between current milk intake and risk of advanced prostate cancer (OR = 1.36,
95% CI: 0.80, 2.33).

Sensitivity analysis
To address potential recall bias or differential survival, we performed a sensitivity analysis
limited to men with incident prostate. Compared to men consuming milk less than once per
day, the OR in the multivariate model for total prostate cancer was 1.38 (95% CI: 0.85, 2.25)
and 2.14 (95% CI: 0.62, 7.39) for advanced disease among men with high milk intake in
adolescence.

4.3 Whole-grain consumption – Paper II
Compared with those who did not consume rye bread on a daily basis, the high rye bread
group was more likely to have lived in a rural area in early life (33% vs. 21%, respectively).
Similarly, high vs. low oatmeal consumption was correlated with rural residency in early life
(37% vs. 21%, respectively). High oatmeal consumption both in early life and midlife was
associated with lower obesity.
Whole-grain intake
Men who consumed rye bread daily in adolescence were at decreased risk of prostate cancer
overall (OR = 0.76, 95% CI: 0.59-0.98), and more pronounced decrease for advanced cancer
(OR = 0.47, 95% CI: 0.27-0.84) compared with those consuming rye bread less than daily.
When milk intake in adolescence was not included in the model the association between early
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life rye bread consumption and advanced prostate cancer was marginally significant (OR =
0.57, 95% CI: 0.32-1.00). We examined further the association between rye bread
consumption in early life and advanced prostate cancer within the high milk group, which
yielded an odds ratio of 0.50 (95% CI: 0.28-0.91).
When adding early life residency to the multivariate model, the risk estimate for rye
bread consumption remained the same for advanced prostate cancer (OR = 0.48, 95% CI:
0.26-0.88). We further divided rye intake into three groups and explored the association with
advanced prostate cancer risk. We found a significant trend with risk estimates of 3-6 times
per week (OR = 0.77, 95% CI: 0.35-1.66), and daily or more (OR = 0.39, 95% CI: 0.17-0.87)
compared with two times per week or less (Ptrend = 0.009). In contrast to early life intake, we
found no association between daily consumption of rye bread in midlife with risk of prostate
cancer overall nor for advanced prostate cancer. With prevalent prostate cancer cases
excluded, we further explored the association between current daily rye bread intake and
prostate cancer incidence yielding no statistically significant associations; HR = 0.69 (95%
CI: 0.45-1.06) for total prostate cancer (n = 133) and HR = 0.64 (95% CI: 0.25-1.61) for
advanced prostate cancer (n = 27).
High intake of oatmeal in adolescence (≥5 vs. ≤4 times/ week) was not associated with
risk of prostate cancer diagnosis (OR = 0.99, 95% CI: 0.77-1.27), nor statistically significant
with advanced prostate cancer (OR = 0.67, 95% CI: 0.37-1.20). High intake of oatmeal in
midlife was not associated with prostate cancer risk and neither was current intake for neither
total prostate cancer (HR = 1.06, 95% CI: 0.74-1.52) nor advanced disease (HR = 0.99, 95%
CI: 0.44-2.23). Similarly, we found no association between intake of whole-wheat bread in
midlife, which was only reported for midlife and current time, and risk of total prostate cancer
(OR = 0.92, 95% CI: 0.71-1.18) nor with advanced prostate cancer (OR = 0.74, 95% CI 0.421.30). Similar results were obtained for current daily intake of whole-wheat bread for total
prostate cancer (HR = 1.07, 95% CI: 0.75-1.53) and advanced disease (HR = 0.96, 95% CI:
0.43-2.14).
Comparing low rye bread intake in both life periods, the risk estimates were very
similar for high intake in adolescence, irrespective of consumption pattern in midlife, which
suggests that the reduction of prostate cancer risk is mainly driven by early life consumption.
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Sensitivity analysis
We performed a sensitivity analysis limited to men who reported early life whole-grain
consumption. Compared with men consuming rye bread less than once per day, the OR in the
multivariate model for total prostate cancer was 0.82 (95% CI: 0.56-1.20) and 0.73 (95% CI:
0.32-1.68) for advanced disease among men with high rye bread consumption in adolescence.
We also performed sensitivity analysis using a bootstrap approach which largely confirmed
our main findings.

4.4 Consumption of fish products across the lifespan – Paper III
Fish intake
High total fish consumption in early life was neither associated with total, nor with advanced
prostate cancer (OR = 0.87; 95% CI: 0.66 – 1.13 and OR = 0.81; 95% CI: 0.46 – 1.42,
respectively). The same results were seen for midlife consumption (OR = 1.05; 95% CI: 0.71
– 1.57 and OR = 0.74; 95% CI: 0.35 – 1.56, respectively). Validation of current total fish
intake suggested low reliability and was therefore not examined.
High intake of salted or smoked fish during early life and midlife showed no
association with total prostate cancer. However, men consuming salted or smoked fish once a
week or more often during adolescence were at 2-fold increased risk for advanced prostate
cancer (OR = 1.98, 95% CI: 1.08 - 3.62) compared with consumption of 3 times per month or
less. When we added early life residency to the multivariate model, the risk estimate increased
slightly (OR = 2.16, 95% CI: 1.13 - 4.12). High intake of salted or smoked fish in midlife
showed no statistically significant association with advanced prostate cancer. However, we
also found a positive association with high consumption (1+ p/month vs. < 1 p/month) of
salted or smoked fish in old age (HR = 2.28, 95% CI: 1.04 - 5.00) and advanced prostate
cancer. When we added early life residency to the fully adjusted model, the risk estimate was
minimally affected (HR = 2.15, 95% CI: 0.96 - 4.81).

Fish oil
Early life consumption of fish oil was not statistically significant associated with total prostate
cancer or with advanced disease (OR = 1.06; 95% CI: 0.79 – 1.42 and OR = 0.92; 95% CI:
0.53 – 1.60, respectively). The same results were seen for midlife consumption (OR = 0.90;
95% CI: 0.68 – 1.20 and OR = 1.02; 95% CI: 0.56 – 1.85, respectively). For current fish oil
consumption in late life no significant association was found with total prostate cancer,
although daily consumption showed directions towards protective effect (HR = 0.72, 95% CI:
0.48 - 1.06). However, those consuming fish oil once a week or more often in late life were at
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decreased risk for advanced disease compared with those who never consumed fish oil (HR =
0.43, 95% CI: 0.19 - 0.95). When we added early life residency to the multivariate model, the
risk estimate for advanced disease was similar (HR = 0.45, 95% CI: 0.20 - 1.03).
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5 Discussion
5.1 Main findings and future studies
Overall, the findings of this thesis lend support to the relevance of early life environment and,
in particular, adolescent dietary habits for the development of advanced prostate cancer. Our
findings further indicate that fish oil intake in older age may possibly protect against
advanced prostate cancer while high consumption of salted and smoked fish in the same time
period may increase the risk.
The ability to study dietary factors across the life course is a particular strength of this
study design. Another important strength of this study is the large prospective cohort with
extensive covariate information allowing control for several potential confounding factors.
Further, record linkage to the cancer registry, permitted complete follow-up for prostate
cancer diagnoses and deaths. By study entry into the Reykjavik Study, nearly all participants
had equal access to the public health care system – thus having the same chance of getting
diagnosed with prostate cancer. However, due to incompleteness of stage information
(available for only 61% of cases in the Reykjavik Study and 75% in the AGES-Reykjavik),
some men with advanced disease at diagnosis were not classified as such. This probably
yields an underestimation of the observed association. In addition, in paper I, the ORs were
derived by contrasting the milk consumption and early life residency in advanced cases as
compared with localized cases and non-cases, which would yield a small underestimation,
whereas in paper II and III the comparison was made between advanced cases and non-cases
only. Yet, another limitation to our study is the lack of information about total energy intake
and fat intake. Still, total energy and fat have not been strongly linked with prostate cancer
incidence and thus are not likely important confounders of the association. In addition, we
only had crude information on the quantity of food items consumed limiting our opportunities
for assessing dose-response.
Finally, we cannot exclude the possibility that other unmeasured confounders obscure
our observations or that our findings are due to chance.
5.1.1 Paper I
We found that early life residency in rural areas, particularly in the beginning of the 20 th
century, was associated with increased risk of advanced or lethal prostate cancer. Frequent
milk intake in early life during ages 14 to 19 years was associated with a three-fold elevation
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of risk for advanced prostate. Nevertheless, the study has several limitations. First, the
classification of early life residency into rural areas and seaside villages rests on geographical
and historical evidence. This source of misclassification would probably dilute potential
differences observed or not observed in our data.
We are aware of only one earlier study from Sweden on both residency and dietary
patterns in early life and risk of prostate cancer (34). In that study, rural residency in early life
was associated with reduced risk of prostate cancer diagnosis which, as interpreteted by the
investigators, could be due to greater access to medical care and more prostate cancer
diagnoses in more densely populated areas. Furthermore, it is unlikely that different
residential areas in Sweden had variation in nutritional exposures as extreme as that observed
in Iceland in the early 1920s. Our residency analysis showed an association with advanced
prostate cancer only among participants born before 1920. Due to limited infrastructure in
Iceland during the first decades of the 20th century, different residency areas were quite
isolated and therefore characterized by distinct dietary differences, as documented by
Sigurjónsson (131). Later, infrastructure was rapidly developed, particularly around World
War II, increasing trade and opportunities for more diverse diets. This is reflected in our
results indicating greater differences in dietary habits between areas in the older birth cohort
(1907-1920) compared to the younger birth cohort (1921-1935). Therefore, although other
factors may play a role, we hypothesize that greater dietary differences in the older birth
cohort may explain the association of early life residency in rural areas and risk of advanced
prostate cancer later in life.
There are several plausible mechanisms for the link between early life milk intake and
risk of advance prostate cancer. High milk consumption may increase plasma IGF-I levels in
middle aged individuals, (36) adolescents and children (96, 97). IGF-I levels in adulthood
might be “programmed” by early life nutrition (98); two studies have found early life milk
intake to reduce IGF-I levels in adult life (99, 100) suggesting that the IGF pathway in adult
life is not underlying our findings. On the other hand, it is possible that childhood milk
consumption influences the risk of advanced prostate cancer later in life through elevated
IGF-I levels at critical period of prostate development during puberty. This and other further
viable mechanisms that may explain the association needs further investigation.
5.1.2 Paper II
We found that frequent rye bread consumption during adolescence was associated with a
decreased risk of prostate cancer and particularly advanced prostate cancer. In contrast,
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frequent oatmeal consumption in adolescence was not (statistically significantly) associated
with prostate cancer risk nor was midlife or late life consumption for rye bread, oatmeal or
whole-wheat bread. Early life residency in rural area, representing high milk and rye bread
consumption, was associated with prostate cancer risk, indicating confounding effect by milk
consumption. The association between early life rye consumption and prostate cancer risk was
thus more evident after adjusting for early life milk consumption and the estimates did not
change when we additionally adjusted for early life residency. Our findings on midlife
consumption are in line with result from a Danish study on whole-grain intake showing no
significant association (56).
A previous validation study of the AGES-FFQ midlife dietary habits, the retrospective
assessment of midlife rye bread consumption did not correlate with dietary data gathered from
the same individuals 18-19 years previously (n = 67) (142). This would however typically
lead to underestimation of the observed associations and even failure to observe true
associations, for example a potential association between oatmeal consumption in early life as
well as midlife rye bread consumption and advance prostate cancer. It must be noted that
results from the validation study on current food consumption were not available at the time
when paper II was written where results on rye bread and whole-grain bread consumption also
suggested low reliability.
Potential mechanisms that could mediate the effect of rye bread consumption on
reduced prostate cancer risk have not been sufficiently explored. In animal models, rye bran
has especially protective properties against prostate cancer (57-59), most likely because of its
high lignans content compared to oatmeal and wheat (43). Since there are few human studies
available on rye consumption and prostate cancer risk our attention has been drawn to studies
on lignans consumption or serum level of enterolactone, a metabolite of lignans. A small
case-control study (83 cases vs. 103 controls) did not find an association between
consumption of lignan precursors (such as flaxseed, dark bread, broccoli, coffee and tea) and
prostate cancer risk (148). However, a case-control study (433 cases vs. 538 controls) in the
United States found an inverse association between high intake of lignans and prostate cancer
(149). Both studies assessed the diet 1-2 years prior to diagnosis and they did not distinguish
between localized and advanced disease. One case-control study has found high serum levels
of enterolactone to decrease prostate cancer risk (150). Two nested case-control studies and
one prospective study have not observed an association between enterolactone and prostate
cancer (151-153).
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While a prospective study on whole grain rye consumption among men in their fifties
did not observe association with prostate cancer risk (56), some evidence indicates late effect
of rye bran on prostate cancer progression. A pilot intervention study found a reduced plasma
prostate-specific antigen (PSA) among patients with prostate cancer consuming rye whole
grain and bran compared with patients consuming refined wheat products (60) and another
pilot study suggests that rye bran bread can increase apoptosis in prostate tumors (61).
Alternatively, rye has been suggested to have positive effects on long-term insulin secretion
(46, 47), which could be important since prostate cancer has been associated with insulin
resistance (48-50). Insulin is indeed a growth factor for many tumors and hyperinsulinemia
results in increased availability of insulin-like growth factor-1 (IGF-1) (154), a potential risk
factor for prostate cancer (92).
The fact that we did not get the same results for oatmeal consumption as we did for
rye bread consumption, possibly strengthens the hypothesis between lignans and prostate
cancer, because oatmeal contains only half the amount of total lignans compared with rye, and
different types of lignans (43). Possibly a combination of lignans and fiber from rye affects
different mechanisms and should be studied further, especially for early life period.
The association between consumption of whole grain products at different stages of
life and prostate cancer risk should also be studied further in large cohorts with more
advanced prostate cancer cases as some of the estimates suggest a decreased risk.
5.2.3 Paper III
Consumption of total salted or smoked fish and intake of fish oil during different periods of
life was not associated with risk of prostate cancer overall. In contrast, the risk of advanced
prostate cancer was increased following high intake of smoked or salted fish during
adolescence and adulthood, and substantially reduced among men who consumed fish oil at
older age. Although our results for total fish intake in adulthood are in line with a recent metaanalysis (68), we emphasize that our study was conducted in a population with a uniquely
high intake of particularly lean fish. Hence, the reference group could in fact also be classified
as a “high intake group”. Thus, it cannot be ruled out that a potential beneficial threshold level
might already be reached by our reference group.
To our knowledge only one other study (population-based case-control) assessed early
life fish intake and prostate cancer risk, and found a marginally increased risk following
frequent fish consumption (34). The discrepancy to our findings could be due to different
study design, dissimilar fish species consumed, and different methods of collecting data on
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diet. We have previously reported that residency in seaside villages, with exceptionally high
fish consumption for the first twenty years of life, was not associated with prostate cancer risk
(145).
Unexpectedly, we discovered a positive association between frequent salted or smoked
fish consumption both in early- and late life and advanced prostate cancer. A case-control
study from China assessed intake 5 years prior to diagnosis and reported similar findings on
salted fish and total prostate cancer (155), while this has not been observed before for early
life consumption. Early life rural residency in Iceland during the beginning and middle of the
20th century is associated with increased risk of advanced prostate cancer (145). At that time
high intake of milk, smoked and salted fish, meat and rye bread was typical. Thus, although
we previously suggested that high milk consumption could explain our findings for rural
residency, we cannot rule out that salted or smoked fish intake might also play a role.
We found no association between fish oil consumption in early-and midlife and
prostate cancer, while late life consumption was protective against advanced prostate cancer.
This finding suggests a role in disease progression rather than etiology and fits with results on
high prediagnostic plasma 25-hydroxyvitamin D predicting improved prostate cancer
prognosis (76).
In summary, our data suggest that salted or smoked fish may increase risk of advanced
prostate cancer, while fish oil consumption among elderly men may have a protective effect
against advanced prostate cancer. Our findings on salted and smoked fish could perhaps
explain to some extent why studies of fish consumption and prostate cancer have shown
mixed results as many studies don’t have information on how the fish has been processed. In
addition, we only observed reduced risk associated with fish oil consumption, not with high
lean fish consumption, which suggests a mechanism involving n-3 PUFAs and/or vitamin D
in the progression of prostate cancer.

5.2 Recall bias
Our study is particularly vulnerable to recall bias. Men with prevalent prostate cancer may
evaluate their past food consumption in early- and midlife differently from men without
prostate cancer. Yet, our findings indicate that only food items consumed in early life, not
midlife, are associated with advanced prostate cancer (not localized prostate cancer) which
argues against systematic over-reporting of past intake of certain food items between men
with and without prostate cancer. Furthermore, any associations between rye bread and salted
or smoked fish are not known in the general Icelandic population. In addition, participants in
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the AGES-Reykjavik study did not know that the information on dietary habits would later be
used to identify possible risk factors for prostate cancer. In order for us to explore the risk of
this bias in our data, we further conducted a sensitivity analysis on incident cases only. This
analysis, although with lower statistical power, yielded a similar direction of the assessed
associations, which largely confirmed our findings including both prevalent and incident
cases.
This study is also vulnerable to non-differential recall bias since participants have to
evaluate their dietary habits in the distant past. Yet, analyses that were based on area of
residence are unlikely to be affected by differential recall (paper I) and although some
misclassification of the diet exposure may be expected, it has indeed been demonstrated that
food-related memory from childhood over four decades later can be as accurate as from
current diet, especially for food items eaten rarely or daily (156).
A validation study on midlife food consumption in the AGES-Reykjavik showed that
participants were acceptably ranked by their intake of several important food groups (142).
Still, there is a great uncertainty with assessing dietary habits for a long period of time i.e.
between 40 and 50 years of age, including adherence to the reported habits. This would,
however, typically lead to underestimation of the observed associations and even failure to
observe true associations.
A validation study on current food consumption also showed overall acceptable
results, except for fish meals, rye bread and whole-grain bread. This could perhaps be due to
the inability of the 3-day food record, used as a reference method, to adequately reflect
individual intake of food items that are consumed 1-2 times per week or 3-4 times per week
(143).
Lastly, the validity of early life dietary assessment has not, and cannot, be
investigated. But our data importantly show similar residency-dependent variation in dietary
habits as documented in contemporary studies by Sigurjónsson in 1939 (131). Nevertheless,
we remain cautious in our interpretation of our findings, particularly on whole grain (paper
II), since the validity of midlife and current assessment was low and may have prohibited
disclosure of real associations in our study.
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6 Conclusion and future studies
This thesis highlights the potential role of early life diet for prostate cancer risk and the
findings are consistent with migrant studies showing that it takes at least one generation to
gain prostate cancer risk of the host country (132). Our data suggest that rye bread, milk and
salted or smoked fish consumed in adolescence affect prostate cancer risk. While fish oil
consumption among elderly men is associated with decreased risk of advanced prostate
cancer, salted or smoked fish consumption in the same time period may increase the risk of
advanced disease.
We believe that our data are indeed solid and provide important evidence for the role
of adolescence as a “sensitive period” for prostate cancer development. However, we remain
cautious in our interpretation – causal inferences are not made on these studies alone.
Therefore, more studies are needed to confirm our findings and to explore possible
mechanisms behind this association. Importantly though, our study population consists of
Caucasian men born in the early 20th century originating from a small, relatively isolated
population with very distinct dietary habits. Thus, future studies testing the generalizability of
our findings will inevitably be challenged by the increased complexities of modern lifestyle
and diet.
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The authors investigated whether early-life residency in certain areas of Iceland marked by distinct differences in
milk intake was associated with risk of prostate cancer in a population-based cohort of 8,894 men born between
1907 and 1935. Through linkage to cancer and mortality registers, the men were followed for prostate cancer
diagnosis and mortality from study entry (in waves from 1967 to 1987) through 2009. In 2002–2006, a subgroup of
2,268 participants reported their milk intake in early, mid-, and current life. During a mean follow-up period of 24.3 years,
1,123 men were diagnosed with prostate cancer, including 371 with advanced disease (stage 3 or higher or prostate
cancer death). Compared with early-life residency in the capital area, rural residency in the ﬁrst 20 years of life was
marginally associated with increased risk of advanced prostate cancer (hazard ratio ¼ 1.29, 95% conﬁdence interval
(CI): 0.97, 1.73), particularly among men born before 1920 (hazard ratio ¼ 1.64, 95% CI: 1.06, 2.56). Daily milk
consumption in adolescence (vs. less than daily), but not in midlife or currently, was associated with a 3.2-fold risk
of advanced prostate cancer (95% CI: 1.25, 8.28). These data suggest that frequent milk intake in adolescence
increases risk of advanced prostate cancer.
adolescent; diet; Iceland; milk; prostatic neoplasms; risk factors

Abbreviations: AGES, Age, Gene/Environment Susceptibility; CI, conﬁdence interval; HR, hazard ratio; IGF-1, insulin-like growth
factor 1; OR, odds ratio.

and risk of prostate cancer (11), and in the Boyd Orr cohort
study, van der Pols et al. (12) found reduced risk with increased
childhood consumption of milk. Studying early-life exposure
is challenging because of a lack of variation in intake patterns
and the need for follow-up over many decades.
In the early and mid-20th century in Iceland, there was
considerable variability in dietary habits between residential
areas because of the relative isolation of some regions. A 1939
household questionnaire found that consumption of milk was
4 times higher in rural areas than in seaside villages and twice
that in the capital, Reykjavik (13). Thus, Iceland represents
a natural experiment with which to study dietary patterns in
early life.
Nationwide cancer registers began to be kept in Iceland in
1955 (14). The age-standardized incidence of prostate cancer

Prostate cancer is one of the most common malignancies
in the Western world (1), and its etiology remains largely
unknown. Most (2–8) but not all (9) epidemiologic studies
have found milk intake during adult life to be associated with
an elevated risk. The association is largely limited to advanced
disease (3, 10), and studies of screen-detected or early-stage
disease tend to be null (9). This difference is important, given
the substantial heterogeneity in the biologic potential of prostate
cancer and the need to identify risk factors and opportunities
for prevention of advanced disease.
Early-life diet may be important in the pathogenesis of
prostate cancer, particularly around puberty when the prostate
grows and matures. Few studies have addressed milk intake
in early life and prostate cancer risk. A Swedish study found
no association between early-life exposure to dairy products
1
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in Iceland has increased dramatically to become one of the
highest in the world: 100.6 per 100,000 men in 2004–2008
(15; http://www.cancerregistry.is). Using these populationbased data sources and the well-characterized Age, Gene/
Environment Susceptibility (AGES)-Reykjavik cohort, we
investigated whether residency-dependent milk consumption in early life was associated with the risk of prostate
cancer.
MATERIALS AND METHODS
Study population

Classiﬁcation of residency

Participants provided information on residency from birth
throughout their lives. Participants listed all the places they
had lived for 5 years or more. Although all participants were
residing in the greater Reykjavik area in 1967 upon entry into
the study, 64% had been born and raised in the countryside
before moving to Reykjavik.
We classified every nonurban community as either a rural
area or a seaside village by using the 1974 National Land
Survey of Iceland and Icelandic historical statistics on population density by region in 1940 and fish catch by place of
processing in 1942 (20). We classified 245 communities into
4 categories: Reykjavik, seaside villages, rural areas, and
combinations of seaside villages and rural areas. Rural areas
were areas away from the sea or areas by the sea which had
no fishing industry and were classified as rural in the Icelandic
historical statistics. Seaside villages were areas by the sea that
had a fishing industry and were classified as densely populated.
For the residency analysis, we excluded communities classified
as a combination of a rural area and a seaside village.
Of the 9,076 subjects, information on first residency was
available for 8,894 men who had not been diagnosed with
prostate cancer before entering the Reykjavik Study (Figure 1).
Of those, we excluded 303 whose first residency had been in
a combination seaside village and rural area, leaving 8,591 men
in the residency analysis.

In the AGES-Reykjavik Study, 2,268 men, including men
with a prior diagnosis of prostate cancer, provided information
on dietary habits in early life (ages 14–19 years), in midlife
(ages 40–50 years), and at the present time using a validated
food frequency questionnaire (21). The food frequency questionnaire obtained information on frequency of intake of milk
and milk products (hereafter referred to as milk) and 9 other
food groups for each time period, with the following response
categories: 1) never, 2) less than once a week, 3) 1–2 times
per week, 4) 3–4 times per week, 5) 5–6 times per week,
6) daily, and 7) more than once a day. The 9 other food groups
were meat, fish, blood sausage or liver sausage, potatoes,
fruits, vegetables, oatmeal, rye bread, and fish liver oil. The
type of milk consumed was categorized as low-fat, whole,
skim, or whey.
Covariate assessment

Information on possible confounders was retrieved from
the questionnaire or examination completed at study entry.
We recorded birth year, age at entry into the study, history of
prostate disease in the family, whether the participant went
regularly to a physician for a health check-up (at least every
third year), and education. Education was categorized as
elementary school, secondary school, college education (upper
secondary schooling), or university education.
Body mass index (weight (kg)/height (m)2) was calculated
at enrollment, and participants were categorized by obesity
status (30 (obese) vs. <30 (nonobese)). Participants were
considered to have type 2 diabetes if they had a self-reported
history of diabetes or had a fasting blood glucose level
of 126 mg/dL at enrollment (16). Information on nutritional
factors in early life, in midlife, and at present, other than milk
intake (such as intake of fish liver oil, fish, meat, rye bread,
fruits, and vegetables), was obtained for the subgroup that completed the food frequency questionnaire in 2002–2006 (21).
Follow-up and ascertainment of outcome

We ascertained prostate cancer diagnoses through the Icelandic Cancer Registry (14, 22; http://www.cancerregistry.is).
Information on cause of death was obtained from Statistics
Iceland. Classification of tumor stage at diagnosis was based
on medical records. Tumors were classified as stage I (incidental finding), including T1a, NX/0, and MX/0; stage II (tumor
confined to prostate gland), including T1b/1c/1/2, NX/0, and
MX/0; stage III (tumor extending through prostatic capsule),
including T3, NX/0, and MX/0; or stage IV (locally advanced
or metastatic disease), including T4, NX/0, and MX/0 or
any T, N1, and/or M1. Stage information was available for approximately 61% of cases. Men who died from prostate cancer
or had a stage III or IV tumor at diagnosis were classified as
having advanced prostate cancer.
Participants were followed from study entry (between 1967
and 1987) to diagnosis of prostate cancer (first diagnosis in
1971), death, or the end of the observation period (December
31, 2009). Because the Icelandic government uses a computerized national roster that includes a unique personal

Downloaded from http://aje.oxfordjournals.org/ at Landspitalinn on December 21, 2011

The Reykjavik Study is a population-based prospective
cohort study that was initiated in 1967 by the Icelandic
Heart Association. All men living in the capital area in
December 1966 and born between 1907 and 1935 were identified (n ¼ 14,923), and a random set of 12,842 men were
invited to undergo examinations at different stages between
1967 and 1987; 9,115 men responded (71% response rate)
(16–18). We excluded men diagnosed with prostate cancer
prior to entry (n ¼ 19) and those with incomplete follow-up
(n ¼ 20), which left 9,076 men in our cohort.
The examination included a detailed medical examination
and completion of a health-related questionnaire, including
questions on place of birth and residence history. For our
analysis, we only used data from the first clinical visit or entry
into the study. A subgroup of 2,268 participants were later
enrolled in the AGES-Reykjavik Study, which was initiated
in 2002, and completed a questionnaire about diet in youth,
in midlife, and at present, as described by Harris et al. (19)
(see Figure 1).
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identification number for each person, follow-up was virtually
complete (23).
Statistical analyses

We used Cox proportional hazards regression models to
calculate hazard ratios and 95% confidence intervals for localized or advanced prostate cancer according to residency (rural
area or seaside village) in early life, with residence in the
capital (Reykjavik) as the reference category. We adjusted
our models for birth year (continuous), age at study entry
(years; continuous), height (cm; continuous), body mass index
(30 vs. <30), type 2 diabetes, family history of prostate
disease, seeing a physician regularly, and educational attainment (3 categories: elementary or secondary school, college
education, or university education). We also explored the
associations within strata of duration at first residency (moving
from the first residence before or after 20 years of age). Our
own data and previous work (24) indicated that the contrasts
in diet were more extreme in earlier years; thus, we dichotomized birth year at 1920 in order to study whether the
association between early-life residency and prostate cancer
was stronger in earlier birth cohorts.

The milk analysis was based on a subgroup of men who
completed the food frequency questionnaire, including
men with combined residency. In this analysis, we used
binary logistic regression models to calculate odds ratios and
95% confidence intervals for advanced and localized prostate
cancer, since the cancer cases were both incident and prevalent. We contrasted the odds of prostate cancer among high
(daily or more often) and low (less than daily) consumers of
milk in early life, as well as according to midlife and current
milk consumption. We created the cutpoint based on extreme
intake of milk in early life, while retaining proportions sufficient for meaningful analysis. Low intake groups (less than
daily) represented 20.4% of the participants, and the high
intake group (daily or more) represented 79.6% (with 14.8% of
men consuming milk more than once a day). We adjusted our
models for birth year (continuous), age at study entry (continuous), height (continuous), body mass index (30 vs. <30),
type 2 diabetes, education (in 3 categories, as above), family
history of prostate disease, and seeing a physician regularly.
In a third model, we further adjusted for consumption of fish
(in 3 categories: 2 portions per week, 2.1–4.0 portions per
week, and 4.1 portions per week), fish oil (never vs. once
a week or more), meat (4 times per week vs. 5 times per

Downloaded from http://aje.oxfordjournals.org/ at Landspitalinn on December 21, 2011

Figure 1. Selection of participants from the Reykjavik Study and the Age, Gene/Environment Susceptibility (AGES)-Reykjavik Study, Iceland,
1967–2009.
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week), and rye bread (daily or more often vs. less than
daily).
In a sensitivity analysis, we used binary logistic regression
models to calculate odds ratios and 95% confidence intervals
for total and advanced prostate cancer according to milk intake
for incident cases only, adjusting for the same covariates as
in the third model for milk intake.
For all statistical analyses, we used PASW software,
version 18.0 (SPSS Inc., Chicago, Illinois; www.spss.com).
The study protocol was approved by the Icelandic Ethical
Review Board and the Icelandic Data Protection Authority.

in Reykjavik, men with first residency in rural areas and born
before 1920 had a hazard ratio of 1.70 for advanced prostate
cancer (95% CI: 1.14, 2.53), irrespective of duration of first
residency (Table 3). In contrast, no association was present
among men from rural areas who had been born after 1920
(HR ¼ 0.90, 95% CI: 0.62, 1.31). The P value for interaction
between early-life rural residency and birth cohort was 0.125.
There was no statistically significant association between
early-life residency and diagnosis of localized prostate cancer
(Table 3).
Milk intake

RESULTS

Sensitivity analysis
Early-life residency

During an average follow-up period of 24.3 years (standard
deviation, 10.9), 1,078 men were diagnosed with prostate
cancer, 351 with advanced disease. Mean age at diagnosis
was 73.8 years.
We observed a marginal association between rural residency for the first 20 years of life and advanced prostate
cancer, with a hazard ratio of 1.29 (95% confidence interval (CI): 0.97, 1.73) compared with early-life residency in
Reykjavik. First residency in a seaside village, irrespective of
duration, was not associated with advanced prostate cancer
(hazard ratio (HR) ¼ 1.07, 95% CI: 0.82, 1.39). We further
explored the association between advanced prostate cancer and first residency in a rural area by birth period and
duration of residency. Compared with men with first residency

To address potential recall bias or differential survival, we
performed a sensitivity analysis limited to men with incident
prostate cancer (n ¼ 133) in the AGES-Reykjavik Study;
only 27 were diagnosed with advanced disease. Compared
with men consuming milk less than once per day, the odds
ratio for total prostate cancer in the multivariate model was
1.38 (95% CI: 0.85, 2.25). The odds ratio for advanced disease among men with a high milk intake in adolescence was
2.14 (95% CI: 0.62, 7.39).
DISCUSSION

With limited infrastructure and isolated residential areas
in Iceland during the early 20th century, the diets of many
of these areas’ inhabitants were largely limited to locally
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In the Reykjavik Study, 37% of men had their first residence in Reykjavik, 34% in a seaside village, and 29% in
a rural area. Table 1 shows the characteristics of the cohort
(n ¼ 8,591) by first residency. Average duration of first
residency was longest among those with first residence in
Reykjavik, because the majority never moved away. Participants with first residency in rural areas were equally
distributed within the 2 birth cohorts, but participants who
came from Reykjavik or a seaside village were more likely
to be in the younger birth cohort (1921–1935). Men with
first residency in rural areas were leaner and had less type 2
diabetes. Mean age at prostate cancer diagnosis was 73.1 years
(n ¼ 360) for men with early-life residency in Reykjavik,
73.9 years (n ¼ 383) for men from seaside villages, and
74.6 years (n ¼ 335) for men from rural areas.
Table 2 shows the characteristics of the subpopulation
(n ¼ 2,267) who gave information about milk intake in early
life. Most (n ¼ 1,930) were from the younger birth cohort
(born after 1920). A majority (80%) had consumed milk and
milk products daily in adolescence. Compared with those
who did not consume milk and milk products daily, the high
milk-intake group was more likely to be rural (29% vs. 19%),
more likely to have a university education, more likely to
have prostatic disease in the family, and less likely to smoke.
Only 0.7% had never consumed milk or milk products in
adolescence. Virtually all (98%) of the participants had consumed whole milk when they were teenagers; 83% of them
consumed whole milk in midlife, and 31% in late life.

Of the 2,267 men who provided information on early-life
milk intake, 346 had a prostate cancer diagnosis; 213 cases
were diagnosed before completion of the food frequency
questionnaire and 133 incident cases were diagnosed later
during follow-up. Information on tumor stage at diagnosis was
available for 258 men (75%), and 63 had advanced disease.
Table 4 presents odds ratios and 95% confidence intervals for
advanced and localized prostate cancer by milk intake in
adolescence and mid- and late life.
Compared with less than daily intake, men with a high milk
intake (at least once a day) in early life were more likely to have
been diagnosed with prostate cancer (odds ratio (OR) ¼ 1.58,
95% CI: 1.14, 2.18); intake of milk in midlife was unassociated with risk (OR ¼ 1.11, 95% CI: 0.86, 1.44). High milk
intake in adolescence was associated with over a 3-fold increased risk of advanced prostate cancer in the age-adjusted
model and in the multivariate model adjusting for lifestyle
and other dietary factors (OR ¼ 3.22, 95% CI: 1.25, 8.28).
When residency was added to the model, the risk estimate
for early-life milk intake was only somewhat attenuated
(OR ¼ 2.89, 95% CI: 1.12, 7.48). No statistically significant
associations were observed between frequent milk intake in
midlife and advanced prostate cancer in any of the models.
High milk intake in early life was marginally associated with
localized prostate cancer risk (OR ¼ 1.40, 95% CI: 0.99, 1.97)
but not midlife consumption (OR ¼ 1.03, 95% CI: 0.80, 1.34).
We found no significant association between current high
milk intake and risk of advanced prostate cancer (OR ¼ 1.36,
95% CI: 0.80, 2.33).
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Table 1. Characteristics of Male Participants in the Reykjavik Study According to the Location of Their First Residence, Iceland, 1967–2009
Location of First Residence
Reykjavik Area (n 5 3,188)
No.

%

Mean (SD)

Seaside Village (n 5 2,944)

Median

No.

%

Mean (SD)

Rural Area (n 5 2,459)

Median

No.

%

Mean (SD)

Median

Duration of residence
at ﬁrst location,
years

44.0 (14.2)

47

21.9 (12.5)

20

19.8 (8.9)

20

Age at ﬁrst visita,
years

51.2 (8.3)

51

52.2 (8.5)

52

53.7 (8.7)

53

177.0 (6.4)

Height at ﬁrst
visita, cm

176.1 (6.2)

176.2 (6.3)

Height by birth
period, cm
1907–1920

1,078

34

174.5 (6.1)

1,203

41

174.1 (6.0)

1,234

50

174.8 (6.0)

1921–1935

2,110

66

178.3 (6.2)

1,741

59

177.5 (5.9)

1,225

50

177.5 (6.2)

26.0 (3.6)

25.7 (3.4)

25.6 (3.3)

Age group at ﬁrst
visita, years
33–40

346

11

265

9

155

6

41–50

1,124

35

1,005

34

750

31

51–60

1,338

42

1,203

41

1,065

43

61–70

306

10

360

12

356

15

71–79

74

2

111

4

133

5
33

Year of ﬁrst visita
1967–1970

1,104

35

1,049

36

821

1971–1980

1529

48

1,403

48

1,276

52

1981–1987

555

17

492

17

362

15

2,477

78

2,357

80

1,877

76

College
(postsecondary)

411

13

365

12

279

11

University

Education
Primary and
secondary

300

9

222

8

303

12

Prostate disease in
the family

257

8

260

9

219

9

Regular health
check-up

744

23

612

21

480

20

Diabetes type 2 at
ﬁrst visita

155

4.9

133

4.5

74

3.0

Body mass
index 30

363

11.4

285

9.7

211

8.6

Smoking status at
ﬁrst visita
Never smoker

581

18

599

20

627

25

Former smoker

718

23

676

23

615

25

Current smoker

1,889

59

1,669

57

1,217

50

Entry into the AGESReykjavik Study
in 2002–2006

816

26

725

25

597

24

Consuming milk in
adolescence
more than once
a dayc

110

14

90

12

118

20

Abbreviations: AGES, Age, Gene/Environment Susceptibility; SD, standard deviation.
Participants underwent the ﬁrst clinical examination (ﬁrst visit) between 1967 and 1987.
b
Weight (kg)/height (m)2.
c
Data were available only for those men who entered the AGES-Reykjavik Study.
a
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Table 2. Characteristics of Male Participants in the AGES-Reykjavik Study Who Gave Information on Milk Intake in Adolescence, Iceland,
1967–2009
Milk Intake in Adolescence
Higha (n 5 1,804)
No.

%

Age at entry into AGES-Reykjavik, years

Mean (SD)

76.5 (5.4)

Height at ﬁrst visitc, cm
Body mass indexd at ﬁrst visitc

Lowb (n 5 463)
Median

No.

%

76

Mean (SD)

76.6 (5.3)

178.1 (6.1)

177.4 (5.9)

25.4 (3.1)

25.6 (3.0)

Median

76

Education
Primary and secondary
College (postsecondary)
University

1,301

72

365

79

257

14

55

12

246

14

43

9

Prostate disease in the family

187

10

38

8

Regular health check-up

327

18

93

20

31

1.7

7

1.5

Smoking status at ﬁrst visitc
Never smoker

476

26

98

21

Former smoker

430

24

100

22

Current smoker

898

50

265

57

Reykjavik

648

36.7

168

37.5

Seaside village

543

30.7

182

40.6

Rural area

512

29.1

85

19.0

61

3.5

13

2.9

127

7.1

36

7.8

Location of ﬁrst residencee

Combination of rural area and seaside village
Body mass index 30 at ﬁrst visitc,f

Abbreviations: AGES, Age, Gene/Environment Susceptibility; SD, standard deviation.
Once a day or more.
Less than once a day.
c
In midlife when entering the Reykjavik Study.
d
Weight (kg)/height (m)2.
e
Data on residency were missing for 15 men with low milk intake and 40 men with high milk intake.
f
Information on body mass index was missing for 4 men in the high-milk-intake group.
a
b

produced food available on-site: fish from the sea or livestock
raised on the farm. Thus, Iceland offers a unique setting in
which to test hypotheses regarding early-life diet and cancer.
We found that early-life residency in rural areas, particularly
in the beginning of the 20th century, was associated with
increased risk of advanced or lethal prostate cancer. Frequent
milk intake at ages 14–19 years was associated with a 3-fold
elevation in risk for advanced prostate cancer. These findings
highlight the potential role of early-life diet in prostate cancer
risk and are consistent with migrant studies showing that it
takes at least 1 generation for migrants to incur the prostate
cancer risk of the host country (25). Indeed, a study from
Sweden found that immigrants entering Sweden in their 20s
retained prostate cancer incidence rates similar to those of
their native country (26).
An important strength of this prospective study was the
large cohort and the extensive information on covariates.
Further, record linkage to the Icelandic cancer registry permitted complete follow-up for prostate cancer diagnoses and
deaths. By study entry, nearly all participants had equal access
to the public health care system. Nevertheless, the study had

several limitations. First, the classification of early-life residency into rural areas and seaside villages rested on geographic and historical evidence. Second, we had only crude
information on the quantity of milk consumed in both adolescence and adulthood, because it was evaluated retrospectively
by the participants, often several decades later. Our study
may thus be vulnerable to recall bias, although a previous
study indicated that recall of childhood food intake over
4 decades later can be as accurate as the reporting of current
diet, especially for food items eaten rarely or daily (27). Also,
to affect our results, recall bias would have had to be differentially associated with outcome. Men with prevalent prostate
cancer may have evaluated their past milk consumption differently from men without prostate cancer. However, the fact
that we found prostate cancer to be related only to early-life
milk consumption, not midlife milk consumption, would argue
against systematic overreporting of milk intake among prevalent prostate cancer patients. Furthermore, our sensitivity
analysis limited to incident cases, although it had less statistical power, also suggested increased risk of prostate cancer
with high milk intake in early life.
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Diabetes type 2 at ﬁrst visitc

1,205

1,235

Seaside village

Rural area

518

Age 21–60 yearsc

1,744

1,231

Seaside village

Rural area

395

Age 21–60 yearsc
27 (6)

15 (5)

19 (7)

22 (12)

41 (13)

29 (8)

15 (5)

21 (10)

23 (13)

50 (15)

Mean
Duration of
Residency,
years (SD)

2.50

3.64

3.27

3.62

2.99

3.40

4.29

3.90

4.01

3.67

IR per 1,000
Person-Years
95% CI

0.56, 1.23

0.79, 1.52

0.73, 1.31

0.81, 1.47

0.77

1.20

1.05

1.20

1.00

0.51, 1.15

0.92, 1.56

0.83, 1.34

0.97, 1.48

(n ¼ 450)

0.83

1.09

0.98

1.09

1.00

(n ¼ 277)

Age-Adjusted
HR

Localized Prostate Cancer
95% CI

0.56, 1.22

0.79, 1.54

0.73, 1.32

0.81, 1.47

0.73

1.18

1.03

1.21

1.00

0.48, 1.11

0.91, 1.54

0.81, 1.31

0.98, 1.50

(n ¼ 448)

0.82

1.10

0.98

1.09

1.00

(n ¼ 275)

HRa

0.74

1.60

1.32

1.19

1.32

3.31

3.00

3.13

2.44

1.67

IR per 1,000
Person-Years

a
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95% CI

1.43
1.13, 2.48

1.05, 2.54
1.09, 2.73

1.67

1.64
1.72

1.12, 2.82

1.06, 2.56

1.14, 2.53

0.94, 2.16

0.88
0.63, 1.33

0.77, 1.70
0.23, 1.00

0.88
0.92

1.14
0.48

0.49

1.11

0.90

1.00
0.63, 1.25

1.00

0.24, 1.02

0.74, 1.66

0.62, 1.31

0.63, 1.25

(n ¼ 174)

1.77

1.64

1.70

1.00
0.94, 2.15

1.42

(n ¼ 175)

95% CI

(n ¼ 176)

HRa

1.00

(n ¼ 176)

Age-Adjusted
HR

Advanced Prostate Cancer

Abbreviations: CI, conﬁdence interval; HR, hazard ratio; IR, incidence rate; SD, standard deviation.
Adjusted for birth year, age at entry, body mass index at entry, type 2 diabetes at entry, height at entry, family history of prostate cancer, regularly visiting a physician for a health check-up,
and educational attainment.
b
Data on duration of residency in a rural area were missing for 7 men because of misclassiﬁcation.
c
Age upon moving away from the rural area.
d
Data on duration of residency in a rural area were missing for 4 men because of misclassiﬁcation.

832

Age <21 yearsc

Duration of residency
in rural aread

2,116

Reykjavik

Location of ﬁrst
residence

Birth period 1921–1935

710

Age <21 yearsc

Duration of residency
in rural areab

1,080

Reykjavik

Location of ﬁrst
residence

Birth period 1907–1920

No. of
Participants

Table 3. Multivariate Analysis of Prostate Cancer Risk According to Early-Life Residency, Birth Period, and Duration of Residency, Iceland, 1967–2009
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Table 4. Multivariate Analysis of Prostate Cancer Risk According to Milk Intake in Early Life, Midlife, and Late Life, Iceland, 1967–2009
No. of Participants
Life Period, Tumor Stage,
and Milk Intake

Total

Without
Prostate
Cancer

With
Prostate
Cancer

Age-Adjusted
OR

95% CI

Multivariate
ORa

95% CI

Multivariate
ORb

95% CI

Adolescent intake (ages
14–19 years)
Advanced

2,267

Low milk intakec

458

5

1.00

Referent

1.00

Referent

1.00

Referent

High milk intaked

1,746

58

3.11

1.24, 7.82

2.88

1.14, 7.26

3.22

1.25, 8.28

Localized

2,204

Low milk intake

409

49

1.00

Referent

1.00

Referent

1.00

Referent

High milk intake

1,512

234

1.30

0.94, 1.80

1.26

0.90, 1.75

1.40

0.99, 1.97

Low milk intake

815

19

1.00

Referent

1.00

Referent

1.00

Referent

High milk intake

1,381

44

1.31

0.76, 2.27

1.28

0.74, 2.23

1.31

0.75, 2.29

Low milk intake

713

102

1.00

Referent

1.00

Referent

1.00

Referent

High milk intake

1,202

179

1.03

0.79, 1.33

1.01

0.77, 1.31

1.03

0.80, 1.34

Low milk intake

1,045

23

1.00

Referent

1.00

Referent

1.00

Referent

High milk intake

1,157

40

1.44

0.85, 2.44

1.46

0.86, 2.49

1.36

0.80, 2.33

Midlife intake (ages
40–50 years)

Localized

2,259

2,196

Current intake
Advanced

Localized

2,265

2,202

Low milk intake

910

135

1.00

Referent

1.00

Referent

1.00

Referent

High milk intake

1,009

148

0.96

0.75, 1.24

0.95

0.74, 1.23

0.97

0.75, 1.26

Abbreviations: CI, conﬁdence interval; OR, odds ratio.
Adjustment was made for birth year, age, body mass index, type 2 diabetes, height, education, family history of prostate disease, and regular
visits to a physician for a health check-up.
b
Additional adjustments were made for consumption of ﬁsh, ﬁsh liver oil, meat, and rye bread.
c
Less than once a day.
d
Once a day or more.
a

Frequency of milk intake was not assessed in greater detail
beyond ‘‘more than once per day,’’ limiting our opportunities
for assessing dose-response. Finally, because of incompleteness of information on tumor stage, some men with advanced
disease at diagnosis were not classified as such. This probably
produced underestimation of the association between milk
intake and advanced prostate cancer.
We are aware of only 1 earlier study on both residency
and dietary patterns in early life and risk of prostate cancer,
a study from Sweden (11). In that study, rural residency in
early life was associated with reduced risk of a prostate
cancer diagnosis, which, as the investigators noted, could
have been due to greater access to medical care and more
prostate cancer diagnoses in more densely populated areas.
Furthermore, it is unlikely that different residential areas
in Sweden had variations in nutritional exposure as extreme
as those observed in Iceland in the early 1920s. Our residency analysis showed an association with advanced prostate cancer only among participants born before 1920. Due
to limited infrastructure in Iceland during the first decades of

the 20th century, different residency areas were quite isolated
and therefore characterized by distinct dietary differences,
solidly documented by Sigurjonsson (13). Later, infrastructure
was rapidly developed, particularly around World War II,
increasing trade and opportunities for more diverse diets. This
is reflected in our results indicating greater differences in milk
intake between areas in the older birth cohort (1907–1920)
compared with the younger birth cohort (1921–1935). Therefore, although other factors may have played a role, we
hypothesize that greater dietary differences in the older birth
cohort may explain the association between early-life residency in rural areas and risk of advanced prostate cancer
later in life.
Most studies on prostate cancer have concentrated on midlife consumption. Only 2 studies have addressed early-life
consumption of milk (11, 12). In the Swedish case-control
study (n ¼ 256 cases), Andersson et al. (11) found no association between early-life dietary factors, including milk
intake, and total prostate cancer risk. Another study from the
United Kingdom (the Boyd Orr Cohort Study), which collected
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early puberty (37). High intake of animal fat has been associated with increased testosterone levels (38), and high
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suggest that teenage exposure may be of particular importance,
but more studies are needed.
In summary, our data show that residency in rural areas and
corresponding high milk intake in early life is associated with
increased risk of advanced prostate cancer. While exploration
of the relation of other rural dietary components in early life
with prostate cancer risk is warranted, our findings also call
for further studies on potential mechanisms underlying this
association.
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Abstract
Objective To determine whether consumption of wholegrain rye bread, oatmeal, and whole-wheat bread, during
different periods of life, is associated with risk of prostate
cancer (PCa).
Methods From 2002 to 2006, 2,268 men, aged 67–96 years,
reported their dietary habits in the AGES-Reykjavik cohort
study. Dietary habits were assessed for early life, midlife, and
current life using a validated food frequency questionnaire.
Through linkage to cancer and mortality registers, we retrieved
information on PCa diagnosis and mortality through 2009.
We used regression models to estimate odds ratios (ORs)
and hazard ratios (HRs) for PCa according to whole-grain

consumption, adjusted for possible confounding factors
including fish, fish liver oil, meat, and milk intake.
Results Of the 2,268 men, 347 had or were diagnosed with
PCa during follow-up, 63 with advanced disease (stage 3? or
died of PCa). Daily rye bread consumption in adolescence
(vs. less than daily) was associated with a decreased risk of
PCa diagnosis (OR = 0.76, 95 % confidence interval (CI):
0.59–0.98) and of advanced PCa (OR = 0.47, 95 % CI:
0.27–0.84). High intake of oatmeal in adolescence (C5 vs.
B4 times/week) was not significantly associated with risk of
PCa diagnosis (OR = 0.99, 95 % CI: 0.77–1.27) nor
advanced PCa (OR = 0.67, 95 % CI: 0.37–1.20). Midlife
and late life consumption of rye bread, oatmeal, or wholewheat bread was not associated with PCa risk.
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Conclusion Our results suggest that rye bread consumption in adolescence may be associated with reduced risk of
PCa, particularly advanced disease.
Keywords Adolescent  Diet  Epidemiology 
Rye bread  Prostatic neoplasms  Whole grain 
AGES-Reykjavik study

Introduction
Several lines of evidence support a role of dietary factors in
prostate cancer incidence and mortality. Firstly, prostate
cancer is the malignancy with the largest variation in
incidence and mortality across countries, a finding that
cannot be completely accounted for by screening patterns
[1]. Moreover, the rapid change in prostate cancer incidence and mortality among second-generation immigrants
to Western countries compared with host countries suggests a role of modifiable risk factors in early life, such as
dietary habits [2]. The identification of dietary factors that
lower risk of prostate cancer incidence and progression
could have a major public health impact.
Whole grain has been linked to reduced cancer risk.
Although mechanisms behind it are as yet unclear, many
components of the whole grain could play a role such as
fiber, starch, fatty acids, antioxidants, minerals, vitamins,
phytoestrogens (lignans), and phenolic compounds [3].
Beneficial effects of whole-grain consumption for hormonal-dependent cancer such as prostate cancer could, for
example, be due to lignans that affect the steroid metabolism [4]. In addition, dietary fiber increases butyrate production in the colon, and butyrate has been shown to inhibit
cell growth and promote cell differentiation and apoptosis
in prostate cancer cells [5]. Rye, a rich source of lignans,
minerals, and vitamins [4], has also been suggested to have
positive effects on long-term insulin secretion [6, 7], which
could be important since prostate cancer has been associated with insulin resistance [8–10].
Few epidemiological studies have specifically examined
the intake of whole grain and prostate cancer risk, but two
studies have reported increased risk [11, 12] and three
studies found no association [13–15]. Most of these studies
did not present data on advanced and localized prostate
cancer separately. However, one recent prospective study
on whole-grain rye, and oatmeal consumption, among
Danish men in their fifties and sixties at baseline, found no
association between whole-grain consumption and either
localized or advanced prostate cancer [16]. Yet, animal
models indicate that rye bran may have protective properties against prostate cancer [17–19], and pilot intervention studies among prostate cancer patients have shown
promising effects of high rye intake on markers of prostate
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cancer progression [20, 21]. No published study to date has
addressed rye intake in early life or other types of whole
grain and prostate cancer risk. Early life diet may be
important in the pathogenesis of prostate cancer, because
the prostate undergoes considerable growth and maturation
during pubertal development. We have previously found
that frequent milk intake in adolescence as well as rural
residency in early life, representing high milk intake, was
associated with increased risk of advanced prostate cancer
[22], which suggests a role of modifiable risk factors in
early life.
In Iceland, rye and oatmeal were the main types of
whole grain in the diet during the first half of the twentieth
century. In particular, rye consumption was 152 kg per
year on average for an adult male in 1930 [23]. However,
there was considerable residency-based variability in dietary habits, including rye bread consumption, which was
most common in rural areas and substantially lower in
other areas during this time period [24].
In this study, we investigated whether whole-grain
consumption in different periods of life is associated with
risk of prostate cancer in adult life in a prospective cohort
study.

Methods
Study population
The Reykjavik Study, established in 1967, is a populationbased cohort of men aged 33–79 years, residing in the Reykjavik capital area at enrollment (1967–1987). A subgroup of
2,424 men was later enrolled in the AGES-Reykjavik study,
initiated in 2002 [25].
Dietary habits in early life, midlife, and late life
In total, 2,268 men participated in AGES-Reykjavik,
including men with prevalent prostate cancer (n = 214)
and provided information on dietary habits in early life
(between the ages of 14–19), midlife (between the ages of
40–50), and at the present time using a short, validated
food frequency questionnaire (FFQ) [26]. The FFQ provides information on frequency of intake of eleven common foods and food groups, including rye bread and
flatbread made of rye (hereafter referred to as rye bread)
and oatmeal. The question on oatmeal consumption in the
midlife and current period also included muesli. For these
items, along with nine other food groups, participants
reported frequency of consumption in each time period,
using the following response categories; (1) never, (2) less
than once a week, (3) 1–2/week, (4) 3–4/week, (5) 5–6/
week, (6) daily, and (7) more than once a day. These other
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food groups were meat, fish (including salted or smoked
fish), blood sausage or liver sausage, potatoes, fruits,
vegetables, milk and milk products, whole-wheat bread
(only in midlife and at present time), and fish liver oil.
The current analysis is based on those men responding
to questions on early life rye bread consumption (n =
2,258), midlife rye bread consumption (n = 2,260), early
life oatmeal consumption (n = 2,255), midlife oatmeal
consumption (n = 2,259), and midlife whole-wheat bread
consumption (n = 2,255). Analysis on current intake was
based on participants, who were free of prostate cancer
where 1,978 men answered question on rye bread, 1,983 on
oatmeal, and 1,980 on whole-wheat bread.

for approximately 75 % of cases. Information on Gleason
grade was not available for this study. Since 1990, there
has been a rapid increase in prostate cancer incidence rates
in Iceland, but at the same time the mortality rates have
stayed similar, suggesting increased detection of non-lethal
tumors [32].
Men who died from prostate cancer or had stage III or
IV at diagnosis were classified as having advanced prostate
cancer. We retrieved information on cancer diagnosis
(including cancers that were prevalent in AGES) and
mortality through 31 December 2009 (first diagnosis was
made in 1981). Because of computerized national roster
that includes a unique identification number for each person, follow-up is virtually complete [33].

Covariate assessment
Statistical analyses
Information on potential confounders in midlife was
retrieved from the questionnaire or health check-ups at entry
to the Reykjavik Study. We collected information on birth
year, age at entry to the study, family history of prostate
disease (yes/no), early life residency (rural, city, seaside
village) [22], whether participants went regularly to a physician for a health check-up (at least every 3rd year), and
education (elementary school, secondary school, college
education, and university education). Information on nutritional factors such as fish, salted or smoked fish, fish liver oil,
meat and milk intake for all time periods was obtained from
the FFQ in the AGES-Reykjavik study as well as recall
information about physical activity in the past [27].
Body mass index (BMI, kg/m2) was calculated from
weight and height measured at the clinical examination at
enrollment, categorized by obesity status (C30 or \30 kg/
m2). Participants were considered to have type 2 diabetes if
they had a self-reported history or if they had fasting blood
glucose of C126 mg/dL at enrollment [28].
Ascertainment of outcome
We ascertained prostate cancer diagnoses through linkage
with the nationwide Icelandic Cancer Registry, which
captures 99 % of cancers diagnosed in Iceland [29–31]. All
men with prevalent prostate cancer at entry to the cohort
(n = 214) or diagnosed at follow-up, through 31 December
2009 (n = 133) were included in the analysis. Information
on cause of death was obtained from Statistics Iceland.
Classification of stage at diagnosis was based on medical
records and classified as stage I (incidental finding) included T1a, NX/0, and MX/0. Stage II (tumor confined to
prostate gland) included T1b/1c/1/2, NX/0, and MX/0.
Stage III (tumor extending through prostatic capsule)
included T3, NX/0, and MX/0. Stage IV (locally advanced
or metastatic disease) included T4, NX/0, MX/0; or any T,
N1, and/or M1. We had information on stage at diagnosis

We used logistic regression models to calculate odds ratios
(ORs) and 95 % confidence intervals (CIs) of advanced,
localized, and total prostate cancer. We compared men who
were high (daily or more) and low (less than daily) consumers of rye bread in early life and midlife. We created
the cut-point based on extreme intake of rye bread in early
life, while retaining proportions sufficient for meaningful
analysis. Low-intake groups in early life (less than daily)
represented 53.7 % of the participants (only 1.1 % men
never consumed rye bread), while the high-intake group
(daily or more) represented 46.3 % of the participants (only
2.7 % men consumed rye bread more than once a day). We
also divided rye intake into three groups and explored the
association with advanced prostate cancer risk: two times
per week or less (reference group, 15.3 % of participants),
3–6 times per week (38.4 % of participants), and daily or
more (46.3 %). We then employed a trend analysis using
these three groups as a continuous variable.
We considered potential confounders and adjusted in
multivariate models for birth year (continuous), age at
study entry in midlife (continuous), as well as height
(continuous), BMI (C30, \30 kg/m2), type 2 diabetes in
midlife, education (three categories: elementary or secondary school; college education; university education),
family history of prostate disease, and seeing a physician
regularly (model two). In a third model, we further adjusted
for total fish consumption (in three categories: 2.0 portions
or less per week, 2.1–4.0 portions per week, and 4.1 portions or more per week), salted or smoked fish (once per
week or more vs. 3 times per month or less), fish oil
consumption (never vs. once a week or more), meat consumption (up to 4 times per week vs. 5 times per week or
more), and milk intake (daily or more vs. less than daily).
Fruit and vegetable intake as well as physical activity was
excluded from the models since they did not affect the
estimates for any of the whole grain examined.
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Similarly, in the analysis for oatmeal consumption, we
contrasted cancer odds among frequent consumers (5 per
week) compared with less frequent (B4 per week) in early
life and midlife. Low-intake groups (B4 per week) included 61.5 % of the participants (with 13.3 % who never
consumed oatmeal), while the high-intake group (5? per
week) represented 38.5 % of the participants (only 0.5 %
men consumed oatmeal more than once a day). Models
were adjusted as was done in the rye bread analysis;
however, based on our findings for rye bread, we also
adjusted for rye bread intake (daily or more vs. less than
daily) in the third model. Finally, we also analyzed the
intake of whole-wheat bread in midlife and contrasted
cancer odds among high (daily or more) and low (less than
daily) intake. The high-intake group represented 48 % of
the participants. We used the same covariates in the multivariate analysis as was done for the oatmeal in the third
model.
For current intake of whole grain, we used proportional
hazard regression models to calculate hazard ratios (HRs)
for advanced and total prostate cancer, since prevalent
cases were excluded.
Lastly, the rye bread consumption in midlife and adolescence was pooled in one variable with four categories to
assess potential effects of longitudinal rye bread consumption on prostate cancer risk. Adjustments were made
for same factors as described in the third model.
In a sensitivity analysis, we used logistic regression
models to calculate ORs and 95 % CIs of prostate cancer
for rye and oatmeal consumption in early life for incident
cases only, adjusting for the same covariates as was done in
the third model. Furthermore, for the estimates that were
statistically significant in the models, we also provided
confidence intervals for odds ratios derived by bootstrapping using 200 samples [34].
For all statistical analyses, we used PASW software,
version 18.0 (SPSS Inc., 2009, IBM Chicago, IL, www.
spss.com) and STATA version 11 (StataCorp. 2009. Stata
Statistical Software: Release 11. College Station, TX:
StataCorp LP).
The study protocol was approved by the Icelandic Ethical
Review Board (VSNb2007120014/03-7) and the Icelandic
Data Protection Authority.

Results
The mean age (SD) was 46.8 years (6.9) when the participants entered the Reykjavik Study and 76.6 years (5.3)
when they entered the AGES-Reykjavik component and
provided the dietary information. The mean follow-up time
(SD) for our participants was 34.3 years (6.4).
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Table 1 shows characteristics, mostly collected in midlife in the Reykjavik Study, of the men who reported their
dietary habits in the study (n = 2,268) by categories of rye
bread and oatmeal consumption in early life and midlife.
Compared with those who did not consume rye bread on a
daily basis, the high rye bread group was more likely to
have lived in a rural area in early life (33 vs. 21 %,
respectively). Similarly, high versus low oatmeal consumption was correlated with rural residency in early life
(37 vs. 21 %, respectively). High oatmeal consumption in
both early life and midlife was associated with lower
obesity. Otherwise, the groups were similar.
Among the 347 prostate cancer cases who reported their
dietary habits, 214 were diagnosed before and 133 after
completing the FFQ. Information on stage at diagnosis was
available for 259 (75 %) individuals, and 63 had advanced
prostate cancer defined as locally advanced or metastatic at
diagnosis or prostate cancer death. The mean age (SD) at
cancer diagnosis was 74.9 years (6.5).
Whole-grain intake
Men who consumed rye bread daily in adolescence were at
decreased risk of prostate cancer overall (OR = 0.76, 95 %
CI: 0.59–0.98) and more pronounced decrease for
advanced cancer (OR = 0.47, 95 % CI: 0.27–0.84) compared with those consuming rye bread less than daily
(Table 2). When milk intake in adolescence was not
included in the model, the association between early life
rye bread consumption and advanced prostate cancer was
marginally significant (OR = 0.57, 95 % CI: 0.32–1.00).
We examined further the association between rye bread
consumption in early life and advanced prostate cancer
within the high milk group, which yielded an odds ratio of
0.50 (95 % CI: 0.28–0.91).
When adding early life residency to the multivariate
model, the risk estimate for rye bread consumption
remained the same for advanced prostate cancer
(OR = 0.48, 95 % CI: 0.26–0.88). We further divided rye
intake into three groups and explored the association with
advanced prostate cancer risk. We found a significant trend
with risk estimates of 3–6 times per week (OR = 0.77,
95 % CI: 0.35–1.66), and daily or more (OR = 0.39, 95 %
CI: 0.17–0.87) compared with two times per week or less
(Ptrend = 0.009). In contrast to early life intake, we found
no association between daily consumption of rye bread in
midlife with risk of prostate cancer overall nor for
advanced prostate cancer. With prevalent prostate cancer
cases excluded, we further explored the association
between current daily rye bread intake and prostate cancer
incidence, yielding no statistically significant associations;
HR = 0.69 (95 % CI: 0.45–1.06) for total prostate cancer

421 (18.6)
38 (1.7)

Regular health check-up

Diabetes type 2 in midlife

21 (0.9)
35 (1.5)

Vegetables (daily or more)

27 (2.6)

16 (1.5)

58 (5.6)

657 (63.0)

460 (44.0)

935 (89.4)

177.7 (6.0)

25.6 (3.1)

84 (8.0)

37 (3.6)

341 (33.4)

309 (30.2)

336 (32.9)

496 (47.4)

274 (26.2)

276 (26.4)

18 (1.7)

189 (18.1)

113 (10.8)

137 (13.1)

146 (14.0)

763 (72.9)

77.9 (5.5)

f

e

d

c

b

a

7 (0.7)

5 (0.4)

55 (4.5)

797 (66.0)

404 (33.4)

863 (71.2)

178.1 (6.0)

25.4 (3.1)

79 (6.5)

36 (3.1)

253 (21.4)

414 (35.1)

477 (40.4)

664 (54.8)

253 (20.9)

295 (24.3)

20 (1.7)

229 (18.9)

111 (9.2)

151 (12.5)

165 (13.6)

896 (73.9)

75.4 (4.9)

20 (2.3)

6 (0.7)

42 (4.9)

599 (69.2)

407 (46.9)

760 (87.5)

177.5 (5.9)

25.3 (3.0)

44 (5.1)

32 (3.8)

310 (37.0)

281 (33.6)

214 (25.6)

416 (47.9)

202 (23.2)

251 (28.9)

17 (2.0)

154 (17.7)

99 (11.4)

121 (13.9)

125 (14.4)

623 (71.7)

77.6 (5.5)

15 (1.1)

15 (1.1)

70 (5.1)

857 (62.0)

457 (33.0)

1,031 (74.5)

178.2 (6.1)

25.6 (3.2)

172 (9.1)

40 (2.9)

286 (21.0)

443 (32.5)

594 (43.6)

742 (53.5)

321 (23.2)

323 (23.3)

21 (1.5)

263 (19.0)

123 (8.9)

169 (12.2)

185 (13.3)

1,032 (74.5)

75.9 (5.1)

55 (8.1)

35 (5.2)

84 (12.4)

502 (74.3)

256 (37.8)

512 (75.5)

177.7 (6.1)

25.6 (3.1)

47 (7.0)

25 (3.8)

203 (30.8)

210 (31.9)

221(33.5)

332 (49.0)

165 (24.3)

181 (26.7)

13 (1.9)

120 (17.7)

68 (10.0)

84 (12.4)

90 (13.3)

504 (74.3)

78.2 (5.7)

Higha,
n = 678
n (%)

59 (3.7)

67 (4.2)

144 (9.1)

1,168 (74.1)

423 (26.8)

909 (57.8)

178.0 (6.0)

25.4 (3.1)

116 (7.3)

48 (3.1)

392 (25.4)

514 (33.2)

592 (38.3)

829 (52.4)

363 (22.9)

390 (24.7)

25 (1.6)

297 (18.8)

156 (9.9)

205 (13.0)

222 (14.0)

1,155 (73.0)

75.8 (5.0)

Lowb,
n = 1,582
n (%)

Rye bread intake in midlife

At the same time (adolescence/midlife) when rye bread and oatmeal consumption was high or low. High consumption in adolescence is shown for all participants (n = 2,268)

Data on residency are missing for 55 men

Consuming oatmeal four times per week or less

Consuming oatmeal five times per week or more

Consuming rye bread less than daily

Consuming rye bread daily

BMI body mass index, cm centimeters, kg kilogram, m meter, SD standard deviation

114 (5.0)

Fruits (daily or more)

1,461 (64.4)

Fish liver oil (C1 per week)

Meat (C5 per week)

868 (38.3)

1,804 (79.5)

Fish ([4 portions per week)

Milk and milk products (daily or more)

High intake of other food groupsf

25.5 (3.1)

177.9 (6.0)

Mean height (cm) in midlife (SD)

74 (3.3)

Combination of rural area/sea village

Mean BMI (m/kg2) in midlife (SD)

599 (27.1)

Rural area
163 (7.2)

724 (32.7)

Sea village

BMI C 30 in midlife

816 (36.9)

Reykjavik

Early life residencye

1,164 (51.3)

529 (23.3)

Previously

Current

575 (25.4)

Never

Smoking status in midlife

224 (9.9)

291 (12.8)

University

Prostate disease in the family

314 (13.8)

1,663 (73.3)

76.6 (5.3)

College

Primary and secondary

Education

Mean age (SD)

Age at entry to the AGES-Reykjavik

n (%)

Lowd,
n = 1,386
n (%)

Oatmeal intake in adolescence
Highc,
n = 869
n (%)

N = 2,268

Lowb,
n = 1,212
n (%)

Rye bread intake in adolescence
Higha,
n = 1,046
n (%)

All

Table 1 Characteristics of male participants by their rye bread and oatmeal consumption

52 (9.1)

42 (7.5)

72 (12.6)

468 (82.1)

240 (42.0)

431 (75.6)

177.8 (6.1)

25.2 (3.0)

28 (4.9)

14 (2.5)

184 (33.2)

177 (31.9)

179 (32.3)

246 (43.0)

154 (26.9)

172 (30.1)

10 (1.7)

113 (19.8)

59 (10.3)

88 (15.4)

84 (14.7)

400 (69.9)

78.2 (5.8)

62 (3.7)

60 (3.6)

156 (9.3)

1,202 (71.4)

440 (26.1)

991 (58.8)

178.0 (6.0)

25.6 (3.2)

135 (8.0)

59 (3.6)

411 (24.9)

547 (33.2)

633 (38.4)

912 (54.1)

374 (22.2)

401 (23.8)

28 (1.7)

301 (17.8)

164 (9.7)

201 (11.9)

226 (13.4)

1,260 (74.7)

76.2 (5.2)

Lowd,
n = 1,687
n (%)

Oatmeal intake in midlife
Highc,
n = 572
n (%)
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Table 2 Prostate cancer risk by
rye bread intake in early life and
midlife

Non-PCa (n)

PCa (n)

Age-adjusted
OR (95 % CI)

ORa (95 % CI)

ORb (95 % CI)

Adolescence (14–19 years of age)
Advanced (n = 62)
n = 1,978
Low intake

1,025

35

1.00

1.00

1.00

High intake

891

27

0.68 (0.40–1.15)

0.68 (0.39–1.16)

0.47 (0.27–0.84)*

Localized (n = 280)
n = 2,196
Low intake

1,025

152

1.00

1.00

1.00

High intake

891

128

0.89 (0.68–1.15)

0.87 (0.67–1.14)

0.83 (0.63–1.09)

1,025

187

1.00

1.00

1.00

891

155

0.84 (0.66–1.07)

0.84 (0.66–1.07)

0.76 (0.59–0.98)**

Total (n = 342)
CI confidence interval, OR odds
ratio, PCa prostate cancer
a

Adjustment made for birth
year, age at study entry in
midlife, education, family
history of prostate disease,
going to a physician regularly,
height in midlife, BMI in
midlife, and type 2 diabetes in
midlife
b

Additional adjustments made
for fish, fish liver oil, meat, and
milk intake
*Bootstrap OR and 95 % CI for
advanced prostate cancer: 0.47
(0.27–0.81)
**Bootstrap OR and 95 % CI
for total prostate cancer: 0.76
(0.60–0.97)

n = 2,258
Low intake
High intake

Midlife (40–50 years of age)
Advanced (n = 63)
n = 1,977
Low intake

1,338

42

1.00

1.00

1.00

High intake

576

21

0.93 (0.54–1.62)

0.96 (0.55–1.67)

0.87 (0.49–1.54)

1.00

1.00

1.00

0.85 (0.64–1.13)

0.84 (0.63–1.13)

0.84 (0.63–1.13)

Localized (n = 283)
n = 2,197
Low intake

1,338

High intake

576

81

Total (n = 346)
n = 2,260
Low intake

1,338

244

1.00

1.00

1.00

High intake

576

102

0.87 (0.67–1.13)

0.87 (0.67–1.12)

0.85 (0.65–1.12)

(n = 133) and HR = 0.64 (95 % CI: 0.25–1.61) for
advanced prostate cancer (n = 27).
Table 3 presents ORs and 95 % CIs of advanced,
localized, and total prostate cancer by oatmeal consumption in adolescence and midlife. High intake of oatmeal in
adolescence (C5 vs. B4 times/week) was not associated
with risk of prostate cancer diagnosis (OR = 0.99, 95 %
CI: 0.77–1.27), nor statistically significant with advanced
prostate cancer (OR = 0.67, 95 % CI: 0.37–1.20). High
intake of oatmeal in midlife was not associated with
prostate cancer risk and neither was current intake for
either total prostate cancer (HR = 1.06, 95 % CI:
0.74–1.52) nor advanced disease (HR = 0.99, 95 % CI:
0.44–2.23). Similarly, we found no association between
intake of whole-wheat bread in midlife, which was only
reported for midlife and current time, and risk of total
prostate cancer (OR = 0.92, 95 % CI: 0.71–1.18) nor
with advanced prostate cancer (OR = 0.74, 95 % CI
0.42–1.30). Similar results were obtained for current daily
intake of whole-wheat bread for total prostate cancer
(HR = 1.07, 95 % CI: 0.75–1.53) and advanced disease
(HR = 0.96, 95 % CI: 0.43–2.14).
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Table 4 presents ORs and 95 % CIs of total prostate
cancer and advanced prostate cancer by consumption of rye
bread in both adolescence and midlife. Compared to low
rye bread intake in both life periods, the risk estimates were
very similar for high intake in adolescence, irrespective of
consumption pattern in midlife, which suggests that the
reduction in prostate cancer risk is mainly driven by early
life consumption.
Sensitivity analysis
To address potential recall bias or differential survival, we
performed a sensitivity analysis limited to men who reported
early life whole-grain consumption. Number of incident
prostate cancer in that group was 132, and only 27 were
diagnosed with advanced disease. Compared with men
consuming rye bread less than once per day, the OR in the
multivariate model for total prostate cancer was 0.82 (95 %
CI: 0.56–1.20) and 0.73 (95 % CI: 0.32–1.68) for advanced
disease among men with high rye bread consumption in
adolescence. Men consuming oatmeal more than five times
per week had an OR of 0.80 (95 % CI: 0.54–1.19) for total
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Table 3 Prostate cancer risk by
oatmeal intake in early life and
midlife

Non-PCa (n)

PCa (n)

Age-adjusted
OR (95 % CI)

ORa (95 % CI)

ORb (95 % CI)

Adolescence (14–19 years of age)
Advanced (n = 60)
n = 1,973
Low intake

1,183

39

1.00

1.00

1.00

High intake

730

21

0.73 (0.42–1.27)

0.71 (0.40–1.24)

0.67 (0.37–1.20)

Localized (n = 282)
n = 2,195
Low intake

1,183

164

1.00

1.00

1.00

High intake

730

118

1.11 (0.86–1.44)

1.07 (0.82–1.39)

1.02 (0.82–1.42)

1,183

203

1.00

1.00

1.00

730

139

1.03 (0.81–1.31)

0.99 (0.78–1.26)

0.99 (0.77–1.27)

Total (n = 342)
n = 2,255
Low intake
High intake

Midlife (40–50 years of age)
Advanced (n = 63)
n = 1,979
CI confidence interval, OR odds
ratio PCa prostate cancer
a
Adjustment made for birth
year, age at study entry in
midlife, education, family
history of prostate disease,
going to a physician regularly,
height in midlife, BMI in
midlife, and type 2 diabetes in
midlife

Low intake

1,441

41

1.00

1.00

1.00

High intake

475

22

1.45 (0.85–2.48)

1.37 (0.79–2.37)

1.33 (0.75–2.38)

Localized (n = 280)
n = 2,196
Low intake

1,441

High intake

475

1.00

1.00

1.00

1.06 (0.80–1.41)

1.01 (0.76–1.35)

1.05 (0.78–1.43)

n = 2,259

Additional adjustments made
for fish, fish liver oil, meat, and
milk intake

Low intake

1,441

High intake

475

Table 4 Prostate cancer risk by longitudinal rye bread intake
Midlife

75

Total (n = 343)

b

Adolescence

205

Number

ORa (95 % CI)

Total prostate cancer (n = 338)

246
97

1.00

1.00

1.00

1.12 (0.87–1.46)

1.07 (0.82–1.39)

1.10 (0.83–1.44)

prostate cancer and 0.93 (95 % CI: 0.40–2.19) for advanced
disease compared with men with low oatmeal consumption
(B4 times/week) in adolescence. We also performed sensitivity analysis using a bootstrap approach, which largely
confirmed our main findings (Table 2).

Lowb

Low

Low

Highc

123

0.82 (0.47–1.43)

High

Low

491

0.75 (0.55–1.03)

High

High

554

0.74 (0.54–1.00)

Discussion
In this population-based cohort of Icelandic men, we found
that frequent rye bread consumption during adolescence
was associated with a decreased risk of prostate cancer and
particularly prostate-specific mortality or being diagnosed
with late-stage prostate cancer. In contrast, frequent oatmeal consumption in adolescence was not associated with
prostate cancer risk nor was midlife or late life consumption for either rye bread or oatmeal. These findings highlight the potential role of early life diet for prostate cancer
risk and are in accordance with our previous findings,

1,083

1.00

Advanced prostate cancer (n = 59)
Low

Low

942

1.00

Low

High

112

1.36 (0.50–3.72)

High

Low

432

0.44 (0.21–0.96)

High

High

485

0.53 (0.27–1.06)

a

Adjustment made for birth year, age at study entry in midlife,
education, family history of prostate disease, going to a physician
regularly, height in midlife, BMI in midlife, and type 2 diabetes in
midlife, fish, fish liver oil, meat, and milk intake in adolescence
b

Consuming rye bread less than daily

c

Consuming rye bread daily or more
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showing that high milk intake in early life, but not in
midlife, is a risk factor for advanced prostate cancer [22].
In fact, early life residency in rural area, representing high
milk and rye bread consumption, was associated with
prostate cancer risk, indicating confounding effect by milk
consumption. The association between early life rye consumption and prostate cancer risk was thus more evident
after adjusting for early life milk consumption, and the
estimates did not change when we additionally adjusted for
early life residency. Our findings on the importance of
early life environment also agree with evidence from
migrant studies, showing that it takes at least one generation to gain prostate cancer risk of the host country [2, 35].
A study from Sweden found that immigrants entering the
country in their twenties retain prostate cancer incidence
rates similar to those in their native country [36]. Our
findings on midlife consumption are in line with result
from a Danish study on whole-grain intake showing no
significant association [16].
Studying early life exposures is a challenge but also
imperative for understanding many chronic diseases that
may originate in early life. An important strength of this
study is the extensive background data allowing control for
several potential confounding factors. Furthermore, record
linkage to the cancer and mortality registers permitted
complete follow-up for prostate cancer diagnosis and deaths.
However, we cannot exclude the possibility that unmeasured
confounders obscure our observations or that our findings are
due to chance. Moreover, our study is particularly vulnerable
to recall bias. Men with prevalent prostate cancer may
evaluate their past dietary consumption differently from men
without prostate cancer. However, our findings indicate that
only rye bread in early life, not midlife, is associated with
advanced prostate cancer (not localized prostate cancer),
which argues against differential recall of past rye intake
between men with and without prostate cancer. Furthermore,
the hypothesis that rye might be beneficial for health is not
well known in the general Icelandic population. Finally, our
sensitivity analysis limited to incident cases, although with
less statistical power, also suggests lower risk of prostate
cancer by high rye bread consumption in early life, and our
bootstrap analysis suggests similar results.
Non-differential misclassification could also be of concern here; participants have to recall their dietary habits
many decades back in time. Indeed a previous validation
study of the AGES FFQ midlife dietary habits, the retrospective assessment of midlife rye bread consumption did
not correlate with dietary data gathered from the same
individuals 18–19 years previously (n = 174) [27]. We have
no data on the validity of adolescence dietary assessment.
This would however typically lead to underestimation of the
observed associations and even failure to observe true
associations, for example, a potential association between
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oatmeal consumption in early life as well as midlife rye bread
consumption and advance prostate cancer. Nevertheless, a
previous US-based study indicated that food-related memory
from childhood over four decades later can be as accurate as
from current diet, especially for food items eaten rarely or
daily [37]. Yet, another limitation to our study is the lack of
information about total energy intake and fat intake; however
total energy and fat have not been strongly linked with
prostate cancer incidence and thus are not likely important
confounders of the association. In conclusion, we still remain
cautious when interpreting the observed association between
rye bread consumption in early life and risk of advanced
prostate cancer. The association between consumption of
whole-grain products at different stages of life and prostate
cancer risk should be further studied in cohorts with more
advanced prostate cancer cases as some of the estimates
suggest a decreased risk.
Potential mechanisms that could mediate the effect of
rye bread consumption on reduced prostate cancer risk
have not been sufficiently explored. In animal models, rye
bran has especially protective properties against prostate
cancer [17–19], most likely because of its high lignans
content compared with oatmeal and wheat [4]. Since there
are few human studies available on rye consumption and
prostate cancer risk, our attention has been drawn to studies
on lignans consumption or serum level of enterolactone, a
metabolite of lignans. A small case–control study (83 cases
vs. 103 controls) did not find an association between consumption of lignan precursors (such as flaxseed, dark
bread, broccoli, coffee, and tea) and prostate cancer risk
[38]. However, a case–control study (433 cases vs. 538
controls) in the United States found an inverse association
between high intake of lignans and prostate cancer [39].
Both studies assessed the diet 1–2 years prior to diagnosis,
and they did not distinguish between localized and
advanced disease. One case–control study has found high
serum levels of enterolactone to decrease prostate cancer
risk [40],while two nested case–control studies and one
prospective study have not observed an association
between enterolactone and prostate cancer [41–43].
While a prospective study on whole-grain rye consumption among men in their fifties did not observe association with prostate cancer risk [16], some evidence
indicates late effect of rye bran on prostate cancer progression. A pilot intervention study found a reduced plasma
prostate-specific antigen (PSA) among patients with prostate cancer consuming rye whole grain and bran compared
with patients consuming refined wheat products [20], and
another pilot study suggests that rye bran bread can
increase apoptosis in prostate tumors [21].
To date, no study has addressed early life effect of rye
intake on prostate cancer risk. Prostate tissue contains both
estrogen a and b receptors (ERa and ERb) [44], and the
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steroid hormone 17b-estradiol mediates cell growth, proliferation, and differentiation through these two intracellular receptors [45]. Enterolactone binds to ERa and also
somewhat to ERb and can potentially disrupt the effect of
17b-estradiol to some extent and thereby prevent or reduce
estrogen-dependent tumor growth [46]. Conversely,
because rye is also a source of fiber, the mechanism of
butyrate production may be involved. Butyrate production
in the gut increases with high consumption of fiber from
cereals due to fermentation [47], and butyrate has been
shown to inhibit cell growth and promote cell differentiation and apoptosis in prostate cancer cells [5]. Furthermore,
fiber may reduce reabsorption of estrogen in the bowel
[48]. Alternatively, rye has been suggested to have positive
effects on long-term insulin secretion [6, 7], which could
be important since prostate cancer has been associated with
insulin resistance [8–10]. Insulin is indeed a growth factor
for many tumors, and hyperinsulinemia results in increased
availability of insulin-like growth factor-1 (IGF-1) [49], a
potential risk factor for prostate cancer [50]. Thus, intake
of rye may affect several pathways relevant for carcinogenesis in the prostate. The fact that we did not get the
same results for oatmeal consumption possibly strengthens
the hypothesis between lignans and prostate cancer,
because oatmeal contains only half the amount of total
lignans compared with rye and contains also different types
of lignans [4]. Possibly, a combination of lignans and fiber
from rye affects different mechanisms and should be
studied further, especially for early life period.
In summary, our data suggest that rye bread consumption in adolescence is associated with decreased risk of
advanced prostate cancer later in life. Our findings call for
further studies on potential mechanisms for the early lifedependent impact of rye and other food items on the risk of
advanced prostate cancer.
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ABSTRACT
Objective: To examine whether fish and fish oil consumption across the lifespan is associated
with a lower risk of prostate cancer (PCa).
Design: The study was nested among 2268 men aged 67-96 y in the AGES-Reykjavik cohort
study. In 2002 to 2006, dietary habits were assessed, for early life, midlife and later life using
a validated food frequency questionnaire. Participants were followed for PCa diagnosis and
mortality through 2009 via linkage to nationwide cancer- and mortality registers. Adjusting
for potential confounders, we used regression models to estimate odds ratios (ORs) and
hazard ratios (HRs) for PCa according to fish and fish oil consumption.
Results: Among the 2268 men, we ascertained 214 prevalent and 133 incident PCa cases, of
which 63 had advanced disease. High fish consumption in early- and midlife was not
associated with overall or advanced PCa. High intake of salted or smoked fish was associated
with a 2-fold increased risk of advanced PCa both in early life (95% CI: 1.08, 3.62) and in
later life (95% CI: 1.04, 5.00). Men consuming fish oil in later life had a lower risk of
advanced PCa [HR (95%CI): 0.43 (0.19, 0.95)], no association was found for early life or
midlife consumption.
Conclusion: Salted or smoked fish may increase risk of advanced PCa, whereas fish oil consumption
may be protective against progression of PCa in elderly men. In a setting with very high fish
consumption, no association was found between overall fish consumption in early or midlife and PCa
risk.
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INTRODUCTION
The association between fish consumption - and two important components in certain types of
fish, namely long chain n-3 polyunsaturated fatty acids (PUFAs) and vitamin D – and prostate
cancer have been investigated in several epidemiologic studies (1-5). Both case-control and
cohort studies reported a reduced risk of prostate cancer and prostate-specific mortality
associated with high fish consumption in adulthood, especially fatty fish consumption (1, 69). Yet, a recent meta-analysis found no association between total fish consumption and
overall prostate cancer incidence, but did report a significant reduction in prostate cancer
mortality (5). The analysis did not separately explore different species of fish or method of
cooking. Long chain n-3 PUFAs may affect prostate inflammation and carcinogenesis (2) and
several studies have reported inverse associations between blood levels of n-3 PUFAs and
risk of prostate cancer (10-12). Fatty fish is also a good source of vitamin D and higher
prediagnostic plasma 25-hydroxyvitamin D levels have been linked to improved prostate
cancer prognosis (13, 14).
Most prior studies assessed diet only from midlife or later. However, we have
previously shown the potential role of earlier life diet: a positive association between frequent
milk consumption, and an inverse association between frequent rye bread consumption in
adolescence and risk of advanced prostate cancer later in life (15, 16). Only one case-control
study of Swedish men diagnosed in the early 1990s, addressed fish intake in early life, and
reported a marginally increased risk of prostate cancer later in life (17). Since the Icelandic
population has a tradition of extremely high fish product consumption, we explored
consumption of fish, particularly in adolescence and midlife, but also salted or smoked fish
and fish oil consumption on prostate cancer risk in the prospective AGES-Reykjavik study.
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METHODS
Study population
The population-based, prospective Reykjavík Study comprises 8894 men aged 33 to 79 y,
who resided in the Reykjavik capital area at enrolment (1967-1987). A random sample of
2424 of these men living in 2002 was enrolled in the AGES-Reykjavik study (18).

Dietary habits in early life, midlife and late life
In the AGES-Reykjavik, 2268 (94%) men - including 214 men with a prostate cancer
diagnosis prior to 2002- provided information in year 2002-2006 on dietary habits in early life
(between the ages of 14 to 19), midlife (between the ages of 40-50) and current intake
(between the ages of 67 to 96 ) using a food frequency questionnaire (FFQ) (19). The FFQ
assessed frequency of intake of ten common foods and food groups, including fish and fish
oil, using the same questions for all three time periods. There were three questions on fish
consumption in the FFQ: frequency of fish meals (salted or smoked fish included), fish as
topping on bread and in salad, and intake of salted or smoked fish. Response categories for
the first two questions 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. For the salted or
smoked fish, 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, and 6) daily.
Total fish consumption was estimated by converting the weekly average estimates into
daily estimates and combining the first two questions, on fish meals and fish as topping on
bread and in salad, into one variable. Never became zero fish per day, less than once a week
became 0.07 per day, 1-2 times per week became 0.21 per day, 3-4 times a week became 0.5
per day, 5-6 times per week became 0.79 per day, daily became 1 per day and more than once
a day became 1.5 per day. The standard portion for a single fish meal was defined as 150
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grams and fish on bread as 40 grams, based on average portions in a national nutrition survey
(20). The estimated proportion of fish on bread/salad of a total fish meal was 40/150. The
converted numerical value of fish on bread was therefore multiplied by 0.27 and that value
computed with the converted value of fish meal per day. The total outcome was then
multiplied by 7 to calculate the total consumption per week. Total fish consumption was then
divided into three groups i.e. high (> 4 portions per week), moderate (>2-4 portions per week)
or low (≤ 2 portions per week).
Although the FFQ had no separate questions for each fish type, cod and haddock were
most commonly consumed in the early 20th century (21) and also today (22). These lean
species contain only small amounts of n-3 PUFAs and vitamin D (23). Fish liver oil
supplements in liquid or capsules (hereafter referred to as fish oil), rich in n-3 PUFAs and
vitamin D, were evaluated with one question for each period of life, using the same response
alternatives as for fish meals, omitting the last option of more than once a day. Cod liver oil is
the most common fish oil consumed in Iceland (20) and according to the producer of the fish
oil, vitamin D content in 10 milliliters (ml) of cod liver oil, which is the recommended daily
dose, was 10 micrograms (400 IU) in the study period. According to the Icelandic food
composition database (http://www.matis.is/ISGEM/en/) the amount of eicosapentaenoic acid
(EPA) is 0.75 grams (g) in 10 ml of cod liver oil and the amount of docosahexaenoic acid
(DHA) is 1.0 g per 10 ml.
Other food groups included in the FFQ were: meat, rye bread, blood sausage or liver
sausage, potatoes, fruits, vegetables, milk and milk products and whole wheat bread (not
included in the adolescent period).
Our analysis includes men responding to questions on fish and fish oil consumption in
early life (ranging from 2,257 to 2,266 respondents), midlife (ranging from 2,257 to 2,267
respondents), and current time with prevalent prostate cancer cases excluded (ranging from
2,050 to 2,055 respondents).
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Validation of the FFQ
The FFQ designed for the AGES-Reykjavik cohort has been validated with regard to midlife
and current dietary habits in later life (19, 24). For current diet a sample of 53 men 65years or
older who answered the AGES-FFQ also filled out a 3-day weighed food record. A significant
correlation was found between these two methods of reporting current intake of fish oil (ρ =
0.51, P < 0.001), but not for fish meals and fish toppings (ρ = 0.23, P = 0.098 and ρ = 1.23, P
= 0.146, respectively) (24). Because of low validity for overall current fish intake, these data
were not used to study prostate cancer risk. However, due to less frequent consumption of
salted or smoked fish in later life (table 2) it was not possible to validate the question in a 3day weighed food record and therefore not included in the validation study.
For midlife dietary habits, retrospective food consumption of 56-72-year-old
participants (n = 67) was estimated by comparing the results in the AGES-FFQ with detailed
dietary data (an hour-long interview on dietary habits in the past 3 months) gathered from the
same individuals 18-19 years previously. The strongest correlation was found for fish oil (ρ =
0.53, P < 0.001) while the correlation coefficient for fish consumption was 0.26 (P = 0.037)
(19).
The validity of the early life dietary assessment has not been investigated. Yet, the
data show similar residency-dependent variation in dietary habits as documented in a
household study conducted in Iceland in 1939 (21). Among those who had early life residency
in a coastal village 46 percent consumed more than four portions of fish per week in early life,
while 35 percent consumed high amount of fish in the capital area and 33 percent in rural
area. Fish oil consumption (once a week or more often) in early life was similar (68%) in
coastal villages and the capital area, while 57 percent of rural area residents reported fish oil
consumption. Lastly, high consumption of salted or smoked fish in early life was most
frequent among those who grew up in a rural area i.e. 69 percent and 58 percent in coastal
villages and 46 percent in the capital area.
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Covariate Assessment
Information on potential confounders in midlife was retrieved from the questionnaire or
health check-ups at entry to the Reykjavik Study and has been described elsewhere (15, 16).
Information on nutritional factors such as fish-, fish liver oil-, meat- and milk intake in all
time periods were obtained from the FFQ in the AGES-Reykjavik study as well as recall
information about physical activity in the past (18).

Ascertainment of outcome
We ascertained prostate cancer diagnoses through linkage with the nationwide Icelandic
Cancer Register, which captures 99% of cancers diagnosed in Iceland (25-27). Information on
cause of death was obtained from Statistics Iceland. Based on medical records, stage at
diagnosis was classified as stage I (incidental finding; T1a, NX/0, and MX/0); Stage II (tumor
confined to prostate gland; T1b/1c/1/2, NX/0, and MX/0); Stage III (tumor extending through
prostatic capsule; included T3, NX/0, and MX/0) and stage IV (locally advanced or metastatic
disease; T4, NX/0, MX/0; or any T, N1 and/or M1). We had information on stage for
approximately 75% of cases. Information on Gleason grade was not available. Since 1990
prostate cancer incidence rates in Iceland have increased rapidly with no substantial trend in
mortality, suggesting increased detection of nonlethal tumors (28).
Men who died from prostate cancer or had stage III or IV at diagnosis were classified
as having advanced prostate cancer. We retrieved information on cancer diagnosis (including
cancers that were prevalent among participants in AGES-Reykjavik) and mortality through
December 31, 2009. Because of computerized national roster that includes an individually
unique national registration number for each person, follow-up is virtually complete (29).
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Statistical Analyses
Our analyses of early-life and mid-life diet included both incident and prevalent cancer, and
thus we used logistic regression models to calculate odds ratios (ORs) and 95% confidence
intervals (CIs). We compared men who were high (> 4 portions per week), moderate (>2-4
portions per week) or low (≤ 2 portions per week) consumers of total fish. For advanced
prostate cancer, we collapsed moderate and high intake groups given the small number of
cases. Only six participants never consumed fish products in early life and two never in
midlife.
Information on potential confounders in midlife was retrieved from the questionnaire
or health check-ups at entry to the Reykjavik Study. We adjusted in multivariate models for
birth year (continuous), age at study entry in midlife (continuous), height (continuous), BMI
(≥30, <30 kg/m2), type 2 diabetes in midlife, education (three categories: elementary or
secondary school; college education; university education), family history of prostate disease,
seeing a physician regularly, fish oil consumption (never vs. once a week or more); rye bread
consumption (daily or more vs. less than daily); meat consumption (up to 2/ week vs. 3+/
week), and milk intake (daily or more vs. less than daily). Smoking habits and physical
activity were excluded from the models because they did not affect the risk estimates.
Similarly, in the analysis of fish oil consumption we compared once a week or more with
never consumers in all three time periods. For salted or smoked fish we contrasted high (1+
/week) with less frequent consumers (≤ 3 /month). Only 54 participants never consumed
salted or smoked fish in early life, 82 in midlife and 340 in current time. We also divided
salted or smoked fish intake in early life into three groups and explored the association with
advanced prostate cancer risk: three times a month or less (reference group, 43.7% of
participants), 1-2 times per week (43.6% of participants) and four times per week or more
(12.6%). We then employed a trend analysis using these three groups as a continuous
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variable. In the multivariate analysis we used the same covariates as for the total fish analyses.
Lastly, the salted and smoked fish consumption in midlife and early life was pooled in one
variable with four categories to assess potential effects of longitudinal consumption on
advanced prostate cancer risk.
When we analyzed later life consumption of fish oil and salted or smoked fish (1+
p/month vs. < 1 p/month), men with prevalent prostate cancer were excluded, and we used
Cox proportional hazard regression models to calculate hazard ratios (HRs) and 95% CIs of
total or advanced prostate cancer, using the same covariates as in the early- and midlife
analyses.
In all statistical analyses, we used SPSS software, version 19.0 (SPSS Inc., 2009, IBM
Chicago, IL, www.spss.com). The study protocol was approved by the Icelandic Ethical
Review Board (VSNb2007120014/03-7) and the Icelandic Data Protection Authority.
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RESULTS
Overall findings
The mean age (±SD) was 46.8 ± 6.9 y when the participants entered the Reykjavik Study and
76.6 ± 5.3 y when they entered the AGES-Reykjavik component and provided the dietary
information. Table 1 shows characteristics, mostly collected in midlife in the Reykjavik
Study, of the men who reported their dietary habits (n = 2268).
Table 2 shows dietary habits among the participants across three periods of life and
reflects the variability in food availability in Iceland across time. The correlation coefficients
are generally weak for individual food items between adolescent diet and current diet with the
strongest positive correlation for rye bread (ρ = 0.36, P < 0.001). Meat consumption was the
only food item that showed negative correlation (ρ = -0.06, P = 0.008), suggesting a shift in
consumption between regional areas and/or social groups during this study period. Dietary
habits also changed markedly during the study period with high consumption of salted or
smoked fish declining from 60% to 7% from 1907 to 2006. The highest category of total fish
consumption, over 4 portions per week, also declined from 38% to 21%, whereas daily fish
oil consumption increased from 30% to 61%, most probably due to greater access.
Of the 2268 men, 347 had been or were diagnosed with prostate cancer during followup, 63 with advanced disease. The mean age (± SD) at cancer diagnosis was 74.8 ± 6.5 y.
After completion of the FFQ, 133 men were diagnosed with prostate cancer, of which 27 had
advanced disease. When we analyzed current dietary habits assessed at entry to the AGESReykjavik study, the 214 prevalent cases were excluded. The mean follow-up time (± SD)
from entry to the AGES-Reykjavik until diagnosis of prostate cancer, death or the end of the
observation period was 5.0 ± 1.6 y.

12

Fish intake
High total fish consumption in early and midlife was not associated with total, or advanced
prostate cancer (Table 3). Likewise, high intake of salted or smoked fish during early life and
midlife showed no association with total prostate cancer (Table 4). However, men consuming
salted or smoked fish once a week or more often during adolescence were at 2-fold increased
risk for advanced prostate cancer (95% CI: 1.08, 3.62) compared with consumption 3 times
per month or less. When we added early life residency to the multivariate model, the risk
estimate increased slightly [OR (95% CI): 2.16 (1.13, 4.12)]. We further divided salted or
smoked fish intake into three groups and explored the association with advanced prostate
cancer risk. We found a significant trend with risk estimates of 1-2 times per week [OR (95%
CI): 1.93 (1.03, 3.60], and three times per week or more [OR (95% CI): 2.18 (0.94, 5.06)]
compared with three times a month or less (Ptrend = 0.03).
High intake of salted or smoked fish in midlife showed no statistically significant
association with advanced prostate cancer. However, we found a positive association with
high consumption (1+ p/month vs. < 1 p/month) of salted or smoked fish in later life [HR
(95% CI): 2.28 (1.04, 5.00)] and advanced prostate cancer. When we added early life
residency to the fully adjusted model, the risk estimate was minimally affected [HR (95% CI):
2.15 (0.96, 4.81)]. None of those frequent consumers of salted or smoked fish in later life with
advanced prostate cancer were also frequent consumers in early life (1+ p/month vs. < 1
p/month).
Table 5 presents ORs and 95% CIs of advanced prostate cancer by salted or smoked
fish consumption both in adolescence and midlife. Compared with low consumption in both
time periods a positive association was only observed when the consumption was high in both
time periods [OR (95% CI): 2.14 (1.05, 4.35)].
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Fish oil
Early or midlife consumption of fish oil was not statistically significant associated with total
prostate cancer or with advanced disease (Table 6). For current fish oil consumption in later
life no significant association was found with total prostate cancer, although daily
consumption showed an inverse trend [HR (95% CI): 0.72 (0.48, 1.06)]. However, those
consuming fish oil once a week or more often in late life were at decreased risk for advanced
disease compared with those who never consumed fish oil [HR (95% CI): 0.43 (0.19 - 0.95)].
When we added early life residency to the multivariate model, the risk estimate for advanced
disease was similar [HR (95% CI): 0.45 (0.20 - 1.03)].
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DISCUSSION
In this population-based study of Icelandic men, consumption of total salted or smoked fish
and intake of fish oil during different periods of life was not associated with risk of prostate
cancer overall. In contrast, the risk of advanced prostate cancer was increased following high
intake of smoked or salted fish during adolescence and late life, and substantially reduced
among men who consumed fish oil at older age. Although our results for total fish intake in
midlife are in line with a recent meta-analysis on 12 cohort studies (5), we emphasize that our
study was conducted in a population with a uniquely high intake of particularly lean fish.
Hence, our reference group of up to two fish meals per week could in fact also be classified as
a “high intake group” in other study populations. Thus, we cannot rule out the possibility that
a potential beneficial threshold level might already have been reached by our reference group.
To our knowledge only one other study (population-based case-control) assessed early
life fish intake and prostate cancer risk, and found a marginally increased risk following
frequent fish consumption (17). The discrepancy with our findings could be due to different
study design, dissimilar fish species consumed, and different methods of collecting data on
diet. We have previously reported that residency in seaside villages, with exceptionally high
fish consumption for the first twenty years of life, was not associated with prostate cancer risk
(15).
Unexpectedly, we discovered a positive association between frequent salted or smoked
fish consumption both in early- and late life and advanced prostate cancer. At least three casecontrol studies have reported findings on this subject. A study from China assessed intake five
years prior to diagnosis and reported positive association between salted fish consumption and
total prostate cancer (30). However a study from Poland (31) showed an inverse association
between frequent consumption of smoked or dried fish or liver and a study from Canada also
found an inverse association between frequent consumption of smoked/dried/salted fish and
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prostate cancer (32). These mixed results could be due to different species of fish being
preserved along with different methods of preserving the fish. In addition none of these
studies presented data on advanced and localized prostate cancer separately. The mechanism
behind our finding on salted or smoked fish is unclear and could be due to the salt content
and/or presence of mutagens as a result of the preservation process (33). Our findings could
be due to ineffective preservation processes ensuing in infectious microorganisms being
present in the fish; genitourinary infection has been suggested to play a role in the etiology of
prostate cancer, although specific infectious agent has yet to be identified (34).
We are not aware of studies that have examined smoked or salted fish consumption in
early life in relation to prostate cancer, yet early life rural residency in Iceland (compared with
early life city residency) examined in a larger cohort during the beginning and mid of 20th
century was associated with increased risk of advanced prostate cancer (15). At that time high
intake of milk, salted or smoked fish, meat and rye bread was typical. Thus, although we
previously suggested that high milk consumption could explain our findings for rural
residency, we cannot rule out that salted or smoked fish intake might explain, in part, the
positive association between early life rural residency and advanced prostate cancer risk.
We found no association between fish oil consumption in early-and midlife and
prostate cancer, but late life consumption was inversely associated with advanced prostate
cancer risk. This finding suggests a role in disease progression rather than etiology and fits
with results on high prediagnostic plasma 25-hydroxyvitamin D predicting improved prostate
cancer prognosis (13, 14).
The ability to study fish and fish oil consumption across the life course is a particular
strength of our study design. Other important strengths are the extensive background data
allowing control for potential confounding factors and the complete follow-up. For analyses
that include prevalent cases, our results are vulnerable to recall bias because men with
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prevalent prostate cancer may evaluate their past dietary consumption differently from men
without prostate cancer. However, for salted or smoked fish consumption, we only found
associations with advanced prostate cancer not total, and only for early life intake, a pattern of
findings unlikely to arise due to different recall between cases and controls. Furthermore,
findings on current diet in late life were based on incident cases only.
The validation study on current food consumption did not show acceptable results for
fish meals, possibly due to the inability of the 3-day food record used as a reference method,
to adequately reflect individual intake of food items that are consumed 1-2 times per week or
3-4 times per week (24). The validation study on midlife food consumption in the AGESReykjavik showed that participants were acceptably ranked by their intake of several
important food groups (19). Still, there is uncertainty in assessing dietary habits stretching
over a 40 to 50 year period of time but this would typically lead to underestimation of the
observed associations and failure to observe true associations. The validity of the early life
dietary assessment has not and cannot be investigated. Yet, the data importantly show similar
residency-dependent variation in dietary habits as documented in a household study
conducted in Iceland in 1939 (21). It has indeed been reported that food related memory from
childhood over four decades later can be as accurate as from current diet, especially for food
items eaten rarely or daily (35). Lastly, the frequency of fish oil consumption was not
assessed in greater detail beyond “daily intake” which limited our opportunities for assessing
dose-response. Daily dosage is however recommended on the product, which is 10 ml per
day.
In summary, salted or smoked fish may increase risk of advanced prostate cancer,
whereas in a setting with very high fish consumption no association was found between
overall lean fish consumption in early life or midlife and prostate cancer risk. Potential
exposure to carcinogens in salted or smoked fish needs further study. We observed reduced
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risk associated with fish oil consumption in late life, but not in early life or midlife, which
may be an indication of a mechanism involving n-3 PUFAs and/or vitamin D and opens for
studies on the potential protection of fish oil on the progression of prostate cancer.
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Table 1. Characteristics of participants reporting dietary habits in the study
N = 2268
n (%)
Age (y)1
Education
-Primary and Secondary
-College
-University
Prostate disease in the family
Regular health check-up
Diabetes type 2 in midlife
Smoking status in midlife
-Never
-Previously
-Current
Early life residency2
-Reykjavik
-Sea village
-Rural area
-Combination of rural area / sea village
BMI (m/kg2) ≥ 30 in midlife
2

BMI (m/kg ) in midlife
Height (cm) in midlife 1
1
2

1

values are means ± SDs
Data on residency is missing for 55 men

76.6 ± 5.3
1663 (73.3)
314 (13.8)
291 (12.8)
224 ( 9.9)
421 (18.6)
38 ( 1.7)
575 (25.4)
529 (23.3)
1164 (51.3)
816 (36.9)
724 (32.7)
599 (27.1)
74 ( 3.3)
163 ( 7.2)
25.5 ± 3.1
177.9 ± 6.0
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Table 2. Dietary habits among participants through different time-periods
Adolescence
n (%)

Midlife
n (%)

Later life
n (%)

1097 (48.4)
301 (13.3)
868 (38.3)

300 (13.2)
1287 (56.8)
680 (30.0)

596 (26.3)
1203 (53.0)
470 (20.7)

987 (43.7)
1270 (56.3)

1465 (64.8)
797 (35.2)

2113 (93.3)
152 (6.7)

800 (35.4)
777 (34.2)
688 (30.4)

585 (25.9)
689 (30.5)
984 (43.6)

543 (24.0)
348 (15.4)
1371 (60.6)

less than daily
daily or more

463 (20.4)
1804 (79.6)

834 (36.9)
1425 (63.1)

1066 (47.1)
1197 (52.9)

less than daily
daily or more

1212 (53.7)
1046 (46.3)

1582 (70.0)
678 (30.0)

1659 (73.4)
601 (26.6)

2 times p/w or less
3 times p/w or more

864 (38.2)
1397 (61.8)

734 (32.5)
1525 (67.5)

696 (30.7)
1571 (69.3)

Fish
< 2 portions p/w
>2 up to 4 portions p/w
>4 portions p/w

Salted or smoked fish
3 times a month or less
once p/w or more

Fish oil
never
6 times p/w or less
daily

Milk and milk products

Rye bread

Meat

Spearmans´s ρ

P

0.11

< 0.001

0.19

< 0.001

0.19

< 0.001

0.25

< 0.001

0.36

< 0.001

-0.06

Salted or smoked meat
3 times a month or less
once p/w or more

1411 (62.5)
847 (37.5)

1560 (68.9)
703 (31.1)

2065 (91.3)
197 (8.7)

820 (36.3)
1416 (62.7)
21 (0.9)

134 (5.9)
2024 (89.6)
102 (4.5)

24 (1.1)
1517 (67.0)
724 (32.0)

563 (24.9)
1663 (73.6)
35 (1.5)

176 (7.8)
1967 (87.2)
114 (5.1)

167 (7.4)
1883 (83.1)
217 (9.6)

Fruits
never
6 times p/w or less
daily

Vegetables
never
6 times p/w or less

daily

0.008

0.26

< 0.001

0.07

0.001

0.23

0.000

Spearman's correlation analysis was performed when comparing dietary habits in adolescence and later life
P values were calculated by using Spearmans's correlation analysis
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Table 3. Prostate cancer risk by total fish consumption in early- and midlife
Age adjusted OR
(95% CI)

OR1 (95% CI)

Non-PCa (n) PCa (n)
924
32
998
30

1.0
0.77 (0.46, 1.29)

1.0
0.81 (0.46, 1.42)

Non-PCa (n) PCa (n)
924
173
252
49
746
122

1.0
1.03 (0.73, 1.46)
0.83 (0.65, 1.07)

1.0
1.05 (0.74, 1.51)
0.87 (0.66, 1.13)

Age adjusted OR
(95% CI)

OR1 (95% CI)

Non-PCa (n) PCa (n)
255
9
1667
54

1.0
0.81 (0.39, 1.67)

1.0
0.74 (0.35, 1.56)

Non-PCa (n) PCa (n)
255
45
1098
189
569
111

1.0
0.93 (0.65, 1.33)
1.02 (0.70, 1.49)

1.0
0.96 (0.66, 1.38)
1.05 (0.71, 1.57)

Adolescence (14-19 y)
Advanced (n= 62)
N= 1984
< 2 portions p/w
>2 portions p/w

Total PCa (n=344)
N= 2266
< 2 portions p/w
>2 up to 4 portions p/w

>4 portions p/w
Midlife (40-50 y)
Advanced (n= 63)
N= 1985
< 2 portions p/w
>2 portions p/w

Total PCa (n=345)
N= 2267
< 2 portions p/w
>2 up to 4 portions p/w
>4 portions p/w

1

Adjustment made for birth year, age at study entry in midlife, education, family history of prostate disease, going to a physician regularly, height in
midlife, BMI in midlife, type 2 diabetes in midlife and concurrent salted or smoked fish-, fish oil-, milk- , rye bread-, and meat intake
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Table 4. Prostate cancer risk by salted or smoked fish consumption across the lifespan
Age adjusted OR
(95% CI)

OR1 (95% CI)

Non-PCa (n) PCa (n)
847
16
1067
45

1.0
1.96 (1.09, 3.51)

1.0
1.98 (1.08, 3.62)

Non-PCa (n) PCa (n)
847
140
1067
203

1.0
1.08 (0.85, 1.37)

1.0
1.09 (0.85, 1.39)

Age adjusted OR
(95% CI)

OR (95% CI)

Non-PCa (n) PCa (n)
1241
38
678
25

1.0
1.09 (0.65, 1.83)

1.0
1.27 (0.74, 2.19)

Non-PCa (n) PCa (n)
1241
224
678
119

1.0
0.91 (0.72, 1.17)

1.0
0.96 (0.74, 1.24)

Age adjusted HR
(95% CI)

HR1 (95% CI)

Non-PCa (n) PCa (n)
1226
11
695
16

1.0
2.53 (1.17, 5.45)

1.0
2.28 (1.04, 5.00)

Non-PCa (n) PCa (n)
1226
86
695
47

1.0
0.99 (0.69, 1.41)

1.0
0.99 (0.69, 1.42)

Adolescence (14-19 y)
Advanced (n= 61)
N= 1975
3 times a month or less
Once a week or more

Total PCa (n=343)
N= 2,257
3 times a month or less
Once a week or more

Midlife (40-50 y)

1

Advanced (n= 61)
N= 1975
3 times a month or less
Once a week or more

Total PCa (n=343)
N= 2257
3 times a month or less
Once a week or more

Later life (67-96 y)
Advanced (n= 27)
N= 1948
Once a month or less
Once a month or more

Total PCa (n=133)
N= 2054
Once a month or less
Once a month or more
1

Adjustment made for birth year, age at study entry in midlife, education, family history of prostate disease, going to a physician regularly, height in midlife,
BMI in midlife, type 2 diabetes in midlife and concurrent total fish-, fish oil-, milk- , rye bread-, and meat intake
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Table 5. Prostate cancer risk by longitudinal salted or smoked fish consumption

Advanced prostate cancer (n =59)
Adolescence

Midlife

Number

OR1 (95%CI)

Low2

Low

821

1.00

162

0.84 (0.19, 3.79)

3

Low

High

High

Low

634

1.75 (0.86, 3.57)

High

High

633

2.14 (1.05, 4.35)

1

Adjustment made for birth year, age at study entry in midlife, education, family history of prostate disease,
going to a physician regularly, height in midlife, BMI in midlife, type 2 diabetes in midlife, rye bread-, fish-,
fish liver oil-, meat-, and milk intake in adolescence
2
3

Three times a month or less
Once a week or more
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Table 6. Prostate cancer risk by fish oil consumption across the lifespan
Age adjusted OR
(95% CI)

OR1 (95% CI)

Non-PCa (n) PCa (n)
681
25
1235
38

1.0
0.91 (0.54, 1.52)

1.0
0.92 (0.53, 1.60)

Non-PCa (n) PCa (n)
681
119
654
119
581
107

1.0
1.09 (0.83, 1.44)
1.07 (0.80, 1.42)

1.0
1.10 (0.83, 1.46)
1.06 (0.79, 1.42)

Age adjusted OR
(95% CI)

OR1 (95% CI)

Non-PCa (n) PCa (n)
490
16
1425
47

1.0
1.08 (0.60, 1.92)

1.0
1.02 (0.56, 1.85)

Non-PCa (n) PCa (n)
490
95
593
96
832
152

1.0
0.87 (0.64, 1.18)
0.95 (0.72, 1.26)

1.0
0.82 (0.60, 1.12)
0.90 (0.68, 1.20)

Age adjusted HR
(95% CI)

HR1 (95% CI)

Non-PCa (n) PCa (n)
457
10
1460
17

1.0
0.52 (0.24, 1.13)

1.0
0.43 (0.19, 0.95)

Non-PCa (n) PCa (n)
457
39
302
20
1158
74

1.0
0.74 (0.43, 1.28)
0.74 (0.50, 1.09)

1.0
0.70 (0.40, 1.20)
0.72 (0.48, 1.06)

Adolescence (14-19 y)
Advanced (n= 63)
N= 1979
Never
Once a week or more

Total PCa (n=345)
N= 2261
Never
6 times p/w or less

Daily
Midlife (40-50 y)
Advanced (n= 63)

N= 1978
Never
Once a week or more

Total PCa (n=345)
N= 2267
Never
6 times p/w or less

Daily
Later life (67-96 y)
Advanced (n= 27)
N= 1944
Never
Once a week or more

Total PCa (n=133)
N= 2050
Never
6 times p/w or less

Daily

1

Adjustment made for birth year, age at study entry in midlife, education, family history of prostate disease, going to a physician regularly, height in
midlife, BMI in midlife, type 2 diabetes in midlife and concurrent total fish-, salted or smoked fish-, milk- , rye bread-, and meat intake
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