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ABSTRACT
Breast cancer is the most common invasive cancer among women in Western countries
including Sweden. It has been hypothesized that ovarian hormones, such as estrogen
and progesterone may, at least partly, play an important role in the etiology of breast
cancer. Several nutritional related factors íalcohol, body weight, dietary fiber, and
dietary lignans í are postulated to affect levels of estrogen, progesterone and/or insulin
and to be associated with the development/prevention of breast cancer through
hormonal modulation. Evidence from in vitro, in vivo and from observational studies
suggested an association between these dietary factors and the risk of breast cancer.
However, it is not fully defined whether the major underlying mechanisms of the
association between these factors and breast cancer are hormone-dependent or not.
The aim of this thesis was to investigate the relation between these hormone-related
nutritional factors, such as alcohol, body weight, dietary fiber, and dietary lignans, and
invasive breast cancer incidence with estrogen- progesterone- receptor (ER/PR) status
in the population-based prospective Swedish Mammography Cohort (SMC).
The SMC includes women born between 1914 and 1948 and living in Uppsala and
Västmanland Counties who received a mailed questionnaire (1987í90) and a follow-up
questionnaire (1997). Our analyses include 51 823 postmenopausal women in the SMC
who were cancer free and completed the questionnaire at baseline. Cox proportional
hazard models were used to estimate rate ratios (RRs) with 95% confidence intervals
(CIs) with adjustment for potential confounders. All statistical tests were two-sided.
From March 1987 through June 2004, 1,188 invasive breast cancer patients with known
ER/PR status were identified. Among them, 716 were ER+PR+, 279 were ER+PRí, 50
were ERíPR+, and 143 were ERíPRí.
Alcohol intake was positively associated with the risk of breast cancer, especially with
ER+ tumors and the observed associations were more pronounced among PMH users.
Body weight was positively associated with the development of ER+PR+ tumors, but
not with other tumors subtypes. This positive association was confined to PMH neverusers.
We observed non-significant inverse association of total dietary fiber with all types of
tumors. However, we observed statistically significant inverse associations confined to
women without family history of breast cancer, to PMH ever-users, and to those with
high alcohol consumption. Fruit fiber intake was inversely associated with the risk of
all breast cancer, especially among PMH never-users. In contrast, among PMH everusers, cereal fiber intake was inversely associated with the risk of ER+PR+ tumors.
We observed non-significant inverse association of dietary lignans with all breast
cancer risk. In a similar manner as cereal fiber intake, dietary lignans were inversely
associated with the risk of ER+PR+ tumors among PMH ever-users.
In conclusion, our findings from this large prospective cohort suggest that alcohol,
body weight, dietary fiber and lignans intake could partly affect the risk of
postmenopausal breast cancer through hormone dependent mechanisms. Our results
indicate that the choice of diet í rich in dietary fiber and low alcohol consumption í
and body weight control are important factors for the prevention of postmenopausal
breast cancer, especially among PMH ever-users. In evaluating the association between
hormone-related nutritional factors and the risk of postmenopausal breast cancer, the
tumors’ ER/PR status should be considered.
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1 INTRODUCTION
Breast cancer is the most common invasive cancer among women in Western countries
including Sweden. Although its etiology is still unclear, it has been hypothesized that
ovarian hormones, such as estrogen and progesterone may, at least partly, play an
important role in the etiology of breast cancer. It has been suggested by studies among
immigrants (Kelsey and Horn-Ross 1993) that environmental factors may also play a
significant role. Environmental factors, including dietary factors, may act
independently or complementary with other risk factors to cause breast cancer.
A number of nutritional epidemiological studies have provided clues to the role of
dietary factors in breast cancer. Several nutritional related factors í alcohol, body
weight, dietary fiber, and dietary lignans í are postulated to affect levels of estrogen,
progesterone and/or insulin and to be associated with the development/prevention of
breast cancer through hormonal modulation. Evidence from in vitro, in vivo and from
observational studies suggested an association between these dietary factors and the
risk of breast cancer. However, it is not fully defined whether the major underlying
mechanisms of the association between these factors and breast cancer are hormonedependent or not. It is essential to consolidate additional well-designed studies to
determine plausible biological mechanisms on the carcinogenic process of breast
cancer.
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2 BACKGROUND í BREAST CANCER
2.1

DISCRIPTIVE EPIDEMIOLOGY – SWEDISH WOMEN

Breast cancer is the most prevalent malignancy and the first leading cause of death
from cancer among women in many developed countries including Sweden (2006).
According to a report from The National Board of Health and Welfare, in Sweden,
breast cancer accounted for about one third (29.5%) of all female cancer patients in
2004 (2006) (Figure 1).

Figure.1 The ten most frequent specified cancer sites among Swedish women

In Sweden, the incidence rate has steadily increased from 1960 to 2004 (Figure 2). In
2004, 6,925 women were newly diagnosed. In contrast, the mortality rate is almost
unchanged in Sweden. This might partly be due to early detection through a
mammography screening program. The routine mammography screening has been
offered to women over 40 or 50 years of age in Sweden. The World Health
Organization’s International Agency for Research on Cancer (IARC) and a Swedish
study reported that the mammography screening program has lead to a significant
reduction of mortality from breast cancer (Tabar, Vitak et al. 2001; 2002). Early
detection of tumors due to early screening might lead to successful surgical removal.
Therapeutic advances in the treatment of breast cancer, such as adjuvant chemotherapy,
endocrine therapy, and radiotherapy (2005) (Veronesi, Boyle et al. 2005) were also
thought to contribute to this trend.
Incidence and mortality rates of breast cancer might vary according to age and
across countries (Parkin, Bray et al. 2005; MacMahon 2006).
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2.2

POSSIBLE RELATED FACTORS - RISK AND PREVENTIVE

Although its etiology is still unclear, there are several related factors that have been
well established, such as physiological factors (e.g. age, gender), lifestyle factors (e.g.
diet, physical activity), reproductive factors (e.g. age at menarche, menopausal status,
use of OC, use of PMH), other environmental factors (e.g. radiation) and
hereditary/genetic factors (e.g. family history of breast cancer, BRCA1 mutation).
2.2.1 Physiological factors
Gender
Female is a higher risk group compared to male. Male breast cancer patients are very
rare (Adami, Hakulinen et al. 1989) (D'Avanzo and La Vecchia 1995).
Age
Aging is associated with increased risk of breast cancer. Increased risk due to aging
could be partly explained by cumulative oxidative stress with advancing age, which
might cause events of sequence alteration encoded in the genome. Furthermore, aging
may alter breast cancer biology. Age tended to be positively associated with ER+PR+
tumors (Ruder, Lubin et al. 1989; Tarone and Chu 2002; Colditz, Rosner et al. 2004). It
was reported that older patients were likely to have a slower growth rate to be ERpositive and less likely to be p53-positive, EGFR-positive or ErbB2-positive
(Eppenberger-Castori, Moore et al. 2002).
The age-incidence curve of overall breast cancer (Figure 3) showed the rate of
increase in breast cancer incidence decline after menopause, probabry due to lower
circulating estrogen and progesterone level (Key and Pike 1988). After defined ER/PR
tumors, incidence rates for ER+PR+ tumors showed similar tendency (Figure 4 )
(Yasui and Potter 1999) (Anderson, Chatterjee et al. 2002).
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Figure 3.

Figure 4

Figure 3. Age-incidence curve of overall breast cancer
(from data for U.S. white females 1969-1971) Data source: (Key and Pike 1988)
Figure 4. Age-specific incidence rates of breast cancer by the joint status of estrogen
and progesterone receptors (ER/PR), estimated from Danish national data, plotted in a
log-log scale: ٤ = ER+ /PR+ ; ٌ = ER+ /PRí ; ً = ERí/ PR+ ; ٨ = ER í/PRí.
Data source:(Yasui and Potter 1999)
Race/population
Caucasian women tend to have higher risk of breast cancer than Asian women. One
explanation for the difference may be that Caucasian women are likely to have lower
fecal excretion of estrogens and higher urinary and blood levels of estrogens than Asian
women (Goldin, Adlercreutz et al. 1986; Key, Chen et al. 1990; Bernstein and Ross
1993; Adlercreutz, Gorbach et al. 1994), which may be due to differences in diet, body
size, and menstrual cycles between populations (Henderson and Bernstein 1991).
2.2.2 Life style factors
Dietary related factors
According to the previous studies among immigrants (Kelsey and Horn-Ross 1993),
environmental factors may also play a significant role in the etiology of breast cancer.
Environmental factors, including dietary factors, may act independently or
complementary with other risk factors to cause breast cancer. There are many nutritionrelated factors which have potential influence on breast cancer risk (World Cancer
Research Fund 1997) (Table 1).
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In this thesis, we focused on four nutrition-related factors í alcohol, body weight,
dietary fiber, and dietary lignans. These factors have been hypothesized to affect the
development and/or the prevention of breast cancer through hormonal modulation by
interfering with ovarian hormone levels, insulin levels, and steroid receptors levels.
Table1. Potential nutritional related factors to influence the risk of breast cancer
Risk
Evidence
Decreases
No relationship
Increases
Convincing
Coffee
Rapid growth and
greater adult height,
alcohol
Probable
Fruits and vegetables
Cholesterol
High body weight,
adult weight gain
Possible
Physical activity,
MUFA, PUFA,
Total fat, saturated
NSP/fiber, carotenoids retinol, vitamin E, animal fat, meat
poultry, black tea
Insufficient Vitamin C,
Animal protein,
Phytoestrogen
DDT residues
(plant lignans/
isoflavones),
fish
(Original data source from World Cancer Resarch Foundation 1997 (World Cancer
Research Fund 1997), Food, nutriton and the prevention of cancer; with modification
of alcohol)
Alcohol intake
A majority of epidemiological studies have demonstrated a positive association of
alcohol with increased risk of breast cancer (Smith-Warner, Spiegelman et al. 1998),
although not all (Kuper, Ye et al. 2000). Approximately 60% of breast tumors over
express ER at the time of diagnosis (Clarke, Dickson et al. 1992). Therefore, a number
of hormone dependent mechanisms mediated by ER and/or PR on the effect of alcohol
on postmenopausal breast cancer risk have been hypothesized (Gavaler and Rosenblum
1987) (Reichman, Judd et al. 1993) (Ginsburg, Walsh et al. 1995; Dorgan, Baer et al.
2001) (Fan, Meng et al. 2000), including the induction of endogenous estrogen levels
by alcohol (Gavaler and Rosenblum 1987; Ginsburg et al. 1995; Dorgan et al. 2001).
The association between alcohol intake and progesterone levels has also been suggested
(Garcia-Closas, Herbstman et al. 2002).
Alternative hypotheses include activation through hormone-independent pathways
(Feron, Til et al. 1991; Brooks 1997). Several epidemiological studies have evaluated
whether the association between alcohol intake and postmenopausal breast cancer risk
differ across ER/PR status of tumors (Cooper, Rohan et al. 1989) (Nasca, Liu et al.
1994) (; Potter, Cerhan et al. 1995; Yoo, Tajima et al. 1997; Enger, Ross et al. 1999;
Huang, Newman et al. 2000; Cotterchio, Kreiger et al. 2003; Li, Malone et al. 2003
need to check all ref including 2006), but their results were inconsistent.
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Dietary fiber
Definition of dietary fiber is still ambiguous and involves specific chemical substance
and layer. In Sweden, they are defined as “non-digestible and non-absorbable
substances by body enzyme in passing small intestine without reaching large intestine,
such as cellulose, hemicellulose, pectin, lignin, and resistant starch” which are not
contributed to energy intake. In the United States, it comprises nondigestible
polysaccharides, naturally occurring resistant starch and oligosaccharides, and lignans
in plants (Standing Committee on the Scientific Evaluation of Dietary Reference
Intakes 2001).
In the 1980’s, intake of dietary fiber/ fiber related phytochemicals has been
hypothesized to be associated with a decreased risk of breast cancer through the
reduction of circulating estrogen levels (Adlercreutz 1984; Gorbach 1984), since it was
reported that vegetarian women consuming a fiber-rich diet had increased fecal
excretion and decreased urinary excretion of estrogens (Adlercreutz, Fotsis et al. 1982;
Goldin, Adlercreutz et al. 1982) through interference of fiber with the enterohepatic
metabolism (Shultz and Howie 1986; Cohen, Zhao, Zang, Wynn et al. 1996).
Previous studies also suggested an association of increased intake of dietary fiber
and/or fiber related photochemical with a reduction of serum estrogen levels (Goldin et
al. 1982; Rose, Goldman et al. 1991; Adlercreutz, Bannwart et al. 1993) and with
increased level of sex hormone binding globulin (SHBG), which binds free-estrogen to
regulate the bioavailability of estradiol (London, Willett et al. 1991; Adlercreutz,
Mousavi et al. 1992; Goldin, Woods et al. 1994). Among premenopausal women, high
fiber intake was associated with reduction in serum E2 levels irrespective of the level of
fat intake (Rose et al. 1991) (Rose, Lubin et al. 1997).
Animal studies reported a significant inhibition of mammary carcinoma by
dietary fiber intake (Fisher, Berry et al. 1985; Arts, de Bie et al. 1991; Cohen, Kendall
et al. 1991; Cohen, Zhao, Zang and Rivenson 1996; Cohen, Zhao, Zang, Wynn et al.
1996; Zile, Welsch et al. 1998) , but these studies did not support hormone dependent
mechanisms (Cohen et al. 1991) (Cohen, Zhao, Zang and Rivenson 1996) (Cohen,
Zhao, Zang, Wynn et al. 1996). Therefore, other biological mechanisms were also
proposed through the presence of bioactive component in dietary fiber, such as
phytoestrogens, antioxidants, phytic acid, and protease inhibitors (Shamsuddin 1995;
Gerber 1998; Cohen 1999).
The importance of the type of fiber as well as the amount of fiber is also discussed
(Rose et al. 1991; Rose et al. 1997). Previous studies suggested that effects of dietary
fiber may vary depending on the source food of fiber as well as the amount of fiber
(Cohen 1999) and suggested the type of fiber should be considered separately. In this
thesis, we investigated intake of cereal, fruit, and vegetable fiber as well as intake of
total fiber.
Several case-control studies (Howe, Hirohata et al. 1990; Van 't Veer, Kolb et al.
1990; Graham, Hellmann et al. 1991; Zaridze, Lifanova et al. 1991; Baghurst and
Rohan 1994; Yuan, Wang et al. 1995; Franceschi, Favero et al. 1996; Freudenheim,
Marshall et al. 1996) (De Stefani, Correa et al. 1997) and seven cohort studies
(Graham, Zielezny et al. 1992; Rohan, Howe et al. 1993; Jarvinen, Knekt et al. 1997;
Verhoeven, Assen et al. 1997; Terry, Jain et al. 2002; Holmes, Liu et al. 2004) (Giles,
Simpson et al. 2006) have evaluated intake of fiber in relation to overall breast cancer.
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The only one prospective study (Giles et al. 2006) reported the association of dietary
fiber with ER/PR defined breast cancer risk. However, their results are not consistent.
Fruits and vegetables
Diet rich in fruits and vegetables may be associated with decreased the risk of breast
cancer. However, epidemiological results from a pooled analysis (Smith-Warner,
Spiegelman et al. 2001) did not confirm an inverse association between fruits and
vegetables and overall breast cancer risk.
According to ER tumor subtypes, a prospective cohort study reported an inverse
association of fruits and vegetables intake with the risk for ERí tumors but not for ER+
tumors (Olsen, Tjonneland et al. 2003), although the analyses were not adjusted for
potential confounder. The Nurses’ Health Study also reported a prudent dietary pattern
with fruit- and vegetable-rich diet may reduce ERí breast cancer risk (Fung, Hu et al.
2005). In contrast, a large case-control study reported a statistically significant inverse
association for fruits and vegetables for ER+ postmenopausal tumors but not ERí
tumors (Gaudet, Britton et al. 2004). Due to the small number of studies, the
association of fruits and vegetables intake with ER/PR defined breast cancer risk
remains inconclusive.
Total Fat
A hypothesis that dietary fat plays a role in breast cancer was generated by the results
from international ecological studies (Armstrong and Doll 1975). One of the proposed
biological mechanisms for this hypothesis is that dietary fat may play a role in the
development of breast cancer through affecting hormonal metabolism. Previous studies
reported that vegetarians consuming a lower fat and higher fiber diet had increased
fecal excretion and decreased urinary excretion of estrogen (Adlercreutz et al. 1982;
Goldin et al. 1982). It was also suggested that the reduction of dietary fat may lead to
lower E2 level among postmenopausal women (Prentice, Thompson et al. 1990). A
meta-analysis also reported that low fat diet could lead to the reduction of serum E2
levels (Wu, Pike et al. 1999). High fat diet might also indirectly lead to the increase of
body fat which is a major source of endogenous estrogen among postmenopausal
women. In contrast, no significant changes in levels of estrogen by reduction of dietary
fat intake were also reported (Hagerty, Howie et al. 1988; Crighton, Dowsett et al.
1992).
Evidence from epidemiological studies was also controversial. A meta-analysis of
seven prospective cohort studies, including our cohort, did not observe a positive
association between fat intake and breast cancer risk (Hunter, Spiegelman et al. 1996).
A meta-analysis of twelve case control studies (Howe et al. 1990) and another with
seven cohort and sixteen case-control studies (Boyd, Martin et al. 1993) reported a
statistically significant increased risk, especially among postmenopausal women (Howe
et al. 1990). Two contrasting results in these meta-analyses between a null association
in cohort studies and the positive association with case-control studies raise issues
concerning biased results from two aspects. One is non-differential misclassification of
total fat intake attributable to cohort design, leading to null association. The other is
recall bias due to case-control design, leading to the overestimated results. However,
recent randomized control trial (Prentice, Caan et al. 2006) did not support the positive
association of total fat intake with the risk of breast cancer.
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One prospective study observed that higher fat intake conferred a slightly but not
significantly increased risk for ER+PR+ tumors and a slightly but not significantly
reduced risk for ERíPRí tumors (Kushi, Potter et al. 1995).
Phytoestrogens
Phytoestrogens are plant compounds with a chemical structure similar to estrogen.
An initial leading hypothesis for the preventive effect of phytoestrogens against
breast cancer was based on their antiestrogenic action as a ligand to estrogen receptor
(ER) competing with endogenous estrogen due to their similar chemical structure to
estrogen (Martin, Horwitz et al. 1978). However, ER-independent biological
mechanisms have also been proposed (Mäkelä, Strauss et al.). Phytoestrogens may
affect hormonal production by interference with enzymes of steroid biosynthesis and
protein binding, and gonadotropin release (Adlercreutz 1998c).
Phytoestorgens can be subdivided into two main groups: isoflavonoids and
lignans (Adlercreutz 2002). In northern European populations, including Sweden, plant
lignans are the major source of dietary phytoestrogens. Therefore, in this thesis in Paper
IV, we focused on dietary lignans.
Dietary Lignans
Lignans are present mainly in cereals, berries and vegetables (Adlercreutz 1998b) and
are metabolized by the intestinal microflora to produce mammalian lignans (a
metabolite of plant lignans), such as enterodiol and enterolactone (Enl) (Adlercreutz
2002). Since a significantly lower excretion level of urinary lignans among
postmenopausal breast cancer patients was reported compared to normal omnivorous
and vegetarian women (Adlercreutz et al. 1982), a hypothesis for a protective effect of
lignans against breast cancer has been evaluated in vitro (Welshons, Murphy et al.
1987; Hirano, Fukuoka et al. 1990; Mousavi and Adlercreutz 1992), in vivo (Serraino
and Thompson 1991; Serraino and Thompson 1992), and in human clinical studies
(Adlercreutz 1986; Adlercreutz, Hockerstedt et al. 1987; Adlercreutz 1988;
Adlercreutz, Honjo et al. 1991; Phipps, Martini et al. 1993).
Hormone-related biological mechanisms have been proposed for the protective
effect of lignans against breast cancer (Adlercreutz et al. 1992; Adlercreutz et al. 1993).
Non hormone-related mechanisms were also discussed (Hirano et al. 1990; Kitts, Yuan
et al. 1999; Mäkelä, Strauss et al.; Prasad 2000; Rickard, Yuan et al. 2000).
There are seven prospective cohort studies (Hulten, Winkvist et al. 1998; den
Tonkelaar, Keinan-Boker et al. 2001; Horn-Ross, Hoggatt et al. 2002; Hulten, Winkvist
et al. 2002; Keinan-Boker, van Der Schouw et al. 2004; Olsen, Knudsen et al. 2004;
Zeleniuch-Jacquotte, Adlercreutz et al. 2004), eleven case-control studies (Ingram,
Sanders et al. 1997; Horn-Ross, John et al. 2001; Pietinen, Stumpf et al. 2001; Dai,
Franke et al. 2002; McCann, Moysich et al. 2002; dos Santos Silva, Mangtani et al.
2004; Linseisen, Piller et al. 2004; McCann, Muti et al. 2004; McCann, Kulkarni et al.
2006; Piller, Chang-Claude et al. 2006; Piller, Verla-Tebit et al. 2006), and a case-case
study (Touillaud, Pillow et al. 2005). Five of them examined the association between
lignans and the risk of ER and/or PR defined breast tumors (den Tonkelaar et al. 2001;
Olsen et al. 2004; Touillaud et al. 2005; McCann et al. 2006; Piller, Chang-Claude et al.
2006), but their results were inconsistent.
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Total energy intake
There are many specific factors influencing energy intake, such as body size, physical
activity and metabolic efficiency (Willett 1998). For instance, larger body size may
require higher consumption of energy intake for resting metabolic activity and physical
activity in daily life. A positive association between physical activity and energy intake
has been reported (Johnson 1956 and Saltzman and Roberts 1995, Morris 1977). In this
thesis, we adjusted total energy intake in the statistical model as a crude measure of
physical activity (Willett 1998).
Physical activity
Physical activity is also hypothesized to reduce breast cancer risk either by altering the
cycle of ovulation during the women’s reproductive years or by improving insulin
sensitivity (Irwin, Yasui et al. 2003) (Ryder, Gilbert et al. 2001). Exercise may improve
insulin sensitivity either by reducing body weight (Irwin et al. 2003) or by activating
glucose transport through an insulin receptor-independent pathway (Ryder et al. 2001).
The improvement of glucose tolerance among PR knock-out mice also suggested the
role of PR in glucose homeostasis (Picard, Wanatabe et al. 2002). Only one casecontrol study reported that women with lower BMI (<23.7) who actively participate in
recreational physical activity (MET  17.6) showed about 68% reduction of the
development of ER+PR+ tumors compared to higher BMI ( 23.7) women with lower
level of recreational physical activity, although no statistical interaction was reported
(Enger, Ross et al. 2000).
Smoking
The association between smoking and overall breast cancer risk may be weak or null
(Hamajima, Hirose et al. 2002; Terry and Rohan 2002; Wrensch, Chew et al. 2003) and
there are few evidences of an effect modification by smoking between diet and breast
cancer. However, effect modifications by specific polymorphisms, such as Nacetyltransferase, which detoxifies carcinogenic substances in smoking, should not be
ignored (Ambrosone, Freudenheim et al. 1996). A statistically significant positive
association of smoking with the risk for ERíPRí tumors has been reported (Cotterchio,
Kreiger et al. 2003b).
2.2.3 Body size
Height
Several epidemiological studies (London, Colditz et al. 1989) (Tornberg, Holm et al.
1988) (Tretli 1989) (Vatten and Kvinnsland 1990) reported a statistically significant
positive association between height and breast cancer among postmenopausal women,
although the association may be confounded by other breast cancer risk factors, such as
age at menarche, and socioeconomic status. In our cohort, we also observed a
statistically significant positive association of height with the overall risk of
postmenopausal breast cancer, even after adjustment by BMI. One possible explanation
for that association is that height may be an indicator for the presence of growth factors
which is a potential risk factor of breast cancer.
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Body weight
The relation of body weight to the risk of breast cancer is critically dependent on
menopausal status (Huang, Hankinson et al. 1997). Obesity is one of the risk factors of
breast cancer among postmenopausal women (de Waard and Baanders-van Halewijn
1974; Hunter and Willett 1993). After menopause, it has been postulated that body fat
is the primary source of endogenous estrogen production (Siiteri 1987). Therefore, the
etiology of obesity on postmenopausal breast cancer is considered to be through
hormone dependent pathway.
A pooling study which included our cohort and a recent meta-analysis confirmed
this association (van den Brandt, Spiegelman et al. 2000; Bergstrom, Pisani et al. 2001).
In contrast, among premenopausal women, null or a small inverse association was
suggested (Lubin, Ruder et al. 1985; Willett, Browne et al. 1985; Hunter and Willett
1993) (Huang et al. 1997). The etiology of obesity on postmenopausal breast cancer is
considered through hormone dependent pathway, since it is postulated that body fat is
the primary source of endogenous estrogen production after menopause (Siiteri 1987).
Several epidemiological studies have evaluated whether the association between body
weight and pre- and postmenopausal breast cancer risk differs across ER/PR status of
tumors (Hislop, Coldman et al. 1986; McTiernan, Thomas et al. 1986) (Stanford, Szklo
et al. 1987) (Cooper et al. 1989) (Kreiger, King et al. 1991) (Potter, Cerhan et al. 1995)
(Enger et al. 2000) (Huang, Newman et al. 2000) (Yoo, Tajima et al. 2001) (Sellers,
Davis et al. 2002) (Britton, Gammon et al. 2002) (Wenten, Gilliland et al. 2002)
(Cotterchio et al. 2003b) (Colditz et al. 2004) (Eng, Gammon et al. 2005) (Li, Malone
et al. 2006) (Ma, Bernstein et al. 2006) (Rosenberg 2006), but their results were
inconsistent.
2.2.4 Reproductive factors
The length of premenopausal periods (age at menarche / age at menopause)
It was hypothesized that a longer premenopausal period might be associated with
increased risk of breast cancer because the circulating levels of E2 and progesterone are
much higher among premenopausal women than among postmenopausal women.
Therefore, it was suggested that early menarche (Henderson and Bernstein 1991) and
late menopause are associated with reduced risk of breast cancer (Key and Pike 1988;
Bernstein and Ross 1993; Kelsey, Gammon et al. 1993; Talamini, Franceschi et al.
1996).
Regarding ER/PR defined tumor subtypes, several previous studies also reported that
older age at menarche seems to be associated with reduced risk for ER+ PR+ tumors
(Potter et al. 1995) (Yoo, Tajima et al. 1997; Huang et al. 2000; Britton et al. 2002;
Cotterchio et al. 2003b; McCredie, Dite et al. 2003) not for ERíPRí tumors (Potter et
al. 1995; Yoo et al. 1997; Huang et al. 2000; Cotterchio et al. 2003b; McCredie et al.
2003).
The reason for menopause
Surgically induced menopause, such as a bilateral oophorectomy, was associated with a
reduction in breast cancer risk compared to natural menopause (Trichopoulos,
MacMahon et al. 1972). This might be due to a shorter premenopausal period(Bernstein
and Ross 1993).
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Parity
It has been suggested that parity may affect the bioavailability of estrogens. It has been
reported that estrogen levels were significantly lower in parous women compared to
those in nulliparous women after adjustment for the length of menstruation cycle and
age (Bernstein, Pike et al. 1985). It was also reported that the binding capacity of
SHBG might be higher in parous premenopausal women than in nulliparous
premenopausal women (Bernstein et al. 1985; Moore, Key et al. 1987). It was reported
that the reduced risk of breast cancer among parous women was more likely to be
observed for ER+ tumors than ERí tumors (Althuis, Fergenbaum et al. 2004).
Age at first birth
It has been suggested that age at first birth might be one of the important factors for
breast cancer risk (Talamini et al. 1996). It has also been reported that delayed
childbearing tended to be associated with increased risk for ER+ tumors compared to
ERí tumors by showing previous study results (Althuis et al. 2004).
2.2.5 Other factors
Education
The excess risk of breast cancer among women with high socioeconomic status has
been suggested by previous epidemiological studies. Levels of education might be
considered as one of the indicators for socioeconomic status. Previous studies reported
a positive association of education with the risk of breast cancer among
postmenopausal women (Paffenbarger, Kampert et al. 1980; Heck and Pamuk 1997),
although several established risk factors, such as parity and height could mediate this
relation (Heck and Pamuk 1997; Braaten, Weiderpass et al. 2004).
History of benign breast disease
Previous clinical studies and epidemiological studies have suggested that history of
benign breast disease, especially proliferative breast disease and atypical hyperplasia, is
a significant risk factor for breast cancer (London, Connolly et al. 1992; Hartmann,
Sellers et al. 2005).
Family history of breast cancer
Family history of breast cancer is one of the most significant risk factors for breast
cancer in the general population (McTiernan, Kuniyuki et al. 2001) (Ottman, Pike et al.
1983) (Schwartz, King et al. 1985). Much higher plasma/urinary estrogen levels was
reported among daughters of breast cancer patients than among controls (Henderson,
Gerkins et al. 1975) (Trichopoulos, Brown et al. 1981), although none of the studies
supported this(Boffard, Clark et al. 1981). Statistically significant positive associations
of family history of breast cancer with breast cancer risk were reported for all ER/PR
defined tumors subtypes (Colditz et al. 2004). However, a non-significant inverse
association for ER+PRí tumors (Potter et al. 1995) (Tutera, Sellers et al. 1996) and a
significant increased risk for ERíPRí tumors (Huang et al. 2000) were also reported.
Genetic factors
It was suggested that 27% of the breast cancer risk might be attributed to hereditary
factors, such as genetic defects (Lichtenstein, Holm et al. 2000). Breast cancer
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progression is a multiple step process involving the activation and inactivation of a
number of genes. There are several candidate genes. For instance, inherited mutations
in BRCA1 and BRCA2 predispose to high risk of breast cancer (King, Marks et al.
2003; Antoniou, Pharoah et al. 2005). It has also been reported that a significant
proportion of tumors with BRCA1 mutations express p53 mutations (Lacroix, Toillon et
al. 2006). It has been hypothesized that a certain CYP17 genotype (A2 allele) is a weak
risk factor for breast cancer (Ye and Parry 2002) by being associated with higher levels
of E2, estrone, DHEA, DHEAS, and androstenedione in both pre- and postmenopausal
women (Feigelson, Shames et al. 1998) (Haiman, Hankinson et al. 1999). However,
this was not seen in all studies (Garcia-Closas et al. 2002; Tworoger, Chubak et al.
2004). Other candidate genes which leads to hereditary breast cancer are ATM (AtaxiaTelangiectasia), CHEK2 (Li-Fraumeni-like syndrome), STK11/LKB (Peutz-Jegher
syndrome) and PTEN (Cowden Syndrome) (Lacroix and Leclercq 2005).
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2.3

HORMONES AND HORMONE RECEPTORS

The protective effect of a shorter length of premenopausal periods on breast cancer risk
suggested that ovarian hormones, such as estrogen and progesterone play an important
role in the etiology of breast cancer (Key and Pike 1988; Bernstein and Ross 1993).
Estrogen
Evidence suggested that estrogen is one of the critical risk factors for breast cancer
(Pike, Spicer et al. 1993) (Bernstein and Ross 1993). Results from a pooled analysis
also supported the association of endogenous E2 levels with increased risk of breast
cancer among postmenopausal women (Thomas, Reeves et al. 1997). Mechanism of
estrogen action is related with the estrogen receptor (ER), since the biological effects of
steroid hormones (estrogen) is mediated by a receptor protein (ER). Therefore, it is
important to understand the role of ER in the physiology of breast tissue as well as in
the pathology of breast tumors.
Estrogen receptor (ER)
Estrogen receptor (ER) is nuclear receptor proteins which belong to the steroid/thyroid
hormone super family of nuclear receptors.
Steroid receptors have a common functional structure, which is composed of
independent domains: the NH2-terminal domain (A/B), the DNA binding domain
(DBD)(C), and the ligand binding domain (LBD) (D,E,F) (Figure 5) (Nilsson, Makela
et al. 2001). Binding of hormonal ligand to ER in LBD leads to conformational changes
of the ER. Ligand bound ER can mediate stimulatory and/or inhibitory effects of
estrogen by binding specific DNA sequences in the DBD and thereby influencing
transcription of target gene (Nilsson et al. 2001). Receptor dimerization, receptor-DNA
interaction, recruitment of coactivators and other transcription factors are also involved
in a sequence of these processes, which determines the response of a cell to estrogens.
At present, at least two distinct and functional ERs, called ER Į and ER ȕ have
been found. ER ȕ was discovered in 1995. In this thesis, we focused on ER Į only. The
ER is the key mediator of estradiol (E2) action in normal mammary glands.
Approximately 60% of invasive breast cancer contain the ER (Clarke et al. 1992;
Clarke, Howell et al. 1997).
Progesterone/Progestin
Progesterone is secreted from the corpus luteum in the ovary during the second half of
the normal menstrual cycle. Progesterone effects are mediated by its nuclear receptors
(Graham and Clarke 1997). Levels of progesterone are low in the follicular phase and
in postmenopausal women. Progesterone have a proliferative effect on breast tissue
(Hissom and Moore 1987). At the same time, progestin also acts as an inhibitory agent
in breast cancer cells; therefore progestin is clinically used as a treatment for breast
cancer. The inhibitory effect might differ according to timing and dose (Lange, Richer
et al. 1999). Tissue specific effects of progesterone have been observed, such as a
proliferative effect in the breast and an antiproliferative effect in the uterus (Lange et al.
1999). The action of progesterone in the breast is not clearly understood.
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Progesterone receptor (PR)
Progesterone receptor (PR) also belongs to the steroid nuclear receptor super family.
Similarly with ER, it is activated by binding of a ligand and thereby exerting
stimulatory and/or inhibitory effects on expression of target genes. There are two types
of PR named PR-A and PR-B.
Figure 5. The domain structure of nuclear receptors and the process for mediating
hormonal effect

N-terminal domain

NH2-

A/B

C-terminal domain

hinge region
C

D

E

F

-COOH

Ligand binding domain (LBD)
DNA binding domain (DBD)
Process
1. Bind ligand at LBD, form a dimmer and go into nuclear
2. Bind DNA at DBD
3. Mediate the effects of estrogen by influencing RNA synthesis
The A/B domain at the NH2 terminus contains the TAF-1 site (transactivation function)
The C/D domain contains the two-zinc finger, essential for DNA binding.
The C/F domain contains the ligand binding pocket and the AF-2 site where contact
coactivator peptides.
D: Hinge region is responsible for the movement of the receptor to nucleus following
synthesis in the cytoplasm
E: Ligand binding domain is responsible for dimerization and for binding to heat shock
protein. It also contains the transcription activation function 2 (TAF2) domain.
F: C-terminal domain: This region modulates gene transcription.

Potential modulating factors for receptors status
Expression of ER/PR in breast tissue is regulated by hormones (Kreitmann, Bugat et al.
1979), therefore there are several potential modulating factors for receptor status, such
as age, sex, menstrual cycle, and life-stage (Shyamala, Chou et al. 2002).
The level of ER was down regulated by E2 (Lonard, Nawaz et al. 2000)
(Wijayaratne and McDonnell 2001), by progestin (Read, Greene et al. 1989)
(Berkenstam, Glaumann et al. 1989) and by androgens (Poulin, Simard et al. 1989) in
breast cell lines.
The synthesis of PR depends on ER-mediated estrogenic action (Freifeld, Feil et
al. 1974). The level of PR was regulated by estrogen in breast cell lines in which
increased PR mRNA levels and increased PR protein synthesis were shown (Nardulli,
Greene et al. 1988; Read, Snider et al. 1988).
The concentrations of ER/PR vary during the menstrual cycle. Among
premenopausal women, ER expression is higher in the follicular phase of the cycle.
Overall, ER levels in the luteal phase are only about 50% of the levels in the follicular
phase, which may be due to decreased ER levels by progesterone. In contrast, PR levels
are relatively stable during the menstrual cycle, although a small increase was reported
in the luteal phase (Pike et al. 1993). The concentrations of PR peak at the time of
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ovulation, reflecting induction of the PR by E2 (Rogerio A.Lobo 1997). It has been
reported that ER levels are down-regulated due to the high level of E2 during
pregnancy and are increased during lactation in the rodent mammary gland (Saji,
Jensen et al. 2000) (Shyamala et al. 2002).
After menopause, generally, ER levels tend to increase due to low levels of
estrogen. It is also reported that IGF-1 may decrease the expression of PR, independent
of ER activity (Cui, Zhang et al. 2003).
In this thesis, we focused only on postmenopausal women in order to avoid the
influence of menstrual cycle on ER/PR status.
Clinical importance for evaluation of ER and PR
ER and PR status of breast cancer tissue is known as a prognostic indicator (Gelbfish,
Davidson et al. 1988) and predictor of response to endocrine therapy in breast cancer
(Jensen, Block et al. 1971). Therefore, the receptor status of breast tumors is necessary
to know when selecting the appropriate therapy. Generally, patients with ER positive
(+) and/or PR positive (+) tumors have longer disease-free survival (Gelbfish et al.
1988) and better response to endocrine therapy, such as tamoxifen. However, 30 –
40 % of ER positive breast tumors do not respond to endocrine therapy (Locker 1998).
Exogenous estrogens
Postmenopausal hormones (PMH)
Numerous women all over the world are treated with different combinations of
estrogen and progesterone as postmenopausal hormones (PMH) in order to treat
menopausal symptoms (i.e. hot flashes, urogenital atrophy) and to prevent chronic
conditions such as osteoprosis and cardiovascular disease (Nelson, Humphrey et al.
2002). However, the adverse effect of PMH use on breast cancer has been reported.
There is substantial evidence that combined estrogen/progesterone synthetic
compounds are mitogenic to the human breast (Rossouw, Anderson et al. 2002;
Chlebowski, Hendrix et al. 2003) (Ross, Paganini-Hill et al. 2000; Li, Malone, Porter,
Weiss, Tang, Cushing-Haugen et al. 2003) (Schairer, Lubin et al. 2000), especially
when given for long-duration (Cancer 1997). In contrast, the effect of PMH with
estrogen alone on breast cancer risk has not been confirmed yet (Colditz 1998;
Hankinson, Willett et al. 1998; Li, Malone, Porter, Weiss, Tang, Cushing-Haugen et al.
2003).
Previous studies have investigated the association between use of PMH and the
risk of ER/PR defined breast cancer (Hildreth, Kelsey et al. 1983; Stanford et al. 1987;
Cooper et al. 1989; Potter et al. 1995; Huang et al. 2000; Chlebowski et al. 2003;
Cotterchio et al. 2003b; Li, Malone, Porter, Weiss, Tang, Cushing-Haugen et al. 2003;
Colditz et al. 2004). The results are not consistent. Five studies reported no association
(Potter et al. 1995) (Cotterchio et al. 2003b) (Cooper et al. 1989) (Stanford et al. 1987)
(Hildreth et al. 1983), three studies found a positive association for ER+ and/or PR+
tumors (Chlebowski et al. 2003; Colditz et al. 2004) (Li, Malone, Porter, Weiss, Tang,
Cushing-Haugen et al. 2003), and one study found a significantly decreased risk for
ER+PRí tumors (Huang et al. 2000).
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Oral contraceptive (OC)
Oral contraceptives have been found to either have no effect on or increase the risk for
breast cancer (Key and Pike 1988; Newcomb, Longnecker et al. 1996). A previous
study suggested that use of OC might be a risk factor of breast cancer among women
with family history of breast cancer (Grabrick, Hartmann et al. 2000). In contrast, use
of OC may reduce the risk of ovarian cancer (Riman, Nilsson et al. 2004) and
endometrial cancer. The hormonal effect of OC seems to be tissue-specific.
Several studies evaluated the association between use of OC and the risk of
ER/PR defined breast cancer (Potter et al. 1995; Althuis, Brogan et al. 2003)
(McTiernan et al. 1986; Stanford et al. 1987) (Cooper et al. 1989; Huang et al. 2000;
Britton et al. 2002; Cotterchio et al. 2003b; McCredie et al. 2003). A statistically
significant (Britton et al. 2002; Althuis et al. 2003) and non-significant (Stanford et al.
1987) (Cooper et al. 1989) (Cotterchio et al. 2003b) increased risk was reported for
ERí and/or PRí tumors. Non-significant increased risk for ER+ and/or PR+ tumors
has also been reported (McTiernan et al. 1986; Huang et al. 2000; McCredie et al.
2003). While a significant increased risk for ER+PRí tumor was also reported (Potter
et al. 1995),their results were inconsistent.
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3 AIMS
The overall objective of this thesis was to evaluate the association of nutrition-related
factors which were postulated to affect women’s hormonal level í alcohol consumption,
body weight, dietary fiber, and dietary lignans í with the risk of invasive breast caner
defined by ER/PR tumors subtypes. We also examined whether the observed risk
estimates differ across the defined estrogen- progesterone- receptor status of the tumors.
The specific aims were:
1) To study whether the association between alcohol consumption and breast cancer
risk differs across ER/PR tumors subtypes.
2) To evaluate whether the observed associations of alcohol consumption with breast
cancer risk are modified by PMH use, level of BMI, and family history of breast
cancer.
3) To investigate whether the association between body weight and breast cancer risk
differs across ER/PR tumors subtypes.
4)

To assess whether the observed associations of body weight with breast cancer
risk are modified by PMH use, level of alcohol intake and family history of breast
cancer.

5)

To examine whether the association between dietary fiber intake í specifically
cereal, fruit, and vegetable fiber í and breast cancer risk differs across ER/PR
tumors subtypes.

6) To evaluate whether the observed associations of dietary fiber intake with breast
cancer risk are modified by PMH use, level of BMI, levels of alcohol intake, and
family history of breast cancer.
7) To assess the whether association between dietary lignan intake and breast cancer
risk differs across ER/PR tumors subtypes.
8) To evaluate whether the observed associations of dietary lignan intake with breast
cancer risk are modified by PMH use, level of BMI, levels of alcohol intake and
family history of breast cancer.
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4 METHODS
4.1

SUBJECTS AND STUDY DESIGN

The Swedish Mammography Cohort
– Closed cohort design, but open re-entry with focus on postmenopausal women
The Swedish Mammography Cohort (SMC) was established in 1987 í1989 in
Västmanland County and in 1988í1990 in Uppsala County in central Sweden. All
women who were born between 1917 and 1948 in Västmanland county (n=41,786) and
between 1914 and 1948 in Uppsala county (n=48,517) were invited to a populationbased mammography screening program. The invitation letter was accompanied by a
questionnaire (FFQ-87: Supplemental information) that elicited information on weight,
height, diet, parity, age at first birth, family history of breast cancer, and education level.
In total 66,651 women completed the questionnaire (response rate 74%).
Information on age at menarche, age at menopause, use of oral contraceptives (OC) and
use of PMH was obtained from supplemental questionnaires from women in Uppsala
County at their mammography examination in 1988í1990.
In 1997, a second questionnaire (FFQ-97: Supplemental information) was sent to all
cohort members who were still alive and live in the study area (n = 56,092). The
follow-up questionnaire included questions about weight, height, waist and hip
circumferences, diet, details on reproductive factors, use of OC and PMH, lifestyle
factors, such as cigarette smoking status, and physical activity level. In total, 39,251
women completed the questionnaire (response rate 70 %).
The follow-up of the cohort for the studies in this thesis began in January 1988 in
Uppsala County and in November 1997 in Västmanland County, because routine
evaluation of ER and PR status had been implemented in Västmanland County in 1997
(during the period 1987íNov 1997, ER/PR status was unknown in 72.5% of case
patients) (Table 2).
Table 2. Distribution of breast cancer patients with known and unknown ER/PR status
by year of diagnosis (from March 1987 to end of June, 2004)*
Uppsala County
Västmanland County
ER/PR status
ER/PR status
Year of
Unknown
Unknown
diagnosis
known
unknown (%)
known
unknown (%)
1987−1997†
439
59
11.8
121‡
319‡
72.5‡
1997†−2002 334
40
10.7
294
14
4.5
2002−2004
118
0
0
91
2
2.2
Total
891
99
10.0
*ER = estrogen receptor; PR = progesterone receptor.
†The second questionnaire was implemented in 1997.
‡Excluded from the study cohort due to very high percentage of patients with unknown
ER/PR status.
We excluded women with missing or incorrect national identification numbers, date on
the questionnaires, date of moving out of the study area, date of death, women with
missing data on height, weight, age at first birth, parity, and women with extreme
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energy intake estimates (n=4,281). Women with a previous cancer diagnosis (except
non-melanoma skin cancer) that was identified by linkage to the National Swedish
Cancer Registry (before the start of the follow-up) were also excluded (n = 4,325).
Furthermore, we excluded all women who were not postmenopausal at the start of
follow-up (n= 27,722), but subsequently, we re-entered women who became
postmenopausal during follow-up, provided they were cancer-free and living in the
study area (n= 23,888). In the present study, we defined age at menopause as the age at
cessation of menstruation (natural or due to bilateral oophorectomy) based on the
information from the self-administered supplemental form in 1988-90 and the second
questionnaire in 1997 (SMC-97) (n= 39,727). If the information enabling us to
determine age at menopause was missing on the questionnaire, we defined it as either
the age at bilateral oophorectomy (from the Swedish Inpatient Register) if they were
younger than 55 years of age (n=734), or as 55 years of age if they were age 55 years
and older (n=13,750), because approximately 90% of women in the cohort stopped
menstruating before the age of 55(Figures 6 ,7, and 8).
Furthermore, all women who were more than 70 years old at baseline (n= 2 364)
were excluded from the analyses to avoid a potential selection bias due to the
overrepresentation of non-drinkers among breast cancer patients with unknown
receptor status in this age group (p= 0.04) (Suzuki, Ye et al. 2005)(Tables 3 and 4).
Regarding dietary fiber and dietary lignans, we did not observe any obvious difference
of distribution by receptor status (Table 5). Therefore, the study cohort was comprised
of 51,847 women for Paper I. Additionally, those with dubious information on date of
other cancer diagnosis were also excluded (n= 24). Consequently, the final study
cohort was comprised of 51,823 postmenopausal women for Papers II, III, and IV.

Figure 6: Source population, exclusion, and study population
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Figure 7: Data collection in the Swedish Mammography Cohort

Data collection and follow-up
The Swedish Mammography Cohort
SMC 87

SMC 97

40-74 age
1st FFQ
67 food items

49-83 age
2nd FFQ
93 food items

1987-1990

1997

Baseline
Follow-up
2004 June 30

Figure 8: Study design – an open re-entry within a closed cohort

Study design in the SMC
an open re-entry within a close cohort

Baseline

2004 June 30

1997

: Censored
: case

Uppsala
County

Postmenopausal
51 823 women
Total unknown
96 cases

Västmanland
County
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Table 3. Distribution of consumption of alcohol among cases with known and
unknown receptor status stratified by age at baseline among 51 823* postmenopausal
women in the Swedish Mammography Cohort
ER-PR- status
Alcohol
Age at
intake,
known
unknown
baseline, y
g/day
n= 1,188
n= 96
P†
45
Non-drinkers
23
1
<3.4
62
4
3.4 to 9.9
74
3
10
44
4
.75
46 – 50

51 – 55

56 – 60

61 – 65

66 – 70

Non-drinkers
<3.4
3.4 to 9.9
10

38
82
74
35

2
3
6
1

.61

Non-drinkers
<3.4
3.4 to 9.9
10

46
81
67
26

7
5
3
2

.26

Non-drinkers
<3.4
3.4 to 9.9
10

51
75
53
20

6
8
3
1

.67

Non-drinkers
<3.4
3.4 to 9.9
10

48
62
24
12

4
9
5
0

.33

Non-drinkers
<3.4
3.4 to 9.9
10

80
74
31
6

8
11
0
0

.15

>70 ‡

Non-drinkers
44
15
<3.4
33
1
3.4 to 9.9
8
3
10
1
0
.04
*The study cohort: excluding a part of data in Västmanland County (1987−1997) and
women who were more than age 70 years.
†P values (two-sided) were from the chi-squared tests.
‡Excluded from the study cohort because of the dependency of patients with unknown
receptor status on non-drinking status in this age group.
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Table 4. Distribution of patients according known or unknown ER/PR status by
selected characteristics in Swedish Mammography Cohort (for the study cohort, n =
51,823 women and the Uppsala county subcohort, n = 30,143)
The Uppsala County
The study cohort
subcohort ‡
ERPR status
ERPR status
Known Unknown
Known Unknown
Characteristics
P†
P†
n=1 188 n=96
n=891
n=99
Alcohol intake, g/day
Non-drinkers
286
28
244
35
<3.4
436
40
315
37
3.4 í 9.9
323
20
228
21
10.0
143
8
.27
104
6
.15
Body mass index, kg/m²
<25.0
25.0 – 29.9
30

618
410
160

46
36
14

.74

457
312
122

49
37
13

.90

Family history no
yes

1 023
165

86
10

.34

763
128

89
10

.25

Education <12 years
12 years

1 058
130

91
5

.08

820
71

93
6

.50

.32

362
260

42
32

.81

.68

291
338

41
34

.17

.91

134
475
282

17
53
29

.81

PMH use*

never
ever

492
408

36
38

OC use*

never
ever

399
504

35
40

No. of children

0
1 or 2
>2

161
656
371

13
51
32

Age at first birth, y
nulliparous
161
13
134
17
25
645
51
453
48
26−30
252
25
196
24
>31
130
7
.55
108
10
.83
*Based on the data with complete information.
†P values (two-sided) were from the chi-squared tests.
‡The Uppsala county sub-cohort used in a sensitivity analysis including women more
than age 70 years at baseline.
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Table 5. Distribution of patients according known or unknown ER/PR status by
selected characteristics in Swedish Mammography Cohort (for the study cohort,
n = 51,847 women)
ERPR status
Known
Unknown
Characteristics
P*
n=1,188
n= 96
Total fiber intake, g/day
Q1: <19.3
306
22
Q2: 19.3í22.3
307
23
Q3: 22.4í25.6
282
28
Q4: 25.7
293
23
0.7
Cereal fiber intake, g/day
Q1: <12.6
Q2: 12.6í15.2
Q3: 15.3í18.2
Q4: 18.3

335
324
241
288

25
25
17
29

0.6

Fruit fiber intake, g/day
Q1: <2.0
Q2: 2.0í3.1
Q3: 3.2í4.6
Q4: 4.7

301
291
300
296

21
25
25
25

0.9

Vegetable fiber intake, g/day
Q1: <1.06
Q2: 1.06í1.65
Q3: 1.66í2.43
Q4: 2.44

280
278
300
330

18
24
25
29

0.8

Total lignans intake, µg/day †
Q1: <712
313
23
Q2: 713í865
283
29
Q3: 866í1035
294
23
Q4: 1036
298
21
0.6
* P values (two-sided) were from the chi-squared tests.
† Total lignans intake was expressed as the sum of secoisolariciresinol, matairesinol,
lariciresinol, pinoresinol.
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4.2

EXPOSURE MEASUREMENT AND VALIDITY

Food frequency questionnaires at 1987 and 1997 (FFQ-87 and FFQ-97)
The FFQ-87 and FFQ-97 included 67 and 93 food items, respectively, commonly
consumed in Sweden. In FFQ-87, the women were asked to report an average
frequency of consumption of each food and beverage item during the past 6 months
before entry into the cohort. There were eight pre-specified frequency categories
ranging from “never/seldom” to “four or more times per day”. To estimate nutrient
intake from FFQ-87, we multiplied reported frequency of consumption by age-specific
portion size (<53, 53í65, and >65) based on mean values obtained from 213 randomly
chosen women from the study area who weighed and recorded their foods during four
1-week periods 3í4 month apart.
The estimated nutrient intakes based on these questionnaires were calculated
using the Swedish National Food Administration database (Bergström L 1991).
Nutritional covariates, except alcohol intake, were adjusted for total caloric intake by
using the residual method (Willett 1998). Since alcohol intake is not highly correlated
with total energy intake, it was not adjusted for total caloric intake by using the residual
method.
Self-reported questionnaires do not provide precise information. Therefore, the
quality of exposure information based on FFQ-based estimated intakes should be taken
into consideration before we analyze the data.
Paper I: Alcohol
To assess alcohol intake, the FFQ-87 included questions on five types of alcoholic
beverages, i.e., light beer (1.8% alcohol), medium beer (2.8% alcohol), strong beer
(4.5% alcohol), wine, and hard liquor. There were eight pre-specified frequency
categories ranging from “never/seldom” to “four or more times per day”. The second
questionnaire (FFQ-97) added fortified wine to the list. The average daily alcohol
intake that was estimated from FFQ-97 was based on consumption frequencies of
above 6 types of alcoholic beverages and self-reported average sizes for those specific
drinks (in centiliters; open questions). There was a high correlation between alcohol
intake estimated by the FFQ-87 and alcohol intake calculated from four 1-week diet
records obtained 3í4 months apart among 129 women in a subgroup from the Swedish
Mammography Cohort (Spearman rank correlation coefficient, r = .9).
Paper II: BMI
The information on weight and height was collected through self-reports in a foodfrequency questionnaire (FFQ) in 1987 (baseline) and in 1997. Relative body weight
measured as body mass index (BMI) was calculated as weight in kilograms divided by
the square of height in meters (kg/m2). The validity of BMI based on self-reported
weight and height in the Swedish population is high (Pearson correlation coefficient, r
= .85) (Kuskowska-Wolk, Karlsson et al. 1989).
Paper III: Dietary Fiber
Like alcohol intake, the validity of dietary fiber intake estimates based on the selfreported food-consumption frequencies was also evaluated in 129 women from the
cohort who weighed and recorded what they consumed during four 1-week periods at
3í4 month intervals. The validity of energy-adjusted dietary fiber intake between the
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food questionnaire and food records was reasonable (Pearson correlation coefficient, r
= .54).
Paper IV: Dietary Lignans
Plant lignans are predominantly found in cereal products, berries, and vegetables
(Adlercreutz 1998a). Estimated lignan intake based on these questionnaires was
calculated using published values of various contents in foods (Mazur, Fotsis et al.
1996; Adlercreutz and Mazur 1997; Adlercreutz 1998d; Mazur 1998; Mazur, Wahala et
al. 1998; Mazur, Uehara et al. 2000; Valsta, Kilkkinen et al. 2003) for
secoisolariciresinol (Seco), matairesinol (Mata), lariciresinol (Lari), pinoresinol (Pino)
medioresinol (Med) and syringaresinol (Syr).
Each estimated specific lignans was adjusted for total caloric intake by using the
residual method (Willett 1998). Plant lignans are metabolized by the intestinal
microflora to produce mammalian lignans (a metabolite of plant lignans), such as
enterodiol and enterolactone (Enl). Therefore, we applied the assumed conversion
factors to calculate FFQ-estimated lignans intake in order to take into account an
intestinal metabolism, applied in a previous study in Sweden (Hedelin, Klint et al.
2006). Total lignan intake was expressed as the sum of Seco, Mata, Lari, Pino in foods.
In Paper IV, Med and Syr were not included due to their limited source of data.
The level of serum Enl was evaluated by time-resolved fluoroimmunoassay
(Adlercreutz, Wang et al. 1998). We compared the FFQ-based estimated total lignan
intake with log-transformed serum Enl levels in a random sample of 137 women from
the cohort. FFQ97-based estimated lignan intake and levels of serum Enl concentration
was statistically significantly positively correlated (Spearman rank correlation
coefficient was r = 0.17; p = 0.04). Moderate positive correlations between a FFQbased estimated intake of lignans and serum Enl concentration were also reported in
other Nordic populations, in Finland (r = 0.19; p <.0001) (Kilkkinen, Valsta et al. 2003)
and Sweden (r = 0.13; p = 0.09) (Hedelin et al. 2006).
4.3

CASE ASCERTAINMENT AND FOLLOW-UP OF THE COHORT

Histologically confirmed incident cases of invasive breast cancer were identified by
linkage of the cohort with the National Cancer Register (through Dec 2002) and the
Regional Cancer Register (from January 2003 – June 2004). Dates of death during
follow-up were ascertained through linkage with the Swedish Causes of Death Register,
and dates of migration from the study area were obtained through linkage with the
Swedish Total Population Register.
Information about ER and PR status (positive/negative) of breast cancers was
obtained by reviewing pathology laboratory work logs stored at the Uppsala University
Hospital (from 1987-1994) and by linkage with the clinical database (the Quality
Register) at the Regional Oncology Centre in Uppsala (from September 2nd, 1992 to
June 30th, 2004), which was based on the patient's original medical records.
ER and PR status was evaluated by using an Abbott immunoassay (Pousette,
Gustafsson et al. 1986) until 1996, and an immunohistochemical method from 1997.
Cases coded as borderline ( 0.1 fmol/µg cytosol DNA) were considered hormone
receptor-positive when using the Abbott immunoassay. By the immunohistochemical
method cases were considered as receptor positive when the percentage of positive cells
were > 10%, and receptor negative when the percentage of positive cells were < 10%
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Two laboratories, the Departments of Pathology and Cytology at Uppsala
University Hospital and Västerås Central Hospital, were involved in this evaluation.
We only counted the first invasive breast cancer cases with known receptor status.
Patients with synchronous cancers with different receptor status (n = 4) or patients with
missing ER and/or PR status were classified into the ER and/or PR unknown group and
were excluded from the analysis. The study was approved by the Regional Ethics
Committee at the Uppsala University Hospital and by the Regional Ethics Committee
at Karolinska Institutet.
4.4

STATISTICAL ANALYSIS

Subjects were entered into the study on:
1) the administration date of the FFQ-87 in Uppsala County and that of the FFQ97 in Västmanland County if they were postmenopausal:
2) the date of becoming postmenopausal during follow-up as recorded in 1997 for
those who were pre/perimenopausal at baseline:
3) the date of bilateral oophorectomy during follow-up, or women’s 55th birthday
for those with missing dates of menopause.
Follow-up was censored at the date of death, at the date of migration out of the study
area, at the date of diagnosis for any other type of cancer including other subtypes of
breast tumors, or at the end of the follow-up (June 30th, 2004), whichever occurred first.
We used time-dependent multivariate Cox proportional hazards regression
model to estimate hazard rate ratios (RRs) and 95% confidence intervals (CIs) with age
as the time-scale (Korn, Graubard et al. 1997) as a measure of relative risks. The data
conformed to proportional hazards assumptions as verified by a graphical method using
Kaplan-Meier curves (Collett 1999). We updated the information of dietary exposure
and that of covariates, such as family history of breast cancer, use of PMH, using both
the baseline FFQ-87 and the FFQ-97, to take into account for changes in exposure
levels during the follow-up period and reduce misclassification of exposure.
Information of exposure such as dietary intake, anthropometric factors, use of PMH
(ever/never), family history of breast cancer, etc. were included in the model as timedependent variables, when the information in the FFQ-97 was available. When the
information at 1997 was not available, the baseline information was carried forward.
Tests for linear trend were conducted by using the median value for each categories of
exposure as a continuous variable in the model.
In this thesis, additional analyses were performed for Paper II, because a positive
association between body weight and the risk of overall breast cancer with linear trend
is not observed among lean subjects. Restricted cubic spline Cox proportional hazards
regression (with four knots) was used to examine non-parametrically the relation
between levels of body mass index (as continuous variables) and a rate ratio of ER/PR
defined breast cancer, with controlling for other covariates, in order to avoid the need
for prior specification of the risk function or the location of threshold exposure value
(Harrell, Lee et al. 1988) (Durrleman and Simon 1989; Greenland, Michels et al. 1999).
In these analyses, we used the information at base-line and the median of normal BMI
range group (BMI=22.4) as reference value.
Further analyses were conducted with stratification by use of PMH (ever/never),
family history of breast cancer (yes/no), levels of BMI ((<25 or 25) and/or (<30 or
30)), and levels of alcohol intake (< median,  median among drinker). To assess
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possible statistical interactions between exposure and these factors in relation to the risk
of breast cancer, the cross-product terms of exposure and these factors were introduced
into the Cox proportional hazards regression model. The p-value was calculated by log
likelihood ratio tests comparing models with and without cross-product terms.
Test for heterogeneity to evaluate whether the observed risk estimates for
ER+PR+ tumors were different from those for other subtypes were performed by the
Wald statistics (Liao 2004). We tested heterogeneity of the observed association
between ER+PR+ tumors and other tumor subtypes by comparing (the number of
exposure categories minus 1) pairs of regression coefficients corresponding to (the
number of exposure categories minus 1) levels derived from separate Cox regression
models. A combined Wald statistics for this purpose has asymptotic chi-squared
distribution with (the number of exposure categories minus 1) degrees of freedom.
All analyses were performed by using PROC PHREG of the SAS statistical package
release 9.1 (SAS Institute, Cary, NC). All statistical tests were two-sided, and statistical
significance was defined as P<.05.

27

5 RESULTS
In Paper I, we followed up 51,847 postmenopausal women in the Swedish
Mammography Cohort from March 1987 through June 30, 2004 (average of 8.3 years
and total of 430 583 person-years of follow-up).
In Papers II, III and IV, we followed up 51,823 postmenopausal women in the Swedish
Mammography Cohort from March 1987 through June 30, 2004 (average of 8.3 year
and total of 430,332 person-years of follow-up).
During the follow-up period, 1,284 invasive breast cancer cases were diagnosed.
Information about joint ER/PR status was available for 1,188 case patients (92.5 % of
total cases). Among them, 716 cases (60.3 %) were ER+PR+, 279 (23.5 %) were
ER+PRí, 50 (4.2 %) were ERíPR+, and 143 (12.0 %) were ERíPRí. Either ER or PR
status or both were missing for 96 tumors. The number of cases with ERíPR+ tumor
status was too small (n=50) to perform separate analyses for this group.
The mean age of the breast cancer patients at time of diagnosis was 64.6 years (SD 8.3)
for all invasive breast cancer, 64.8 years (SD 8.3) for ER+PR+ tumors, 64.1 years (SD
8.2) for ER+PRí tumors and 64.1 years (SD 8.4) for ERíPRí tumors (Table 2 Paper
II)
5.1

PAPER I: ALCOHOL INTAKE

At baseline, compared to non-drinkers, women who consumed alcohol (10 g / day)
were more likely to be lean, to use OC and PMH, to have higher education and less
likely to have given birth to three or more children (Table 1 Paper I).
Detailed results
We evaluated the association between alcohol intake and ER/PR defined breast cancer
risk in a large prospective cohort in Sweden. Alcohol intake was statistically
significantly associated with elevated risk for both ER+PR+ and ER+PR– tumors; the
multivariable adjusted risk ratios comparing the highest alcohol intake group ( 10 g
/day) with non-drinkers were 1.35 (95% CI = 1.02 to 1.80, Ptrend <.049) and 2.36 (95%
CI = 1.56 to 3.56, Ptrend <.001), respectively (Table 2 Paper I ).
In contrast, no statistically significant associations were observed for ER–PR+ or for
ER–PR– tumors (RR = 0.62, 95% CI = 0.13 to 2.90 and RR = 0.80, 95% CI = 0.38 to
1.67, respectively).
No statistically significant difference was observed in the risk estimates between the
ER+PR+ and ER+PR– tumors (Pheterogeneity = .10) or between ER–PR+ and ER–PR–
tumors (Pheterogeneity = .94), which allowed us to perform analysis with all ER+ subtypes
and all ER– subtypes combined to increase statistical power.
For all ER+ tumors, the multivariable adjusted risk ratio among women in the high
alcohol intake group (10.0 g/day) was higher than that among non-drinkers (RR =
1.65, 95% CI = 1.31 to 2.07; Ptrend <.001). The corresponding risk estimate for all ERí
tumors in the high alcohol intake group was 0.77 (95% CI = 0.40 to 1.49; Ptrend = .36).
Heterogeneity between observed risk estimates for all ER+ and for all ER– tumors was
observed in the high alcohol intake group ( 10 g/day) (Pheterogeneity = .034).
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Sensitivity analysis 1: changed assumed age at menopause
Because age 55 years was used as a cut point of menopausal status for 26 % of the
women in the study cohort, we performed sensitivity analyses and changed the assumed
postmenopausal age from 55 years to either 53 or 57 years. When we used 53 or 57
years of age as the cut point for postmenopausal status, the multivariable adjusted risk
for all ER+ tumors was higher among women in the high alcohol intake group (10.0
g/ day) than among non-drinkers (for 53 years, RR = 1.65, 95% CI = 1.31 to 2.07; Ptrend
<.001, and for 57 years, RR = 1.66, 95% CI = 1.31 to 2.10 ; Ptrend <.001); in contrast,
the corresponding relative risks for all ER– tumors were not statistically significant.
Sensitivity analysis 2: with > 70 y age group in the Uppsala County sub-cohort
An additional sensitivity analysis based on the data from the Uppsala county sub-cohort
(including women over 70 years of age at baseline), in which the routine evaluation of
ER/PR status was introduced before start of the cohort, gave similar results (Table 2
Paper I).
Sensitivity analysis 3: excluding women with missing values
Based on the data excluding all women with missing values on age at menopause, use
of OC, use of PMH, or including women with synchronous cancers with different
receptor status in different ER- and PR-defined subgroups gave similar risk estimates to
those presented in Table 3 in Paper I (data not shown).
We then evaluated whether risk factors influencing estrogen exposure in
postmenopausal women (use of PMH and BMI >25 kg/m2) and family history of breast
cancer modified the observed association between alcohol intake and breast cancer risk.
Among non-drinkers, we found no evidence of an overall positive association between
ever PMH-use and invasive breast cancer risk. The multivariable adjusted risk ratios for
non-drinkers who were ever PMH-users compared with those non-drinkers who never
used PMH were not statistically significantly different for any of the three tumor
subtypes (Table 3 Paper I). The number of case patients with ERíPR+ tumors was too
small (n = 33) to analyze separately, therefore we performed the analysis with all ERí
tumors. Among women who consumed alcohol, ever PMH-use was positively
associated with increased risk for the development of ER+PR+ tumors and of ER+PR–
tumors, but not for that of ER– tumors. The risk of developing ER+PR+ breast cancer
among women with alcohol intake 10.0 g/ day and ever PMH-users was
approximately 80% higher than that among non-drinkers who never used PMH; the risk
of developing ER+PR– tumors was over 3.5-fold higher (Figure 9). The corresponding
risk estimates for women in the high alcohol intake group (10.0 g/ day) and ever
PMH-use were heterogeneous between ER+PR+ and all ER–tumors (P heterogeneity
= .005) and between ER+PR– and all ER–tumors (P heterogeneity <.001).
The interaction between alcohol intake and PMH use for ER+PR+ tumors was
statistically significant (Pinteraction = .039). The sensitivity analysis based on the Uppsala
county sub cohort, the corresponding interaction was also statistically significant (P
interaction=.038) (Table 3 Paper I). Overall, the results for the interaction of alcohol
intake with high BMI (Table 6) and with history of breast cancer in first-degree
relatives (data not shown) were not statistically significant. Further sub-group analyses
among women without family history of breast cancer showed no statistical interaction
of alcohol intake with overweight (Table 7).
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Table 1 Paper I Age-standardized prevalence of risk factors for breast cancer according to alcohol
intake among 51,847 postmenopausal women in the Swedish Mammography Cohort*
Categories of alcohol consumption, g of ethanol /day
Non< 3.4†
3.4−9.9
 10
Characteristics
drinkers
n=19,151 n=14,762 n=4,077
P‡
n=13,857
(36.9 %)
(28.5 %)
(7.9 %)
(26.7 %)
Age at entry, y median (SD§)
62 (8.3)
58 (7.9)
55 (6.7)
55 (6.6)
Body mass index, kg/m2
Lean and normal (<25)
45.7
52.1
60.7
59.4
37.7
36.2
31.8
32.2
Overweight (25−29.9)
Obese ( 30)
16.6
11.7
7.5
8.4
<.0001
Family history of breast cancerŒ,%
8.3
8.5
8.8
9.0
 12 years of education ,%
6.3
8.5
10.7
14.6
Ever taken postmenopausal hormones¶ ,%
36.5
43.7
48.9
49.8
Ever taken oral contraceptives ¶ ,%
42.9
45.4
50.0
50.2
Age at menarche¶, y %
12
24.5
24.0
23.9
20.3
13
34.8
37.3
39.5
39.6
14
40.7
38.7
36.6
40.1
Parity, %
No. of children
0
11.8
10.6
11.1
12.2
1–2
49.9
55.8
57.4
55.8
3
38.3
33.6
31.5
32.0
Age at first birth
Nulliparous
11.8
10.6
11.1
12.2
25 y
59.6
58.3
54.3
53.7
19.9
22.4
25.5
25.9
26−30 y
31 y
8.7
8.7
9.1
8.2
* Age-standardized to the distribution of person-time of follow-up among non-drinkers.
† 3.4 g/day ethanol is the median alcohol intake among drinkers.
‡ P values (two-sided) were from the chi-squared tests.
§ SD = standard deviation.
ŒA family history of breast cancer in mother, sister, or daughter.
¶ Among those with complete information.
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0.34
<.0001
<.0001
<.0001

<.0001

<.0001

<.0001

Figure 9. Multivariate rate ratios of ER/PR defined invasive breast cancer by alcohol
intake and PMH use among 51,847 postmenopausal women in the Swedish
Mammography Cohort.(* statistically significant) the same model in Table 3 Paper I.
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Table 6. Multivariable-adjusted rate ratios (RRs) and 95% confidence intervals (CIs) of
ER/PR defined postmenopausal breast cancer according to the effects of alcohol intake
and the status of obesity among 51,847 postmenopausal women in the Swedish
Mammography Cohort*
The level of BMI
No.
No.
P
of
BMI <25
of
BMI 25
interaction†
cases
cases
All invasive tumors 1,284
Non-drinkers
117 1.00(referent)
197 1.40(1.11í1.76)
<3.4 ‡
241 1.24(0.99í1.54) 235 1.36(1.09í1.70)
3.4 í 9.9
209 1.25(0.99í1.57) 134 1.37(1.06í1.76)
10
97
1.69(1.28í2.23)
54 1.68(1.21í2.33)
0.26
ER(+)PR(+) tumors 716
Non-drinkers
63
1.00(referent)
121 1.60(1.18í2.17)
<3.4
119
1.15(0.85í1.57) 150 1.63(1.21í2.19)
3.4 í 9.9
113
1.29(0.94í1.77)
73 1.43(1.01í2.01)
10
48
1.64(1.12í2.42)
29 1.76(1.12-2.76)
0.25
ER(+)PR(í) tumors 279
Non-drinkers
24
1.00(referent)
30 1.03(0.60í1.77)
<3.4 ‡
56
1.32(0.82í2.14)
34 0.92(0.54í1.55)
3.4 í 9.9
55
1.49(0.91í2.44)
26 1.18(0.67í2.07)
10
35
2.55(1.48í4.40)
19 2.44(1.31í4.54)
0.65
ER(í)PR(í) tumors 143
Non-drinkers
19
1.00(referent)
16 0.73(0.38í1.43)
<3.4 ‡
34
1.10(0.63í1.94)
22 0.83(0.45í1.53)
3.4 í 9.9
25
0.90(0.49í1.67)
17 1.07(0.55í2.09)
10
6
0.65(0.25í1.66)
4
0.80(0.27í2.39)
0.62
*Multivariable Cox proportional hazards models with age as the time-scale were
adjusted for height (continuous), education (<12 years of education, 12 years of
education), parity (nulliparous, 1–2, 3), age at first birth (nulliparous, <26, 26–30, 31
years ), age at menarche ( 12, 13, 14 years, missing), age at menopause (<51, 51
years), type of menopause (natural, surgery), use of oral contraceptives (ever, never,
missing), use of postmenopausal hormones (ever, never, missing), history of benign
breast disease (yes/no), total energy intake, energy-adjusted dietary fiber and energyadjusted total fat intake.
BMI= body mass index; ER = estrogen receptor; PR = progesterone receptor.
†P values (two-sided) for interaction were calculated based on -2 log likelihood test.
‡3.4 g/day ethanol were approximately the medians among drinkers in the study
cohort.
The level of
alcohol intake
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8
2.78(0.34 to 22.84)
3
1.46(0.15 to 14.35)
< cut points
46 0.90(0.51 to 1.56)
33
0.87(0.48 to1.55)
2
3.25(0.28 to 38.36)
2
5.76(0.48 to 68.93)
0.1
 cut points
9
0.75(0.33 to 1.71)
5
0.78(0.29 to2.16)
0.37
Cox proportional hazards models with age as the time-scale were adjusted for body mass index (<18.5, 18.5–24.9, 25–29.9,or  30 kg/m2), heig
ducation (<12 years of education or 12 years of education), parity (nulliparous, 1–2, or 3), age at first birth (nulliparous, <26 years, 26–30 years,
e at menarche ( 12 years, 13 years, 14 years, or missing), age at menopause (<51 years or 51 years), type of menopause (natural or surgery), use
ives (ever, never, or missing), use of postmenopausal hormones (ever, never, or missing), first-degree of family history of breast cancer (yes or n
gn breast disease (yes or no), quartiles of total energy intake, energy-adjusted dietary fiber and total fat intake. ER = estrogen receptor; PR
ceptor.
-sided) for interaction were calculated based on -2 log likelihood test.
s for ethanol were the highest at 85 % among drinkers with family history and those without family history of breast cancer;
mily history 8.4 ethanol g/day
t family history 8.6 ethanol g/day
Non-drinkers
101 1.00(referent)

< cut points Œ
 cut points
Non-drinkers
348 1.18(0.94 to 1.47)
120 1.71(1.30 to 2.25)
52
1.00(referent)

< cut pointsŒ
 cut points
Non-drinkers

< cut points
177
59
22
87
1.19(0.87 to 1.63)
1.73(1.18 to 2.54)
1.00(referent)
1.26(0.79 to 2.03)

169

Alcohol intake
The level of BMI < 25

186
31
26
51

1.63(1.19 to 2.22)
1.67(1.06 to 2.64)
0.98(0.55 to 1.73)
0.98(0.59 to 1.62)

 cut points
Non-drinkers

42
18

2.36(1.38 to 4.05)
1.00(referent)

22
11

2.29(1.24 to 4.21)
0.53(0.25 to1.13)

No. RR(95% CI)

22
11

2.36(1.38 to 4.05)
1.00(referent)

42
18

 cut points
Non-drinkers

P†
169

1.38(1.08 to 1.77)

309 1.37(1.09 to1.72)
62 1.64(1.18 to2.26)
104 1.64(1.17 to 2.29)

1.63(1.19 to 2.22)
1.67(1.06 to 2.64)
0.98(0.55 to 1.73)
0.98(0.59 to 1.62)
0.18

0.16

33
0.69

P†

0.69
1

2
14
3

11
33
11

1.00(referent)

1.00(referent)
2.42(0.54 to 10.88)
2.46(0.39 to 15.72)

1.00(referent)
1.14(0.57 to 2.28)
1.93(0.81 to 4.61)

5

4
3
3

17
29
6

4.21(0.48 to 36.83)

1.78(0.32 to 9.82)
0.66(0.11 to 4.00)
3.09(0.49 to 19.47)

1.46(0.68 to 3.15)
1.38(0.68 to 2.80)
1.58(0.57 to 4.39)

1.61(0.87 to 2.99)
1.31(0.73 to 2.34)
1.94(0.88 to 4.27)

28
41
11

16
63
16

1.00(referent)
1.48(0.85to 2.58)
1.87(0.91 to 3.84)

The level of BMI  25
No.
RR(95% CI)

The level of BMI < 25
No.
RR(95% CI)

0.12

0.66

0.27

P†

< cut points

The level of BMI < 25
No.
RR(95% CI)

33

8
2.78(0.34 to 22.84)
3
1.46(0.15 to 14.35)
46 0.90(0.51 to 1.56)
33
0.87(0.48 to1.55)
2
3.25(0.28 to 38.36)
2
5.76(0.48 to 68.93)
0.18
 cut points
9
0.75(0.33 to 1.71)
5
0.78(0.29 to2.16)
0.37
*Multivariable Cox proportional hazards models with age as the time-scale were adjusted for body mass index (<18.5, 18.5–24.9, 25–29.9,or  30 kg/m2), height
(continuous), education (<12 years of education or 12 years of education), parity (nulliparous, 1–2, or 3), age at first birth (nulliparous, <26 years, 26–30 years, or
31 years ), age at menarche ( 12 years, 13 years, 14 years, or missing), age at menopause (<51 years or 51 years), type of menopause (natural or surgery), use of
oral contraceptives (ever, never, or missing), use of postmenopausal hormones (ever, never, or missing), first-degree of family history of breast cancer (yes or no),
history of benign breast disease (yes or no), quartiles of total energy intake, energy-adjusted dietary fiber and total fat intake. ER = estrogen receptor; PR =
progesterone receptor.
†P values (two-sided) for interaction were calculated based on -2 log likelihood test.
Œ cut-off points for ethanol were the highest at 85 % among drinkers with family history and those without family history of breast cancer;
Women with family history 8.4 ethanol g/day
Women without family history 8.6 ethanol g/day

2.29(1.24 to 4.21)
0.53(0.25 to1.13)

0.16

0.18

RR(95% CI)

< cut points

< cut pointsŒ
 cut points
Non-drinkers

1.38(1.08 to 1.77)

RR(95% CI)
No.

309 1.37(1.09 to1.72)
62 1.64(1.18 to2.26)
104 1.64(1.17 to 2.29)

186
31
26
51

177
59
22
87

< cut points Œ
 cut points
Non-drinkers

No.

The level of BMI  25

1.19(0.87 to 1.63)
1.73(1.18 to 2.54)
1.00(referent)
1.26(0.79 to 2.03)

101 1.00(referent)

348 1.18(0.94 to 1.47)
120 1.71(1.30 to 2.25)
52
1.00(referent)

Non-drinkers

No. RR(95% CI)

The level of BMI < 25
The level of BMI  25

ER–PR–
122 cases

ER+PR–
250 cases

ER+PR+
609 cases

All invasive
1,109 cases

Alcohol intake

Table 7. Multivariable relative risks(RRs)* and 95% confidence intervals(CIs) of ER/PR-defined breast cancer according to alcohol consumption and BMI
(overweight) by family history of breast cancer among 51,847 postmenopausal women in the Swedish Mammography Cohort
Among 47,275 women without family history
Among 4,572 women with family history

ivariable relative risks(RRs)* and 95% confidence intervals(CIs) of ER/PR-defined breast cancer according to alcohol consumption and BM
y family history of breast cancer among 51,847 postmenopausal women in the Swedish Mammography Cohort
Among 47,275 women without family history
Among 4,572 women with family history
The level of BMI  25
No.
RR(95% CI)

P†

16
63
16

1.00(referent)
1.48(0.85to 2.58)
1.87(0.91 to 3.84)

28
41
11

1.61(0.87 to 2.99)
1.31(0.73 to 2.34)
1.94(0.88 to 4.27)
0.2

11
33
11

1.00(referent)
1.14(0.57 to 2.28)
1.93(0.81 to 4.61)

17
29
6

1.46(0.68 to 3.15)
1.38(0.68 to 2.80)
1.58(0.57 to 4.39)
0.6

2
14
3

1.00(referent)
2.42(0.54 to 10.88)
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5.2

PAPER II: BODY WEIGHT

Body weight of patients and ER/PR status of the tumors:
Among breast cancer patients, those with ER+PR+ tumors tended to be older than those
with other tumor subtypes and patients with PR+ tumors tended to have higher BMI on
average than those with PRí tumors (p < .0001) (Table II Paper II). The proportions
of breast cancer patients with PR+ tumors and PR– tumors among obese patients (BMI
30 kg/m2) were 75.0 % and 16.7 %, respectively, while the proportions were 52.2 %
and 43.5 % among underweight patients (BMI <18.5 kg/m2). There was no significant
difference between ER+ tumors and ER– tumors (data not shown).
The association between Body weight and the risk of invasive breast cancer
We observed a J shape relationship between relative body weight and the development
of all invasive breast tumors (Table III Paper II).

P trend=0.0006

Figure 10. Multivariate rate ratios of all invasive breast tumors by levels of BMI
among the Swedish mammography Cohort (March 1987 June 2004)
Data was fitted by a restricted cubic spline Cox proportional hazard model, adjusted for
age, BMI, height, family history of breast cancer, age at menarche, parity, age at first
birth, education, use of OC, age at menopause, PMH, the reason of menopause, total
energy intake, energy-adjusted dietary fiber, energy-adjusted total fat intake, and
alcohol intake. Analyses were performed based on baseline information only.
(Figures 11,12, and 13 were also adjusted by the same factors.)
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After defining ER and PR tumors status, we observed two contrasting associations.
A high relative body weight was positively associated with increased risk for the
development of ER+PR+ tumors with highly statistically significant linear trends
(Table III. Paper II) (Figure 11). In contrast, body weight was inversely associated
with the development of ER+PRí tumors (Figure 12) and ERíPRí tumors.
Statistically significant heterogeneity was observed in the relative risks between
ER+PR+ and ER+PRí tumors (p heterogeneity =.0004) (Table III Paper II).
Figure 11. ER+PR+ tumors

Ptrend <0.0001

Figure 12. ER+PRí tumors

Ptrend =0.0094
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Ptrend =0.002

Figure 13. All PRí tumors
No significant difference in the risk estimates between ER+PRí and ERíPRí (p
heterogeneity = 0.32) subtypes was observed, which allowed us to perform analysis for all
PRí subtypes to increase the statistical power. Compared with women with normal
weight (18.5  BMI <25), the multivariate adjusted rate ratios for obese women (BMI
30) were significantly increased for ER+PR+ tumors (RR=1.67, 95%CI= 1.34 to 2.07:
p trend <.0001) (Table III Paper II) and were significantly decreased for all PRí tumors
(RR=0.68, 95%CI= 0.47 to 0.98: p trend =.021)(Figure 13).
Statistically significant heterogeneity was observed in the relative risks between
ER+PR+ and all PRí tumors (p heterogeneity < .0001).
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Figure.14 Multivariable RRs and 95% CIs for the association between BMI and
breast cancer risk stratified by use of PMH never users vs. PMH ever-users
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After stratification by PMH use, a more pronounced association between relative body
weight and the development of ER+PR+ tumors was observed among PMH neverusers than among PMH ever-users (Table IV Paper II) (Figure 14). Among PMH
never-users, approximately a 2-fold increased risk for the development of ER+PR+
tumors was observed among obese women compared to women with normal or/and
underweight. Among PMH ever-users, corresponding risk estimate was lower and
statistically non-significant (Figure 14). For other tumor subtypes, we did not observe
any statistically significant associations.
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Figure.15 Multivariable RRs and 95% CIs for the association between BMI and
breast cancer risk stratified by family history of breast cancer
ER+PR+ tumors
ER+ PR+ tumors
Without fam ily history
of breast cancer
2,2

ER+ PR+ tumors
With fam ily history
of breast cancer
2,2

P trend = <0.0001

2,0

2,0

1,8

1,4

1.00
ref.

1,2
1,0

1,6

RR

RR

1,6

P trend = 0.88

1,8

1.82
1.24

1,4

1,0

0,8

0,8

0,6

0,6

0,4

1.23

1.00
ref.

1,2

0.87

0,4

< 25

< 30
BM I, kg/m

=>30

< 25

< 30

2

=>30

BM I, kg/m

2

ERíPRí tumors
ER- PR- tumors
Without fam ily history
of breast cancer

ER- PR- tumors
With fam ily history
of breast cancer
6,0

1,4
1,2

5,0

0.97

P trend = 0.42

4,0

0,8

RR

RR

1,0

1.00
ref.

3,0

0,6
0,4
0,2

2,0

P trend = 0.04

0.33

1,0

1.00
ref.

0.94

1.87

0,0

0,0

< 25

< 30
BM I, kg/m

< 25

=>30
2

< 30
BM I, kg/m

=>30
2

Regarding ER+PR+ tumors, the observed associations between a relative body weight
and postmenopausal breast cancer risk were weakly modified by a family history of
breast cancer. In contrast to women without a family history of breast cancer, we did
not observe any positive association between body weight and the development of
ER+PR+ tumors among women with a family history (p interaction =0.06). There was a
statistically significant inverse association between body weight and the risk for
ERíPRí tumors among women without a family history; in contrast, a non-significant
increased risk was observed among obese women with a family history (p interaction
=0.06) (Table V Paper II) (Figure 15).
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5.3

PAPER III: DIETARY FIBER INTAKE

Overall results
In the whole cohort, an inverse statistically nonsignificant association was observed
between total dietary fiber intake and the risk of all invasive breast cancer.
Detailed results
In the whole cohort, we observed an inverse statistically nonsignificant association
between total fiber intake and the risk of all postmenopausal invasive breast cancer
(Table 2 Paper III). The multivariable adjusted relative risks (RR) for women in the
highest quintile of total fiber intake compared with those in the lowest quintile was 0.85
(95% CI=0.69 to 1.05, p trend = 0.09) for total fiber intake. No statistically significant
heterogeneity was observed in the risk estimates between the ER+PR+ and other tumor
subtypes.
There was a statistically significant interaction between family history of breast cancer
and intake of total fiber in relation to all breast cancer risk (p interaction =0.028; Table 3
Paper III) (Figure 16). The inverse association was confined to women without family
history of breast cancer; the multivariable-adjusted RR for the highest vs the lowest
quartile was 0.83 (95% CI=0.68 to 1.01, p trend=0.053). The observed rate ratios did not
differ across tumor subtypes (all p heterogeneity 0.24). In contrast, among women with a
family history, a non-significant increase of risk was observed; the multivariableadjusted RR for the highest vs the lowest quartile of total fiber intake for all breast
cancer was 1.31 (95% CI=0.75 to 2.27, p trend=0.52).
Figure 16: Multivariable RRs and 95% CIs for the association between total fiber
intake and all breast cancer risk stratified by family history of breast cancer
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We also observed a statistically significant interaction between intake of total fiber and
alcohol intake in relation to all breast cancer risk (p interaction =0.045; Table 3 Paper III)
(Figure 17). The observed inverse association with all breast cancer was confined to
women with high alcohol intake ( 5.6 g/day); the multivariable-adjusted RR for
women in the highest vs the lowest quartile was 0.76 (95% CI = 0.51 to 1.14; p trend =
0.045), while there was no significant association among women with low alcohol
intake (< 5.6g/day); the corresponding RR was 0.86 (95% CI=0.69 to 1.06, p trend=
0.23). Statistically significant interactions between total fiber intake and alcohol intake
were observed for all ER+ tumors and for ER+PR– tumors (p interaction= 0.023 and 0.016,
respectively), but not for other tumor subtypes. The observed rate ratios for total fiber
did not differ across tumor subtypes (all p heterogeneity .50).
Figure 17: Multivariable RRs and 95% CIs for the association between total fiber
intake and all invasive breast cancer risk stratified by level of alcohol intake
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Figure 18: Multivariable RRs and 95% CIs for the association between total fiber
intake and all invasive breast cancer risk stratified by use of PMH
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=>25.7

In analyses stratified by PMH use, a statistically significant lower risk of breast cancer
was observed in PMH users only (p interaction =0.07; Table 3 Paper III)(Figure 18). The
multivariable-adjusted RR for the highest vs the lowest quartile of total fiber for all
invasive tumors was 0.50 (95% CI=0.36 to 0.71, p trend <.0001) among PMH ever-users,
while among PMH never-users, the corresponding RR was 0.99 (95% CI=0.74 to 1.32,
p trend= 0.87). There was no statistically significant heterogeneity in the risk estimates
for total fiber between ER+PR+ and other tumor subtypes.
With stratification by levels of BMI (<25 or 25 kg/m2), we did not observe any
statistically significant interaction between total fiber intake and the risk of overall or
any type of breast tumor (all p interaction .20).
In analyses of specific types of dietary fiber, we observed a non-significant
inverse association of cereal fiber and a statistically significant inverse association of
fruit fiber with the risk of all breast cancer. The multivariable-adjusted RRs for the
highest vs the lowest quintile for all tumors were 0.91 (95% CI=0.75 to 1.11, p
trend=0.098) for cereal fiber and 0.66 (95% CI=0.47 to 0.93, p trend=0.007) for fruit fiber
(Table 4 Paper III)(Figure 19). We did not observe any inverse association of
vegetable fiber intake with the risk of breast cancer.
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Figure 19. Multivariable RRs and 95% CIs for the association between intake of
specific fibers (cereal, fruit and vegetable) and all invasive breast cancer risk.
Cereal fiber
RR

Ce re al fiber
All inv asiv e tumors

1,3
1,2
1,1

1.0 ref

1.01

0.99

1
0,9

0.91

0,8

0.78

0,7

Ptrend=0.098
Ptrend=0.098

0,6
0,5
0,4

<12.0

12.0-14.1

14.2-16.3

16.4-19.0

>19.0

(g/day )

Fruit fiber
RR

Fruit fiber

1,3

All inv asiv e tumors

1,2
1,1

1.0 ref

0.96

1

0.92

0,9

0.83

0,8
0,7

0.66

Ptrend=0.007

0,6
0,5
0,4

<1.7

1.7-2.6

2.7-3.6

3.7-5.1

>5.1

(g/day )

Vegetable fiber
RR

Vegetable fiber
All invasive tumors

1,4
1,3
1,2
1,1

1.05

1.07

1.0 ref

0.98

1
0,9

0.92

0,8

Ptrend=0.31

0,7
0,6
0,5
0,4

<0.93

0.94-1.41

42

1.42-1.92

1.93-2.66

>2.66

(g/day)

There were no statistically significant interactions of cereal, fruit or vegetable fiber
intakes with family history of breast cancer, with alcohol intake, and levels of BMI
(<25 or 25 kg/m2), for the risk of all breast tumor (all p interaction >.34).
With stratification by PMH use, the statistically significant inverse association with all
breast cancer among PMH users was confined to cereal fiber only (p interaction =0.002;
Table 5 Paper III). (Figure 20-a) Although the inverse dose-response association was
strongly statistically significant for ER+PR+ tumors only (p trend =0.0001), there was no
statistically significant heterogeneity in the risk estimate in comparison to other tumor
subtypes.
We also performed additional analyses with adjustment for lignan intake. Cereal
fiber was correlated with lignan intake (r=0.7) in our data, because whole grain cereal
products contain high amounts of lignans (Juntunen, Mazur et al. 2000). Lignin, a
component of cereal fiber, is converted to lignans in the gut (Begum, Nicolle et al.
2004). After adjustment for lignan intake, the association of cereal fiber intake with all
invasive breast cancer among PMH ever-users was attenuated from RR=0.44(95%
CI:0.31–0.63; p trend <0.0001;Table 5 Paper III) to 0.58(0.37–0.89, p trend =0.0077;
Table 10) comparing the highest vs the lowest quintile. Corresponding risk estimate for
ER+PR+ tumors changed from 0.41(95% CI 0.25–0.67; p trend = 0.0001; Table 5 Paper
III) to 0.46(0.25–0.84; p trend = 0.007;Table 10).
In contrast to cereal fiber, we observed a statistically significant inverse
association of vegetable fiber with all breast tumors only among never-users of PMH (p
interaction =.006). Among PMH never-users, we observed statistically significant inverse
associations of fruit fiber (p trend =.010) and vegetable fiber (p trend =.023) with ER+PR+
tumors (Table 5 Paper III) (Figures 20-b and 20-c), but there was no statistically
significant heterogeneity comparing with other tumor subtypes. Correlations of fruit
and vegetable fibers with lignan intake were low (0.2 and 0.4, respectively; even
though some lignans are present in fruits and vegetables). Additional adjustment for
lignans did not significantly change risk estimate for fruit fiber and vegetable fiber
(Tables 9 and 10).
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Figure 20. Multivariable RRs and 95% CIs for the association between intake of
specific fiber and the risk of ER+PR+ tumors.stratified by use of PMH
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Table 8 (Table 2 Paper III with additional adjustment for dietary lignan intake). Relative risks (RRs) and 95% confidence intervals for the
association between total fiber and postmenopausal breast cancer risk by receptor-defined subtype among 51,823 postmenopausal women in the
Swedish Mammography Cohort (corresponding person-year = 430,332)
The category of total dietary fiber intake, g/day
Type of breast tumors
Q1
Q2
Q3
Q4
Q5
<18.5
18.5 – 21.2
21.3 – 23.6
23.7 – 26.6
> 26.6
No. of person-year
77,507
82,765
86,732
90,358
92,970
P* P†
no. RR(ref.) no.
RR (95%CI)
no.
RR (95%CI)
no.
RR (95%CI)
no.
RR(95%CI)
trend hetero
Age-adjusted RR
All invasive ‡
253 1.00 280 0.99(0.84í1.17) 243 0.75(0.63í0.90) 240 0.86(0.72í1.02) 268 0.81(0.68í0.96) .006
Multivariable-adjusted RR§
All invasive ‡
253 1.00 280 0.96(0.79í1.17) 243 0.72(0.58í0.91) 240 0.83(0.65í1.07) 268 0.76(0.57í1.02) .07
ER+PR+
129 1.00 156 0.96(0.74í1.25) 128 0.69(0.50í0.94) 148 0.92(0.66í1.28) 155 0.77(0.52í1.14) .27
ER+PR–
68 1.00
60 0.98(0.66í1.47) 54 0.72(0.44í1.16) 48 0.78(0.46í1.33) 49 0.75(0.40í1.40) .28 .93
ER–PR–
26 1.00
39 1.23(0.70í2.17) 28 0.72(0.36í1.42) 23 0.54(0.25í1.17) 27 0.54(0.22í1.30) .06 .20
* Two sided P values for trend were calculated using the Wald statistics using the median values for each category of dietary fiber intake as
continuous variable.
† P values (two-sided) for heterogeneity from the Wald test compared with four pairs of ȕ-coefficients of ER+PR+ tumors.
‡ Includes 50 cases with ER–PR+ tumors and 96 cases with ER/PR unknown status.
§ Multivariable Cox proportional harzards models with age as the time-scales were adjusted for height (continuous), body mass index (<18.5, 18.5 24.9, 25 - 29.9, 30 kg/m2 ), education ( < 12 years of education, 12 years of education), parity (nulliparous, 1–2, 3), age at first birth (nulliparous,
<26, 26–30, 31 years ), age at menarche ( 12, 13, 14 years, missing), age at menopause (<51, 51 years), type of menopause (natural, surgery),
use of oral contraceptives (ever, never, missing), use of postmenopausal hormones (ever, never, missing), family history of breast cancer among
first-degree relatives (yes/no), history of benign breast disease (yes/no), total energy intake (quintiles), energy-adjusted total fat intake (quintiles),
intake of fruits and vegetables (quintiles), alcohol intake (nondrinkers, <3.4, 3.4í9.9, 10.0), and intake of dietary lignans (quintiles).
ER= estrogen receptor ; PR= progesterone receptor
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Table 9 (Table 4 Paper III with additional adjustment for dietary lignan intake). Multivariable relative risks (RRs)* and 95% confidence
intervals for the association between dietary fiber (cereal, fruits, and vegetables) and postmenopausal breast cancer risk by receptor-defined
subtype among 51,823 postmenopausal women in the Swedish Mammography Cohort (corresponding person-year = 430,332)
The categories of dietary fiber intake, g/day
Type of breast tumors
Q1
Q5
Q2
Q3
Q4
P† P‡
no. RR(ref.) no. RR (95%CI)
no. RR (95%CI) no. RR (95%CI) no.
RR(95%CI)
trend hetero
Cereal fiber
Intake (median), g/day <12.0 (10.4)
12.0 – 14.1
14.2 – 16.3
16.4 – 19.0
>19.0 (21.5)
No. of person-year
77,712
79,279
84,859
87,090
101,392
All invasive tumors§ 229 1.00 250 1.00(0.84í1.19) 272 0.97(0.80í1.17) 218 0.76(0.61í0.96) 315 0.86(0.67í1.12) .12
ER+PR+
115 1.00 141 1.04(0.82í1.31) 156 1.05(0.81í1.35) 123 0.73(0.54í1.00) 181 0.92(0.65í1.30) .34
ER+PR–
61 1.00 56 1.04(0.73í1.50) 63 1.04(0.69í1.55) 38 0.76(0.46í1.23) 61 0.80(0.45í1.41) .28 .98
ER–PR–
27 1.00 26 0.78(0.46í1.32) 28 0.62(0.35í1.13) 31 0.60(0.31í1.15) 31 0.46(0.21í0.99) .047 .35
Fruit fiber
Intake (median), g/day <1.7 (1.0)
1.7 – 2.6
2.7 – 3.6
3.7 – 5.1
>5.1 (6.5)
No. of person-year
82,701
86,363
83,871
90,384
87,013
All invasive tumors§ 267 1.00 265 0.96(0.78í1.18) 272 0.93(0.73í1.18) 256 0.83(0.63í1.10) 224 0.67(0.48í0.93) .007
ER+PR+
143 1.00 142 0.91(0.69í1.21) 144 0.88(0.63í1.22) 160 0.96(0.66í1.40) 127 0.62(0.39í0.97) .022
ER+PR–
60 1.00 63 0.89(0.58í1.37) 64 0.87(0.52í1.46) 47 0.57(0.31í1.05) 45 0.61(0.30í1.23) .14 .15
ER–PR–
34 1.00 32 0.98(0.55í1.76) 31 0.80(0.40í1.62) 26 0.53(0.23í1.23) 20 0.49(0.18í1.34) .13 .41
Vegetable fiber
Intake (median), g/day <0.93 (0.6)
0.94 – 1.41
1.42 - 1.92
1.93 – 2.66
>2.66 (3.4)
No. of person-year
98,491
90,842
80,374
78,101
82,523
All invasive tumors§ 295 1.00 308 1.05(0.87í1.26) 249 1.07(0.87í1.31) 209 0.97(0.78í1.21) 223 0.90(0.70í1.17) .27
ER+PR+
170 1.00 163 0.98(0.76í1.26) 143 1.05(0.81í1.38) 109 0.88(0.66í1.19) 131 0.82(0.58í1.16) .18
ER+PR–
58 1.00 73 1.32(0.87í2.01) 48 1.12(0.70í1.78) 52 1.21(0.73í1.98) 48 1.01(0.56í1.79) .76 .63
ER–PR–
34 1.00 37 0.99(0.59í1.68) 31 0.90(0.51í1.61) 19 0.60(0.30í1.18) 22 0.72(0.33í1.54) .27 .79
* Multivariable Cox proportional harzards models with age as the time-scales were adjusted for height (continuous), body mass index
(<18.5, 18.5 - 24.9, 25 - 29.9, 30 kg/m2 ), education ( <12 years of education, 12 years of education), parity (nulliparous, 1–2, 3), age

9 (Table 4 Paper III with additional adjustment for dietary lignan intake). Multivariable relative risks (RRs)* and 95% con
s for the association between dietary fiber (cereal, fruits, and vegetables) and postmenopausal breast cancer risk by receptore among 51,823 postmenopausal women in the Swedish Mammography Cohort (corresponding person-year = 430,332)
The categories of dietary fiber intake, g/day
of breast tumors
Q1
Q5
Q2
Q3
Q4
P
no. RR(ref.) no. RR (95%CI)
no. RR (95%CI) no. RR (95%CI) no.
RR(95%CI)
tre
Cereal fiber
(median), g/day <12.0 (10.4)
12.0 – 14.1
14.2 – 16.3
16.4 – 19.0
>19.0 (21.5)
person-year
77,712
79,279
84,859
87,090
101,392
nvasive tumors§ 229 1.00 250 1.00(0.84í1.19) 272 0.97(0.80í1.17) 218 0.76(0.61í0.96) 315 0.86(0.67í1.12) .1
ER+PR+
115 1.00 141 1.04(0.82í1.31) 156 1.05(0.81í1.35) 123 0.73(0.54í1.00) 181 0.92(0.65í1.30) .3
ER+PR–
61 1.00 56 1.04(0.73í1.50) 63 1.04(0.69í1.55) 38 0.76(0.46í1.23) 61 0.80(0.45í1.41) .2
ER–PR–
27 1.00 26 0.78(0.46í1.32) 28 0.62(0.35í1.13) 31 0.60(0.31í1.15) 31 0.46(0.21í0.99) .0
Fruit fiber
(median), g/day <1.7 (1.0)
1.7 – 2.6
2.7 – 3.6
3.7 – 5.1
>5.1 (6.5)
person-year
82,701
86,363
83,871
90,384
87,013
nvasive tumors§ 267 1.00 265 0.96(0.78í1.18) 272 0.93(0.73í1.18) 256 0.83(0.63í1.10) 224 0.67(0.48í0.93) .0
ER+PR+
143 1.00 142 0.91(0.69í1.21) 144 0.88(0.63í1.22) 160 0.96(0.66í1.40) 127 0.62(0.39í0.97) .0
ER+PR–
60 1.00 63 0.89(0.58í1.37) 64 0.87(0.52í1.46) 47 0.57(0.31í1.05) 45 0.61(0.30í1.23) .1
ER–PR–
34 1.00 32 0.98(0.55í1.76) 31 0.80(0.40í1.62) 26 0.53(0.23í1.23) 20 0.49(0.18í1.34) .1
Vegetable fiber
(median), g/day <0.93 (0.6)
0.94 – 1.41
1.42 - 1.92
1.93 – 2.66
>2.66 (3.4)
person-year
98,491
90,842
80,374
78,101
82,523
nvasive tumors§ 295 1.00 308 1.05(0.87í1.26) 249 1.07(0.87í1.31) 209 0.97(0.78í1.21) 223 0.90(0.70í1.17) .2
ER+PR+
170 1.00 163 0.98(0.76í1.26) 143 1.05(0.81í1.38) 109 0.88(0.66í1.19) 131 0.82(0.58í1.16) .1
ER+PR–
58 1.00 73 1.32(0.87í2.01) 48 1.12(0.70í1.78) 52 1.21(0.73í1.98) 48 1.01(0.56í1.79) .7
ER–PR–
34 1.00 37 0.99(0.59í1.68) 31 0.90(0.51í1.61) 19 0.60(0.30í1.18) 22 0.72(0.33í1.54) .2
tivariable Cox proportional harzards models with age as the time-scales were adjusted for height (continuous), body mass i
5, 18.5 - 24.9, 25 - 29.9, 30 kg/m2 ), education ( <12 years of education, 12 years of education), parity (nulliparous, 1–2, 3)

47

at first birth (nulliparous, <26, 26–30, 31 years ), age at menarche ( 12, 13, 14 years, missing), age at menopause (<51, 51 years),
type of menopause (natural, surgery), use of oral contraceptives (ever, never, missing), use of postmenopausal hormones (ever, never,
missing), family history of breast cancer among first-degree relatives (yes/no), history of benign breast disease (yes/no), total energy
intake (quintiles), energy-adjusted total fat intake (quintiles), intake of fruits and vegetables (quintiles), alcohol intake (nondrinkers, <3.4,
3.4í9.9, 10.0) , and intake of dietary lignans (quintiles).
Regarding dietary fibers, quintiles of cereal fiber, fruit fiber, vegetable fiber and other fibers were mutually adjusted in the model.
ER= estrogen receptor ; PR= progesterone receptor
† Two sided P values for trend were calculated using the Wald statistics using the median values for each category of dietary fiber intake as
continuous variable.
‡ P values (two-sided) for heterogeneity from the Wald test compared with four pairs of ȕ-coefficients of ER+PR+ tumors.
§ Includes 50 cases with ER–PR+ tumors and 96 cases with ER/PR unknown status.
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(quintiles), energy-adjusted total fat intake (quintiles), intake of fruits and vegetables (quintiles), alcohol intake (nondrinkers,
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uous variable.
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Table 10 (Table 5 Paper III with additional adjustment for dietary lignan intake). Multivariable relative risks (RRs)* and 95% confidence
intervals (CIs) for the association between specific dietary fiber intake (cereal, fruit, and vegetable) and postmenopausal breast cancer risk by
receptor-defined subtype among 41,795 postmenopausal women with complete information for PMH use in the Swedish Mammography Cohort,
stratified by the use of PMH (ever or never)
Categories of dietary fiber intake
Type of
P
Use of
Q2
Q3
Q4
breast
Q1
P
P
hetero
trend
int
PMH
tumors
No. Ref. No.
RR (95%CI)
No.
RR (95%CI)
No.
RR (95%CI)
§
†
‡
Cereal fiber
Ever
446 178 1.00 137 0.90(0.71í1.15)
85 0.75(0.55í1.03)
46 0.58(0.37í0.89) .0077
All invasiveŒ
Never
528 130 1.00 144 1.10(0.85í1.42) 96 0.70(0.51í0.96) 158 0.85(0.59í1.20) .20 .002
Ever
243
98 1.00 75 0.85(0.61í1.17)
47 0.67(0.44í1.03) 23 0.46(0.25í0.84) .007
ER(+)PR(+)
Never
299
69 1.00 93 1.40(1.00í1.95)
48 0.70(0.45í1.07) 89 0.96(0.60í1.54) .49 .004
Ever
123
51 1.00 40 1.14(0.72í1.82)
20 0.92(0.49í1.73) 12 0.87(0.37í2.04) .66
ER(+)PR(í)
Never
102 30
.33
.21
1.00 22 0.80(0.44í1.44)
24 0.95(0.49í1.84) 26 0.83(0.37í1.87) .71
Ever
34
0.33(0.07í1.69) .16
14 1.00 10 0.71(0.29í1.73)
7 0.55(0.18í1.72)
3
ER(í)PR(í)
Never
66
.45
18 1.00 16 0.66(0.32í1.36)
14 0.46(0.20í1.07) 18 0.38(0.14í1.04) .054 .68
Fruit fiber
Ever
446 81
1.00 107 0.91(0.64í1.29) 123 0.85(0.56í1.30) 135 0.77(0.46í1.28) .34
All invasiveŒ
Never
528 151 1.00 130 0.78(0.59í1.04) 122 0.65(0.46í0.93) 125 0.58(0.37í0.91) .020 .26
Ever
243
46 1.00 47 0.72(0.44í1.18) 68 0.86(0.49í1.54) 82 0.84(0.42í1.67) .93
ER(+)PR(+)
Never
299
81 1.00 72 0.71(0.49í1.04) 78 0.67(0.42í1.06) 68 0.47(0.26í0.84) .014 .17
Ever
123
20 1.00 32 1.03(0.52í2.03) 34 0.88(0.40í1.96) 37 0.95(0.37í2.47) .97
ER(+)PR(í)
Never
102 30
.30
.38
1.00 30 1.11(0.60í2.07) 20 0.69(0.30í1.57) 22 0.73(0.26í2.07) .52
Ever
34
0.23(0.05í1.15) 10 0.39(0.06í2.51) .38
9
1.00 11 0.74(0.24í2.27)
4
ER(í)PR(í)
Never
66
.28
.45
18 1.00 17 1.04(0.46í2.37) 17 0.97(0.34í2.72) 14 0.90(0.24í3.30) .84
Vegetable fiber
Ever
446
All
45 1.00 80 1.26(0.86í1.86) 139 1.57(1.05í2.34) 182 1.54(0.98í2.44) .097

0 (Table 5 Paper III with additional adjustment for dietary lignan intake). Multivariable relative risks (RRs)* and 95% co
(CIs) for the association between specific dietary fiber intake (cereal, fruit, and vegetable) and postmenopausal breast cance
defined subtype among 41,795 postmenopausal women with complete information for PMH use in the Swedish Mammography
by the use of PMH (ever or never)
Categories of dietary fiber intake
of
Use of
Q2
Q3
Q4
t
Q1
P trend P
PMH
rs
No. Ref. No.
RR (95%CI)
No.
RR (95%CI)
No.
RR (95%CI)
†
‡
Cereal fiber
Ever
446 178 1.00 137 0.90(0.71í1.15)
85 0.75(0.55í1.03)
46 0.58(0.37í0.89) .0077
iveŒ
Never
528 130 1.00 144 1.10(0.85í1.42) 96 0.70(0.51í0.96) 158 0.85(0.59í1.20) .20 .00
Ever
243
98 1.00 75 0.85(0.61í1.17)
47 0.67(0.44í1.03) 23 0.46(0.25í0.84) .007
R(+)
Never
299
69 1.00 93 1.40(1.00í1.95)
48 0.70(0.45í1.07) 89 0.96(0.60í1.54) .49 .00
Ever
123
51 1.00 40 1.14(0.72í1.82)
20 0.92(0.49í1.73) 12 0.87(0.37í2.04) .66
R(í)
Never
102 30
.3
1.00 22 0.80(0.44í1.44)
24 0.95(0.49í1.84) 26 0.83(0.37í1.87) .71
Ever
34
0.33(0.07í1.69) .16
14 1.00 10 0.71(0.29í1.73)
7 0.55(0.18í1.72)
3
R(í)
Never
66
18 1.00 16 0.66(0.32í1.36)
14 0.46(0.20í1.07) 18 0.38(0.14í1.04) .054 .6
Fruit fiber
Ever
446 81
1.00 107 0.91(0.64í1.29) 123 0.85(0.56í1.30) 135 0.77(0.46í1.28) .34
iveŒ
Never
528 151 1.00 130 0.78(0.59í1.04) 122 0.65(0.46í0.93) 125 0.58(0.37í0.91) .020 .2
Ever
243
46 1.00 47 0.72(0.44í1.18) 68 0.86(0.49í1.54) 82 0.84(0.42í1.67) .93
R(+)
Never
299
81 1.00 72 0.71(0.49í1.04) 78 0.67(0.42í1.06) 68 0.47(0.26í0.84) .014 .1
Ever
123
20 1.00 32 1.03(0.52í2.03) 34 0.88(0.40í1.96) 37 0.95(0.37í2.47) .97
R(í)
Never
102 30
.3
1.00 30 1.11(0.60í2.07) 20 0.69(0.30í1.57) 22 0.73(0.26í2.07) .52
Ever
34
0.23(0.05í1.15) 10 0.39(0.06í2.51) .38
9
1.00 11 0.74(0.24í2.27)
4
R(í)
Never
66
.2
18 1.00 17 1.04(0.46í2.37) 17 0.97(0.34í2.72) 14 0.90(0.24í3.30) .84
Vegetable fiber
Ever
446
45 1.00 80 1.26(0.86í1.86) 139 1.57(1.05í2.34) 182 1.54(0.98í2.44) .097

Never
528
139 1.00 135 0.96(0.75í1.24) 117 0.72(0.54í0.97) 137 0.60(0.42í0.84) .0007 .00
Ever
243
30 1.00 43 0.98(0.60í1.60) 70 1.07(0.64í1.80) 100 1.05(0.58í1.89) .76
R(+)
Never
299
75 1.00 71 0.90(0.64í1.27) 68 0.73(0.49í1.07) 85 0.59(0.37í0.93) .010 .65
Ever
123
8 1.00 23 1.77(0.76í4.11) 40 2.15(0.90í5.13) 52 2.19(0.83í5.74) .20
R(í)
Never
102
.18
24 1.00 27 1.15(0.64í2.08) 26 1.06(0.54í2.07) 25 0.80(0.35í1.83) .52
Ever
34
3.64(0.74í17.9) 13 4.17(0.78í22.4) 10 2.51(0.37í17.0) .88
2 1.00
9
R(í)
Never
66
21 1.00 16 0.77(0.38í1.57)
11 0.45(0.19í1.09) 18 0.58(0.21í1.55) .26 .07
variable-adjusted RR adjusted for age (the time-scale), height (continuous), body mass index (<18.5, 18.5 - 24.9, 25 - 29.9, 30
n (<12 years of education, 12 years of education), parity (nulliparous, 1–2, 3), age at first birth (nulliparous, <26, 26–30, 31
menarche ( 12, 13, 14 years, missing), age at menopause (<51, 51 years), type of menopause (natural, surgery), use
ptives (ever, never, missing), use of postmenopausal hormones (ever, never, missing), total energy intake (quintiles), energy
intake (quintiles), intake of fruits and vegetables (quintiles), alcohol intake (nondrinkers, <3.4, 3.4í9.9, 10.0), and intake o
quintiles).
ng cereal fiber, fruit fiber and vegetable fiber were mutually adjusted in the model.
ded P values for trend were calculated using the median values for each category of dietary fiber intake as continuous variable.
ded P values for interaction were calculated based on -2 log likelihood test.
es (two-sided) for heterogeneity from the Wald test compared with seven pairs of ȕ-coefficients of ER+PR+ tumors.
es 50 cases with ER–PR+ tumors and 96 cases with ER/PR unknown status.

invasiveŒ

49
49

Never
528
139 1.00 135 0.96(0.75í1.24) 117 0.72(0.54í0.97) 137 0.60(0.42í0.84) .0007 .006
Ever
243
30 1.00 43 0.98(0.60í1.60) 70 1.07(0.64í1.80) 100 1.05(0.58í1.89) .76
ER(+)PR(+)
Never
299
75 1.00 71 0.90(0.64í1.27) 68 0.73(0.49í1.07) 85 0.59(0.37í0.93) .010 .65
Ever
123
8 1.00 23 1.77(0.76í4.11) 40 2.15(0.90í5.13) 52 2.19(0.83í5.74) .20
ER(+)PR(í)
Never
102
.18
.45
24 1.00 27 1.15(0.64í2.08) 26 1.06(0.54í2.07) 25 0.80(0.35í1.83) .52
Ever
34
3.64(0.74í17.9) 13 4.17(0.78í22.4) 10 2.51(0.37í17.0) .88
2 1.00
9
ER(í)PR(í)
Never
66
21 1.00 16 0.77(0.38í1.57)
11 0.45(0.19í1.09) 18 0.58(0.21í1.55) .26 .075 .47
* Multivariable-adjusted RR adjusted for age (the time-scale), height (continuous), body mass index (<18.5, 18.5 - 24.9, 25 - 29.9, 30 kg/m2 ),
education (<12 years of education, 12 years of education), parity (nulliparous, 1–2, 3), age at first birth (nulliparous, <26, 26–30, 31 years ),
age at menarche ( 12, 13, 14 years, missing), age at menopause (<51, 51 years), type of menopause (natural, surgery), use of oral
contraceptives (ever, never, missing), use of postmenopausal hormones (ever, never, missing), total energy intake (quintiles), energy adjusted
total fat intake (quintiles), intake of fruits and vegetables (quintiles), alcohol intake (nondrinkers, <3.4, 3.4í9.9, 10.0), and intake of dietary
lignans (quintiles).
Regarding cereal fiber, fruit fiber and vegetable fiber were mutually adjusted in the model.
† Two sided P values for trend were calculated using the median values for each category of dietary fiber intake as continuous variable.
‡ Two sided P values for interaction were calculated based on -2 log likelihood test.
§ P values (two-sided) for heterogeneity from the Wald test compared with seven pairs of ȕ-coefficients of ER+PR+ tumors.
Œ Includes 50 cases with ER–PR+ tumors and 96 cases with ER/PR unknown status.

eŒ

5.4

PAPER IV: DIETARY LIGNAN INTAKE

Overall, we did not observe statistically significant inverse association between intake
of lignans and the overall risk of postmenopausal breast cancer or specific ER/PR
defined subtypes (Table 2 Paper IV). Compared to women in the lowest quintile of
intake (<676.2 ȝg/day), the multivariable adjusted relative risk (RR) for the highest
quintile (>1 082 ȝg/day) was 1.12 (95% CI = 0.85 to 1.46; p trend = 0.54) for all invasive
breast tumors. No statistically significant heterogeneities were observed in the risk
estimates between the ER+PR+ and other tumor subtypes (all p heterogeneities >0.70).
In stratified analyses on breast tumors defined by ER and PR status, we found a
statistically significant interaction between dietary lignan intake and PMH use for
ER+PR+ tumors (p interaction = 0.016), although non-significant inverse trend was
observed among PMH ever-users. For other tumor subtypes, we did not observe any
significant interaction across PMH use. There was no statistically significant
heterogeneity in the risk estimates between ER+PR+ and other tumor subtypes.
In analysis stratified by family history of breast cancer, alcohol intake, and levels
of BMI, we did not observed any statistically significant interaction between dietary
lignan intake in relation to the risk of overall or any subtype of breast tumors (Table 3
Paper IV).
In analyses stratified by PMH use, we observed a statistically significant
interaction between intake of dietary lignans and PMH use in relation to the risk for all
invasive breast cancer (p interaction = 0.01; Table 4 Paper IV). The inverse association
was confined to PMH ever-users; the multivariable adjusted relative risks (RR) for the
highest quartile of intake compared with those in the lowest quartile was 0.64 (95% CI
= 0.42 to 0.99; p trend = 0.042) for all invasive breast tumors among PMH ever-users. In
contrast, among PMH never-users, the corresponding RR was 1.26 (95% CI = 0.88 to
1.80). The observed rate ratios did not differ across tumors subtypes (all p heterogeneity = 
0.21).
In stratified analysis by PMH use, cereal fiber seems to significantly affect the
results which might be due to strong colinearity between cereal fiber and lignans
(r=0.7) (Table 13). In theory, among PMH never-users, cereal fiber is not a confounder,
because there was no association between cereal fiber and the risk of breast cancer
among PMH never-users (Table 5 Paper III). Therefore, we also performed additional
analyses without adjustment for cereal fiber to evaluate a potential over-adjustment of
the observed relative risks due to lignin content in cereals (Table 4 Paper IV). Among
PMH ever-users lignan intake (not adjusted for cereal fiber) was statistically
significantly inversely associated in a dose-response manner with all invasive breast
cancer and with all three studied tumor subtypes. The observed positive association
between lignan intake and the development of ERíPRí tumors among PMH neverusers changed from statistically significant over 4-fold increased risk to statistically
nonsignificant 2-fold increased risk after excluding cereal fiber intake from the
statistical model (Table 4 Paper IV). In both models with/without cereal fiber intake,
we observed a statistically significant interaction between dietary lignans and PMH use
in relation to breast cancer risk for both all invasive tumors and ER+PR+ tumors
(Table 4 Paper IV).
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No. of cases
Age-adjusted RR
Multivariable-adjusted RR §

716
716

141
1.00
1.00

141
0.94(0.74í1.19)
0.93(0.74í1.19)

132
0.91(0.72í1.15)
0.91(0.71í1.17)

147
0.92(0.73í1.16)
0.93(0.72í1.20)

155
0.94(0.75í1.19)
0.98(0.75í1.27)
.65
.93

No. of cases
Age-adjusted RR
Multivariable-adjusted RR §

279
279

60
1.00
1.00

57
1.09(0.76í1.55)
1.11(0.77í1.60)

63
0.90(0.62í1.31)
0.94(0.63í1.39)

48
0.75(0.51í1.10)
0.80(0.52í1.22)

51
0.89(0.61í1.29)
1.00(0.65í1.54)

.21
.64

No. of cases
28
27
33
24
31
Age-adjusted RR
143
1.00
1.11(0.66í1.86)
1.01(0.60í1.72) 0.98(0.58í1.68) 1.01(0.60í1.72)
.89
Multivariable-adjusted RR §
143
1.00
1.21(0.71í2.07)
1.18(0.68í2.05) 1.17(0.66í2.08) 1.23(0.67í2.23)
.60
ed P values for trend were calculated using the Wald statistics using the median values for each category of intake of lignans as continuous
(two-sided) for heterogeneity from the Wald test compared with four pairs of ȕ-coefficients of ER+ tumors.
riable Cox proportional harzards models with age as the time-scales were adjusted for height (continuous), body mass index (<18.5, 18.5
kg/m2 ), education ( <12 years of education, 12 years of education), parity (nulliparous, 1–2, 3), age at first birth (nulliparous, <26, 26–30
menarche ( 12, 13, 14 years, missing), age at menopause (<51, 51 years), type of menopause (natural, surgery), use of oral contracep
sing), use of postmenopausal hormones (ever, never, missing), family history of breast cancer among first-degree relatives (yes/no), histor
ase (yes/no), quintiles of total energy intake, quintiles of energy-adjusted dietary fiber intake (fruit, and vegetable, independently), quintile
otal fat intake, quintiles of fruits and vegetables intake and alcohol intake (non-drinkers, <3.4, 3.4í9.9, 10.0 ethanol g/day).
gen receptor ; PR= progesterone receptor

51
51

Table 11(Table 2 Paper IV No adjustment cereal fiber intake). Relative risks (RRs) and 95% confidence intervals for the association between FFQ-based
estimated intake of lignans and postmenopausal breast cancer risk by receptor-defined subtype among 51,823 postmenopausal women in the Swedish
Mammography Cohort.
Quintiles of lignans intake, µg/day
Categories for quintile
Q1
Q2
Q3
Q4
Q5
Lignans intake, µg/day
<676.2
676.2 – 805.9
806.0 – 926.8
926.9 – 1 082
>1,082
P*
P†
No. of person-year
81,454
82,856
85,402
87,804
92,815
All invasive
No. of cases
263
253
254
243
271
Age-adjusted RR
1284
1.00
1.02(0.85í1.21)
0.95(0.80í1.13) 0.87(0.73í1.04) 0.94(0.79í1.12)
.24
Multivariable-adjusted RR §
1284
1.00
1.03(0.86í1.23)
0.98(0.82í1.18) 0.90(0.75í1.09) 0.99(0.81í1.21)
.63
ER+PR+
No. of cases
141
141
132
147
155
Age-adjusted RR
716
1.00
0.94(0.74í1.19)
0.91(0.72í1.15) 0.92(0.73í1.16) 0.94(0.75í1.19)
.65
Multivariable-adjusted RR §
716
1.00
0.93(0.74í1.19)
0.91(0.71í1.17) 0.93(0.72í1.20) 0.98(0.75í1.27)
.93
ER+PRí
No. of cases
60
57
63
48
51
Age-adjusted RR
279
1.00
1.09(0.76í1.55)
0.90(0.62í1.31) 0.75(0.51í1.10) 0.89(0.61í1.29)
.21
Multivariable-adjusted RR §
279
1.00
1.11(0.77í1.60)
0.94(0.63í1.39) 0.80(0.52í1.22) 1.00(0.65í1.54)
.64
.73
ERíPRí
No. of cases
28
27
33
24
31
Age-adjusted RR
143
1.00
1.11(0.66í1.86)
1.01(0.60í1.72) 0.98(0.58í1.68) 1.01(0.60í1.72)
.89
Multivariable-adjusted RR §
143
1.00
1.21(0.71í2.07)
1.18(0.68í2.05) 1.17(0.66í2.08) 1.23(0.67í2.23)
.60
.92
* Two sided P values for trend were calculated using the Wald statistics using the median values for each category of intake of lignans as continuous variable.
† P values (two-sided) for heterogeneity from the Wald test compared with four pairs of ȕ-coefficients of ER+ tumors.
§ Multivariable Cox proportional harzards models with age as the time-scales were adjusted for height (continuous), body mass index (<18.5, 18.5 - 24.9, 25 29.9, 30 kg/m2 ), education ( <12 years of education, 12 years of education), parity (nulliparous, 1–2, 3), age at first birth (nulliparous, <26, 26–30, 31 years
), age at menarche ( 12, 13, 14 years, missing), age at menopause (<51, 51 years), type of menopause (natural, surgery), use of oral contraceptives (ever,
never, missing), use of postmenopausal hormones (ever, never, missing), family history of breast cancer among first-degree relatives (yes/no), history of benign
breast disease (yes/no), quintiles of total energy intake, quintiles of energy-adjusted dietary fiber intake (fruit, and vegetable, independently), quintiles of energyadjusted total fat intake, quintiles of fruits and vegetables intake and alcohol intake (non-drinkers, <3.4, 3.4í9.9, 10.0 ethanol g/day).
ER= estrogen receptor ; PR= progesterone receptor

Table 2 Paper IV No adjustment cereal fiber intake). Relative risks (RRs) and 95% confidence intervals for the association between
intake of lignans and postmenopausal breast cancer risk by receptor-defined subtype among 51,823 postmenopausal women in th
aphy Cohort.
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806.0 – 926.8
926.9 – 1 082
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son-year
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82,856
85,402
87,804
92,815
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No. of cases
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253
254
243
271
Age-adjusted RR
1284
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1.02(0.85í1.21)
0.95(0.80í1.13) 0.87(0.73í1.04) 0.94(0.79í1.12)
.24
Multivariable-adjusted RR §
1284
1.00
1.03(0.86í1.23)
0.98(0.82í1.18) 0.90(0.75í1.09) 0.99(0.81í1.21)
.63

ype of
st tumors

nvasiveŒ

+)PR(+)

+)PR(í)

í)PR(í)

nvasiveŒ

+)PR(+)

+)PR(í)

í)PR(í)

nvasiveŒ

No.
of
cases
Family history
No
1,109
Yes
175
No
609
Yes
107
No
250
Yes
29
No
122
Yes
21
Alcohol
High
319
Low
965
High
171
Low
545
High
91
Low
188
High
34
Low
109
BMI
<25
666

Table 12 (Table 3 Paper IV with no adjustment for dietary cereal intake). Multivariable relative risks (RRs)* and 95% confidence intervals
(CI) for the association between total lignans intake and postmenopausal breast cancer risk by receptor-defined subtype among 51,823
postmenopausal women in the Swedish Mammography Cohort stratified by family history of breast cancer, level of alcohol intake, and use of
PMH.
No.
Quartiles of lignans intake, µg/day
Type of
P int P
of
Q1
Q2
Q3
Q4
breast tumors
cases No. Ref. No. RR (95%CI) No. RR (95%CI) No. RR (95%CI) P trend † ‡ hetero
Family history
No
1,109 300 1.00 263 0.83(0.70í0.99) 274 0.87(0.73í1.04) 272 0.86(0.71í1.04) .21
All invasiveŒ
Yes
175 36 1.00 49 1.05(0.67í1.64) 43 0.91(0.56í1.46) 47 1.00(0.61í1.64) .91
.35
No
609 161 1.00 136 0.79(0.62í1.00) 157 0.91(0.72í1.16) 155 0.89(0.69í1.14) .60
ER(+)PR(+)
Yes
107
25 1.00 28 0.85(0.49í1.49) 25 0.76(0.42í1.39) 29 0.90(0.49í1.67) .78
.78
No
250 75 1.00 63 0.79(0.55í1.11) 52 0.66(0.45í0.97) 60 0.80(0.54í1.20) .25
ER(+)PR(í)
Yes
29
6 1.00 8 1.02(0.34í3.13) 7 0.97(0.29í3.19) 8 1.10(0.32í3.82) .89
.77 .52
No
122 33 1.00 29 0.91(0.55í1.53) 31 1.01(0.60í1.71) 29 0.95(0.53í1.68) .92
ER(í)PR(í)
Yes
21
4 1.00 5 1.26(0.31í5.09) 6 1.37(0.33í5.58) 6 1.56(0.36í6.84) .55
.89 >.99
Alcohol
High
319 85
1.00 93 0.89(0.65í1.21) 84 0.82(0.59í1.15) 57 0.66(0.44í0.97) .035
All invasiveŒ
Low
965 251 1.00 219 0.85(0.71í1.03) 233 0.90(0.74í1.08) 262 0.94(0.77í1.14) .73
.58
High
171
43 1.00 50 0.90(0.59í1.38) 45 0.84(0.53í1.33) 33 0.73(0.43í1.25) .24
ER(+)PR(+)
Low
545 143 1.00 114 0.77(0.60í0.99) 137 0.91(0.71í1.17) 151 0.94(0.72í1.22) .97
.59
High
91
26 1.00 28 0.88(0.50í1.55) 23 0.71(0.38í1.33) 14 0.48(0.22í1.03) .052
ER(+)PR(í)
Low
188
55 1.00 43 0.77(0.51í1.16) 36 0.65(0.42í1.02) 54 0.95(0.61í1.47) .84
.51 .73
High
34
10 1.00 7 0.63(0.23í1.72) 9 0.77(0.28í2.11) 8 0.83(0.28í2.47) .84
ER(í)PR(í)
Low
109
27 1.00 27 1.08(0.62í1.86) 28 1.18(0.67í2.07) 27 1.10(0.60í2.02) .71
.76 .90
BMI
All invasiveŒ
<25
666 174 1.00 172 0.93(0.75í1.15) 160 0.87(0.69í1.09) 160 0.88(0.68í1.13) .30

(Table 3 Paper IV with no adjustment for dietary cereal intake). Multivariable relative risks (RRs)* and 95% confidence in
he association between total lignans intake and postmenopausal breast cancer risk by receptor-defined subtype among 51,823
pausal women in the Swedish Mammography Cohort stratified by family history of breast cancer, level of alcohol intake, and u

No.

Q1
Ref.

No.

300
36
161
25
75
6
33
4

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

263
49
136
28
63
8
29
5

0.83(0.70í0.99)
1.05(0.67í1.64)
0.79(0.62í1.00)
0.85(0.49í1.49)
0.79(0.55í1.11)
1.02(0.34í3.13)
0.91(0.55í1.53)
1.26(0.31í5.09)

274
43
157
25
52
7
31
6

0.87(0.73í1.04)
0.91(0.56í1.46)
0.91(0.72í1.16)
0.76(0.42í1.39)
0.66(0.45í0.97)
0.97(0.29í3.19)
1.01(0.60í1.71)
1.37(0.33í5.58)

85
251
43
143
26
55
10
27

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

93
219
50
114
28
43
7
27

0.89(0.65í1.21)
0.85(0.71í1.03)
0.90(0.59í1.38)
0.77(0.60í0.99)
0.88(0.50í1.55)
0.77(0.51í1.16)
0.63(0.23í1.72)
1.08(0.62í1.86)

84
233
45
137
23
36
9
28

0.82(0.59í1.15)
0.90(0.74í1.08)
0.84(0.53í1.33)
0.91(0.71í1.17)
0.71(0.38í1.33)
0.65(0.42í1.02)
0.77(0.28í2.11)
1.18(0.67í2.07)

174
Q4
RR (95%CI)

P trend †

272
47
155
29
60
8
29
6

0.86(0.71í1.04)
1.00(0.61í1.64)
0.89(0.69í1.14)
0.90(0.49í1.67)
0.80(0.54í1.20)
1.10(0.32í3.82)
0.95(0.53í1.68)
1.56(0.36í6.84)

.21
.91
.60
.78
.25
.89
.92
.55

57
262
33
151
14
54
8
27

0.66(0.44í0.97)
0.94(0.77í1.14)
0.73(0.43í1.25)
0.94(0.72í1.22)
0.48(0.22í1.03)
0.95(0.61í1.47)
0.83(0.28í2.47)
1.10(0.60í2.02)

.035
.73
.24
.97
.052
.84
.84
.71

1.00 172 0.93(0.75í1.15) 160 0.87(0.69í1.09) 160 0.88(0.68í1.13)

.30

52
52

Quartiles of lignans intake, µg/day
Q2
Q3
RR (95%CI) No. RR (95%CI) No.
P

.
.
.

.

.

.

.

.

53
53

25
618 162 1.00 140 0.79(0.63í1.00) 157 0.89(0.71í1.13) 159 0.88(0.69í1.13) .55
.66
<25
342
88 1.00 89 0.90(0.66í1.22) 81 0.80(0.58í1.11) 100 0.85(0.60í1.21) .34
ER(+)PR(+)
25
374
98 1.00 75 0.72(0.53í0.98) 101 0.98(0.73í1.32) 84 0.94(0.68í1.29) .87
.31
<25
174 50 1.00 43 0.80(0.53í1.23) 40 0.77(0.49í1.21) 41 0.84(0.52í1.37) .52
ER(+)PR(í)
25
105
31 1.00 28 0.81(0.48í1.38) 19 0.56(0.30í1.03) 27 0.82(0.45í1.49) .41
.84 .021
<25
85
24 1.00 17 0.81(0.43í1.53) 23 1.20(0.64í2.22) 21 1.13(0.57í2.23) .56
ER(í)PR(í)
25
58
13 1.00 17 1.10(0.53í2.32) 14 0.90(0.40í1.99) 14 0.92(0.40í2.16) .76
.56 .24
*Multivariable-adjusted RR adjusted for age (the time-scale), height (continuous), education (<12 years of education, 12 years of education),
parity (nulliparous, 1–2, 3), age at first birth (nulliparous, <26, 26–30, 31 years ), age at menarche ( 12, 13, 14 years, missing), age at
menopause (<51, 51 years), type of menopause (natural, surgery), use of oral contraceptives (ever, never, missing), use of postmenopausal
hormones (ever, never, missing), total energy intake(quintiles), quintiles of energy-adjusted dietary fiber intake (fruit, and vegetable fiber
independently), energy adjusted total fat intake (quintiles), consumption of fruits and vegetables (quintiles) and alcohol intake (nondrinkers, <3.4,
3.4í9.9, 10.0).
† Two sided P values for trend were calculated using the median values for each category of dietary fiber intake as continuous variable.
‡ Two sided P values for interaction were calculated based on -2 log likelihood test.
§ Among 41,795 postmenopausal women with complete information for PMH use in the Swedish Mammography Cohort.
Œ Includes 50 cases with ER–PR+ tumors and 96 cases with ER/PR unknown status.

25
618 162 1.00 140 0.79(0.63í1.00) 157 0.89(0.71í1.13) 159 0.88(0.69í1.13) .55
<25
342
88 1.00 89 0.90(0.66í1.22) 81 0.80(0.58í1.11) 100 0.85(0.60í1.21) .34
+)PR(+)
25
374
98 1.00 75 0.72(0.53í0.98) 101 0.98(0.73í1.32) 84 0.94(0.68í1.29) .87
<25
174 50 1.00 43 0.80(0.53í1.23) 40 0.77(0.49í1.21) 41 0.84(0.52í1.37) .52
+)PR(í)
25
105
31 1.00 28 0.81(0.48í1.38) 19 0.56(0.30í1.03) 27 0.82(0.45í1.49) .41
<25
85
24 1.00 17 0.81(0.43í1.53) 23 1.20(0.64í2.22) 21 1.13(0.57í2.23) .56
í)PR(í)
25
58
13 1.00 17 1.10(0.53í2.32) 14 0.90(0.40í1.99) 14 0.92(0.40í2.16) .76
ariable-adjusted RR adjusted for age (the time-scale), height (continuous), education (<12 years of education, 12 years of e
ulliparous, 1–2, 3), age at first birth (nulliparous, <26, 26–30, 31 years ), age at menarche ( 12, 13, 14 years, missin
se (<51, 51 years), type of menopause (natural, surgery), use of oral contraceptives (ever, never, missing), use of postm
s (ever, never, missing), total energy intake(quintiles), quintiles of energy-adjusted dietary fiber intake (fruit, and vege
ently), energy adjusted total fat intake (quintiles), consumption of fruits and vegetables (quintiles) and alcohol intake (nondrin
10.0).
ided P values for trend were calculated using the median values for each category of dietary fiber intake as continuous variable.
ided P values for interaction were calculated based on -2 log likelihood test.
g 41,795 postmenopausal women with complete information for PMH use in the Swedish Mammography Cohort.
es 50 cases with ER–PR+ tumors and 96 cases with ER/PR unknown status.

Ĺsig
Ĺ
Ĺsig
Ĺ
Ĺsig
Ĺsig
Ļsig
ĺ
Alcohol intake
ĺ
Ĺsig
ĺ
Ĺsig
ĺ
ĺ
ĺ
ĺ
Body weight
Ļ sig
ĺ
Ļ sig
ĺ
ĺ
ĺ
Ļ sig
ĺ
0.8
Total fiber
Ļ sig
ĺ
Ļ sig
ĺ
Ļ
ĺ
Ļ sig
ĺ
0.7
Cereal fiber
ĺ
Ļ sig
ĺ
Ļ sig
ĺ
ĺ
ĺ
ĺ
0.2
Fruit fiber
ĺ
Ļ sig
ĺ
Ļ sig
ĺ
ĺ
ĺ
ĺ
0.4
Vegetable fiber
Ļ
(Ĺsig)
Adjusted for cereal fiber
Ļ sig
(ĺ)
Ļ
(ĺ)
Ļ
(ĺ)
ns
No adjustment for cereal fiber (Ļ sig) ĺ
(Ļ sig)
(Ļ sig) ĺ
(Ļ sig)
ĺ
ĺ
IV. mixed results
Ļ sig
ĺ
Ļ
ĺ
Ļ
ĺ
Ļ
ĺ
tified analysis by PMH use for the association between lignans and breast cancer, cereal fiber seems to significantly affect the r
ht be due to strong colinearity between cereal fiber and lignans. In theory, among PMH never-users, cereal fiber might not be ad
se it was not a confounder, since cereal fiber was not associated with breast cancer risk among PMH never-users in the cohort
order to avoid over-adjustment in stratified analysis by PMH use, we excluded cereal fiber in the model among PMH never-u
ting the association of lignans with the risk of breast cancer.
I.
II.
III.

54
54

Ĺsig
Ĺ
Ĺsig
Ĺ
Ĺsig
Ĺsig
Ļsig
ĺ
Alcohol intake
ĺ
Ĺsig
ĺ
Ĺsig
ĺ
ĺ
ĺ
ĺ
Body weight
Ļ sig
ĺ
Ļ sig
ĺ
ĺ
ĺ
Ļ sig
ĺ
0.8
Total fiber
Ļ sig
ĺ
Ļ sig
ĺ
Ļ
ĺ
Ļ sig
ĺ
0.7
Cereal fiber
ĺ
Ļ sig
ĺ
Ļ sig
ĺ
ĺ
ĺ
ĺ
0.2
Fruit fiber
ĺ
Ļ sig
ĺ
Ļ sig
ĺ
ĺ
ĺ
ĺ
0.4
Vegetable fiber
Ļ
(Ĺsig)
Adjusted for cereal fiber
Ļ sig
(ĺ)
Ļ
(ĺ)
Ļ
(ĺ)
Lignans
No adjustment for cereal fiber (Ļ sig) ĺ
(Ļ sig)
(Ļ sig) ĺ
(Ļ sig)
ĺ
ĺ
Paper IV. mixed results
Ļ sig
ĺ
Ļ
ĺ
Ļ
ĺ
Ļ
ĺ
In stratified analysis by PMH use for the association between lignans and breast cancer, cereal fiber seems to significantly affect the results;
it might be due to strong colinearity between cereal fiber and lignans. In theory, among PMH never-users, cereal fiber might not be adjusted
because it was not a confounder, since cereal fiber was not associated with breast cancer risk among PMH never-users in the cohort (Paper
III). In order to avoid over-adjustment in stratified analysis by PMH use, we excluded cereal fiber in the model among PMH never-users in
evaluating the association of lignans with the risk of breast cancer.
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Table 13: Summary of the results in stratified analysis by use of PMH in relation to ER/PR defined breast cancer risk
Type of tumors
All tumors
ER+PR+
ER+PRí
ERíPRí
PMH
PMH
PMH
PMH
PMH
PMH
PMH
PMH Correlation
ever
never
ever
never
ever
never
ever
never with lignans

13: Summary of the results in stratified analysis by use of PMH in relation to ER/PR defined breast cancer risk
Type of tumors
All tumors
ER+PR+
ER+PRí
ERíPRí
PMH
PMH
PMH
PMH
PMH
PMH
PMH
PMH Correla
ever
never
ever
never
ever
never
ever
never with lig

5.5 QUANTITATIVE REVIEW í META-ANALYSIS
Previous epidemiologic studies which investigated the relationship between alcohol
intake, body weight and joint ER/PR defined postmenopausal breast cancer were
reviewed by using a meta-analytic approach (Jonathan A C Sterne 2001). Regarding
dietary fiber and dietary lignans, there were too few published studies to evaluate the
association in relation to the risk of joint ER/PR defined breast cancer (Tables 17, 18,
and 19); therefore meta-analysis was not performed for these dietary factors.
Selection of studies
Eligible studies were identified by searching the MEDLINE database (National Library
for Medicine, Washington, DC) through September 2006 for epidemiologic studies of
alcohol intake and body weight in relation to joint ER/PR defined breast cancer among
postmenopausal women. Furthermore, additional publications identified by handsearching were also included.
Data extraction
Study characteristics recorded included the name of the first author, the year of
publication, study design, the country in which the study was conducted, year of data
collection (case-control studies), duration of follow-up (cohort studies), sample size,
type of controls, menopausal status, type of tumors according to joint ER/PR status, and
the relative risks and 95% CI for breast cancer associated with exposure of interest (i.e.
alcohol intake and body weight). From each study, we extracted the relative risks
reflecting the greatest degree of control for potential confounders. We included the
results based on postmenopausal women. The results based on non-postmenopausal
women, such as pre-, peri, and mixed menopausal status were not included in the
current analyses (manuscript in process).
Statistical analysis
We used the reported relative risk (RR) as the measure of the association between
exposure of interests and the risk of joint ER/PR defined breast cancer. Those studies
which reported ER and PR independently were not included in the analyses. Reported
RRs and corresponding standard errors were transformed to their natural logarithms to
stabilize the variances and to normalize the distributions. We excluded one study for
ERíPR+ tumors (Rosenberg 2006), because lower bound of CI is zero. The SEs were
derived from CIs provided in each study. We quantified the relations between alcohol
intake, body weight and ER/PR defined breast cancer risk with the methods of
DerSimonian and Laird (DerSimonian and Laird 1986) by use of the assumptions of a
random-effects model, which considers both within-study and between-study variation.
Statistical heterogeneity among studies included in the meta-analysis was
assessed using the Q- test and I 2 statistics (Higgins and Thompson 2002). The Q-test is
a test to examine the null hypothesis that heterogeneity across the study estimates of
RR is due to chance by a chi-square test with degrees of freedom equal to the number
of studies minus one. The I 2 statistics [ (I 2=( Q í (kí1))/Q) ] describes the proportion
of total variance in study estimates explained by heterogeneity across study variation
(Higgins and Thompson 2002). Publication bias was assessed constructing funnel plots
and by the Begg-adjusted rank correlation tests and the Egger’s regression asymmetry
test (Egger, Davey Smith et al. 1997). Statistical analyses were performed using Stata
(release 9.0; StataCorp, College Station, TX).
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Results: Alcohol intake and joint ER/PR tumors among postmenopausal women
Six case-control studies and two cohort stidies were included in the meta-analysis of
the estimation of the RR for the highest versus the lowest category of alcohol intake
(Table 14).
There was no heterogeneity among tumor subtypes as well as among overall
studies (Q= 33.37, p= 0.096; I2= 28.1 %) (Figure 21). P-value for overall test for
heterogeneity between subgroups was 0.083. The summary of RR of all invasive breast
tumors was 1.27 (95%CI: 1.15í1.41) for the subjects in the highest category of alcohol
consumption compared with those in the lowest category. We observed statistically
significant positive association of alcohol intake with the risk of ER+PR+ tumors and
that of ER+PRí tumors. For those subjects in the highest category of alcohol
consumption compared with those in the lowest category, the summary of RR were
1.23 (95% CI: 1.07í1.40) for ER+PR+ tumors and 1.57 (95%CI: 1.22í2.02) for
ER+PRí tumors. There was no significant positive association of alcohol intake for
ERíPR+ tumors and for ERíPRí tumors. There was no strong evidence for
publication bias (p=0.72 by Egger’s test).
Figure 21. Alcohol and ER/PR defined breast cancer among postmenopausal
women : Estimated relative risks (highest vs. lowest category) of ER/PR defined breast
cancer associated with alcohol consumption. Test for heterogeneity between: the effect
estimates for ER+PR+, Q= 10.49, d.f.= 7 , p= 0.163 ; I2=33.2 %; for ER+PRí, Q=
7.39, d.f.= 5 , p=0.193 ; I2= 32.3 %; for ERíPR+, Q= 2.05, d.f.= 2, p= 0.358 ; I2=
2.6 %; for ERíPRí, Q= 6.76, d.f.= 7 , p= 0.454 ; I2= 0.0 %; all studies, Q= 33.37, d.f.=
24, p= 0.096 ; I2= 28.1 %.
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Rter 1995 (Any vs. Non)
ger 1999 (>27 vs. 0)
003 (=>30 vs.Never)
Donald 2004 (=>7 vs.None)
uki 2005 (=>10 vs.None)
enberg 2006 (> 10 vs. None)
al
al

+
ter 1995 (Any vs. Non)
Donald 2004 (=>7 vs.None)
uki 2005 (=>10 vs.None)
al

ter 1995 (Any vs. Non)
ger 1999 (>27 vs. 0)
ang 2000 (>27 vs. 0)
terchio 2003 (=>3.5 vs.0)
003 (=>30 vs.Never)
Donald 2004 (=>7 vs.None)
uki 2005 (=>10 vs.None)
enberg 2006 (> 10 vs. None)
al

ER+PR+
Potter 1995 (Any vs. Non)
Enger 1999 (>27 vs. 0)
Huang 2000 (>27 vs. 0)
Cotterchio 2003 (=>3.5 vs.0)
Li 2003 (=>30 vs.Never)
McDonald 2004 (=>7 vs.None)
Suzuki 2005 (=>10 vs.None)
Rosenberg 2006 (> 10 vs. None)

ERPR type, year, alcohol (highest vs.lowest, g/day)

.5

RR

1

ER+PRPotter 1995 (Any vs. Non)
Enger 1999 (>27 vs. 0)
Li 2003 (=>30 vs.Never)
McDonald 2004 (=>7 vs.None)
Suzuki 2005 (=>10 vs.None)
Rosenberg 2006 (> 10 vs. None)
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Results: Body weight and joint ER/PR tumors among postmenopausal women
Five case-control studies (Table 15) and two cohort studies (Table 16) were included
in the meta-analysis of the estimation of the RR for the highest versus the lowest
category of body weight among postmenopausal women. There was statistically
significant heterogeneity among overall studies (p < 0.001). Therefore, we analyzed
each tumor subtype separately.
For ER+PR+ tumors, there was significant heterogeneity among overall studies (Q=
15.98, p= 0.014; I2= 62.5 %)(Figure 22). After stratification by study design, a
statistically significant heterogeneity was observed among case-control studies, but not
among cohort studies (among case-control studies: Q= 12.38, p= 0.015; I2= 67.7 %;
among cohort studies: Q= 1.52, p= 0.218; I2= 34.1 %). For subjects in the highest
category of body weight compared with those in the lowest category, the summary of
RR for cohort studies were 1.52 (95% CI: 1.26í1.83).
Figure. Body weight and ER+PR+ tumors among postmenopausal women
study year, BMI(highest vs.lowest)
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Subtotal
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Figure 22. Body weight and ER+PR+ breast cancer among postmenopausal women:
Estimated relative risks (highest vs. lowest category) of ER+PR+ breast tumors
associated with body weight. Test for heterogeneity between: the effect estimates for
case-control studies, Q= 12.38, d.f.= 4, p= 0.015; I2=67.7 %; for cohort studies, Q=
1.52, d.f.=1, p= 0.218; I2= 34.1 %; all studies, Q= 15.98, d.f.=6, p= 0.014; I2= 62.5 %.
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For ER+PRí tumors, three case-control studies and two cohort studies were included in
the meta-analysis of the estimation of the RR for the highest versus the lowest category
of body weight. There was no heterogeneity among overall studies (Q= 7.59, p= 0.108;
I2= 47.3 %) among case-control studies (Q= 0.58, p= 0.747; I2= 0.0 %) and among
cohort studies (Q= 1.37, p= 0.241; I2= 27.3 %)(Figure 23). We observed nonsignificant inverse association between body weight and ER+PRí tumors. For those
subjects in the highest category of body weight compared with those in the lowest
category, the summary of RR was 0.90 (95% CI: 0.68í1.21) for overall studies. After
stratification by study design, the summary RR for cohort studies was statistically
significant. For those subjects in the highest category of body weight compared with
those in the lowest category, the summary of RR was 0.64 (0.42í0.97) for cohort
studies, while the corresponding RR was 1.10 (95% CI: 0.85í1.43) for case-control
studies.
Figure. Body weight and ER+PR- tumors among postmenopausal women
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Figure 23. Body weight and ER+PRí breast cancer among postmenopausal women:
Estimated relative risks (highest vs. lowest category) of ER+PRí breast tumors
associated with body weight. Test for heterogeneity between: the effect estimates for
case-control studies, Q= 0.58, d.f.= 2, p=0.747 ; I2=0.0 %; for cohort studies, Q= 1.37,
d.f.= 1, p= 0.241 ; I2=27.3 %; all studies, Q= 7.59, d.f.= 4, p= 0.108; I2= 47.3 %.
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For ERíPRí tumors, five case-control studies and two cohort studies were included in
the meta-analysis of the estimation of the RR for the highest versus the lowest category
of body weight. There was significant heterogeneity among overall studies (Q= 13.67,
p= 0.034; I2= 56.1 %)(Figure 24). After stratification by study design, no statistically
significant heterogeneity was observed among neither case-control studies nor cohort
studies (among case-control studies: Q= 4.85, p= 0.303; I2= 17.5 %; among cohort
studies: Q= 0.65, p= 0.42; I2= 0.0 %). For subjects in the highest category of body
weight compared with those in the lowest category, the summary RR was 1.28 (95%
CI: 1.01í1.62) for case-control studies and 0.65 (95% CI: 0.42í1.00) for cohort studies.

Figure. Body weight and ER-PR- tumors among postmenopausal women
study year, BMI(highest vs.lowest)
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Figure 24. Body weight and ERíPRí tumors among postmenopausal women:
Estimated relative risks (highest vs. lowest category) of body weigtht associated with
ERíPRí breast tumors. Test for heterogeneity between: the effect estimates for casecontrol studies, Q= 4.85, d.f.= 4, p=0.303; I2=17.5 %; for cohort studies, Q= 0.65, d.f.=
1 , p= 0.42; I2=0.0 %; all studies, Q= 13.67, d.f.=6, p= 0.034 ; I2= 56.1 %.
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20-74y
Post
Post

3,276/3,691
WHS 73/ 61%
ECSS 86/ 80%
Population based
(1995í1998)
975/1,007
(80.6/ 73.8 %)
Population based
(1997í1999)
25-74y
Post
Post
Type of tumor

Effect estimates
RR(95% CI)
P
value
Exposure information
(The level of BMI)
Adjusted factors

Post
Post
Post
ER+PR+
ER+PRí
ERíPRí

2.45(1.73-3.47)
1.29(0.78-2.15)
1.20(0.70-2.05)

<.01
.24
.85
BMI, kg/m2
<21.7 vs. 27.1
<21.7 vs. 27.1
<21.7 vs. 27.1
Age at reference year, socioeconomic s
full term pregnancy, breast feeding, f
breast cancer, the level of physical
menopause, use of PMH and alcohol int

Age at menarche, parity, history of
history of abortion, WHR, use of OC
family history of breast cancer, m
exposure, smoking, alcohol intake, edu
at diagnosis, the offset term.
Age, age at menarche, parity, age at fir
of OC use, alcohol intake, smoking,
benign breast disease, family history
age at menopause, duration of PMH

65-79 y
Post
Post
Post
Post
50-74y
Post
Post
Post
Post

Cases/control
(Participation rate)
(Years of data
collection)
760/1,091 (76/ 80%)
Neightborhood controls
(1983í1988)

ER+PR+
ER+PRí
ERíPR+
ERíPRí
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65-79 y
Post
Post
Post
Post
50-74y
Post
Post
Post
Post

25-74y
Post
Post

All
ER+PR+
ER+PRí
ERíPRí

ER+PR+
ERíPRí

ER+PR+
ERíPRí

BMI, kg/m2
20-25 vs. >27
20-25 vs. >27

ER+PR+
ER+PRí
ERíPR+
ERíPRí

BMI, kg/m2
24.9 vs. 30
24.9 vs. 30
24.9 vs. 30
24.9 vs. 30
Recent BMI
<22.2 vs. 28.3
<22.2 vs. 28.3
<22.2 vs. 28.3
<22.2 vs. 28.3

2,643/3,065 (84/ 82%)
Population based
(1993í1995)

1.61(1.32-1.98)
1.48(1.09-1.99)

Rosenberg 2006
(Rosenberg 2006)
Sweden

1.2(0.9-1.5)
1.3(1.0-1.7)
1.1(0.7-1.7)
0.9(0.5-1.6)

20-74y
Post
Post

ER+PR+
ER+PRí
ERíPRí

Effect estimates
RR(95% CI)

1.2(0.9-1.5)
1.3(1.0-1.7)
1.1(0.7-1.7)
0.9(0.5-1.6)

1.61(1.32-1.98)
1.48(1.09-1.99)

1.6(0.9-3.0)
0.8(0.4-1.7)

2.45(1.73-3.47)
1.29(0.78-2.15)
1.20(0.70-2.05)
1.6(0.9-3.0)
0.8(0.4-1.7)

Li 2006 (Li et al.
2006)
the United States

3,276/3,691
WHS 73/ 61%
ECSS 86/ 80%
Population based
(1995í1998)
975/1,007
(80.6/ 73.8 %)
Population based
(1997í1999)

2.2(1.7-2.8)
1.0(0.7-1.6)
2.2(0.9-5.6)
1.6(1.0-2.5)

Cotterchio 2003
(Cotterchio et al.
2003a) Canada

All
ER+PR+
ER+PRí
ERíPRí

Post
Post
Post

Type of tumor

ER+PR+
ERíPRí

862/790 (77/68%)
Population based
(1993í1996)

Age/Menopa
usal status

ER+PR+
ERíPRí

Hang 2000,(Hang
et al 2000)
the United states

Enger 2000,(Enger
et al. 2000)
the United States

Study location
reference

Exposure information
(The level of BMI)

BMI, kg/m2
<23 vs. >31
<23 vs. >31
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<.01
.24
.85

BMI, kg/m2
24.9 vs. 30
24.9 vs. 30
24.9 vs. 30
24.9 vs. 30
Recent BMI
<22.2 vs. 28.3
<22.2 vs. 28.3
<22.2 vs. 28.3
<22.2 vs. 28.3

Age, BMI, age at first birth

Age at diagnosis, reference year, type of menopause.

Age at menarche, parity, history of breast feeding,
history of abortion, WHR, use of OC, use of PMH,
family history of breast cancer, medical radiation
exposure, smoking, alcohol intake, education, race, age
at diagnosis, the offset term.
Age, age at menarche, parity, age at first birth, duration
of OC use, alcohol intake, smoking, breast feeding,
benign breast disease, family history of breast cancer,
age at menopause, duration of PMH

BMI, kg/m2
<23 vs. >31
<23 vs. >31
BMI, kg/m2
20-25 vs. >27
20-25 vs. >27

Age at reference year, socioeconomic status, number of
full term pregnancy, breast feeding, family history of
breast cancer, the level of physical activity, age at
menopause, use of PMH and alcohol intake

Adjusted factors

BMI, kg/m2
<21.7 vs. 27.1
<21.7 vs. 27.1
<21.7 vs. 27.1

Table 15:Case-control studies of body weight with joint ER/PR defined postmenopausal breast cancer risk

Age/Menopa
usal status

2.2(1.7-2.8)
1.0(0.7-1.6)
2.2(0.9-5.6)
1.6(1.0-2.5)

P
value

Cases/control
(Participation rate)
(Years of data
collection)
760/1,091 (76/ 80%)
Neightborhood controls
(1983í1988)

Age at diagnosis, reference year, type of

Age, BMI, age at first birth

2096 cases with ER/PR
(66,145)
Person-year
1,029,414
(1980í2000)

1,188 cases with ER/PR
(51,823)
430,332 pr-y
(1987í2004)
Type of tumor
Effect
estimates

Post
Post
Post
30-70y
Mix
Mix
Mix
Mix
Mix
Mix
Mix
Mix
Post
Post
Post
Post
ER+PR+
ER+PRER-PR-

1.38(1.12-1.71)
0.49(0.27-0.88)
0.75(0.43-1.31)

Exposure information
(The level of BMI)
BMI, kg/m2
<30 vs. 30
<30 vs. 30
<30 vs. 30

0.94(0.88-0.99)
1.17(1.05-1.30)
1.14(0.99-1.30)
0.82(0.65-1.03)
1.00(0.81-1.24)
1.15(0.80-1.67)
1.07(0.96-1.19)
0.90(0.76-1.08)
1.28(1.07-1.52)
1.67(1.34-2.07)
0.76(0.49-1.17)
0.52(0.26-1.04)
Ave.vs. lean
Ave vs. obese
Ave.vs. lean
Ave vs. obese
Ave.vs. lean
Ave vs. obese
Ave.vs. lean
Ave vs. obese
<18.5 vs. 30
<18.5 vs. 30
<18.5 vs. 30
<18.5 vs. 30

Suzuki 2005
(Suzuki et al.
2005)
Sweden

1,188 cases with ER/PR
(51,823)
430,332 pr-y
(1987í2004)

2096 cases with ER/PR
(66,145)
Person-year
1,029,414
(1980í2000)

Cases and cohort
(follow-up year)
610 cases with ER/PR
(241,627)
(1986í1992)

Post
Post
Post
30-70y
Mix
Mix
Mix
Mix
Mix
Mix
Mix
Mix
Post
Post
Post
Post

Menopausal
status

Type of tumor

Effect
estimates

1.38(1.12-1.71)
0.49(0.27-0.88)
0.75(0.43-1.31)

0.94(0.88-0.99)
1.17(1.05-1.30)
1.14(0.99-1.30)
0.82(0.65-1.03)
1.00(0.81-1.24)
1.15(0.80-1.67)
1.07(0.96-1.19)
0.90(0.76-1.08)
1.28(1.07-1.52)
1.67(1.34-2.07)
0.76(0.49-1.17)
0.52(0.26-1.04)

ER+PR+
ER+PRER-PR-

ER+PR+
ER+PR+
ER+PRí
ER+PRí
ER-PR+
ER-PR+
ER-PRER-PRAll
ER+PR+
ER+PRER-PR-

ER+PR+
ER+PR+
ER+PRí
ER+PRí
ER-PR+
ER-PR+
ER-PRER-PRAll
ER+PR+
ER+PRER-PR-

64
P
value

.0046
<.001
.096
.099
Age

64

.0046
<.001
.096
.099

Menopausal
status

Table 16: Prospective studies of body weight with joint ER/PR defined breast cancer risk
P
value

Cases and cohort
(follow-up year)
610 cases with ER/PR
(241,627)
(1986í1992)

Study location
reference
Potter 1995
(Potter et al.
1995) the United
States
Colditz 2004
(Colditz et al.
2004) the United
States

spective studies of body weight with joint ER/PR defined breast cancer risk

Adjusted factors

Age, height, family history of breast c
menarche, parity, age at first birth, education,
of PMH, the reason of menopause, history o
disease, total energy intake, energy-adjusted t
and total fat intake, alcohol intake.

Ave.vs. lean
Ave vs. obese
Ave.vs. lean
Ave vs. obese
Ave.vs. lean
Ave vs. obese
Ave.vs. lean
Ave vs. obese
<18.5 vs. 30
<18.5 vs. 30
<18.5 vs. 30
<18.5 vs. 30

Exposure information
(The level of BMI)
BMI, kg/m2
<30 vs. 30
<30 vs. 30
<30 vs. 30

Age, height, family history of breast cancer, age at
menarche, parity, age at first birth, education, use of OC, use
of PMH, the reason of menopause, history of benign breast
disease, total energy intake, energy-adjusted total fiber intake
and total fat intake, alcohol intake.

Age

Adjusted factors

rence)
age,
l status
1990
et al.
erland
64 y
(Howe et
anada,
usal
1
al. 1991),
tates

usal
94
nd Rohan
da

se
Total fiber

Population based
133/238
0.55 (0.26-1.17)
P=0.1
Q4 vs. Q1

Meta-analysis
with 12 case-control
10,522 cases
Populatin-based
439/494
(1986-1989)
0.83 (p=0.002)
(Q5 vs Q1)

Population based
451/ 451

Mix

Pre

Yuan et
hina

Post

Population based
834 /834
(1984í1985)
(combined two)

m 1996
m et al.

case-control
297/311
0.74 (0.51-1.09)
p=0.01
(33 vs.19 g/day)

Total fiber
(Q5 vs Q1)
0.48(0.30-0.76)
P=0.003
1.19(0.44-3.22)
P=0.61
0.42(0.22-0.82)
P=0.023
0.4(0.2-0.6)
(per 6g)

Total fiber
0.52(0.32í0.85)
P=.001
Q4 vs Q1

Grain fiber
1.03(0.64í1.65)
P= .55
Q4 10g/d vs Q1

65

Population based
834 /834
(1984í1985)
(combined two)

case-control
297/311

Freudenheim 1996
(Freudenheim et al.
1996), US
Premenopause

Fruits and vegetables fiber
0.48(0.30í0.78)
P= <.001
Q4, 25g/day vs.Q1

Yuan 1995 (Yuan et
al. 1995), China

Cellulose fiber
0.03 (0.002-0.51)
P=0.014

Total fiber
0.52(0.32í0.85)
P=.001
Q4 vs Q1

Total fiber
(Q5 vs Q1)
0.48(0.30-0.76)
P=0.003
1.19(0.44-3.22)
P=0.61
0.42(0.22-0.82)
P=0.023
0.4(0.2-0.6)
(per 6g)

Cellulose fiber
0.03 (0.002-0.51)
P=0.014

Vegetables fiber

Grain fiber
1.03(0.64í1.65)
P= .55
Q4 10g/d vs Q1

65

Fruits and vegetables fiber
0.48(0.30í0.78)
P= <.001
Q4, 25g/day vs.Q1

Non starch polysaccharide
InsolubleSolubleCellulose
(Q5 vs Q1)
(Q5 vs Q1)
(Q5 vs Q1)
0.53(0.33-0.84)
0.58(0.36-0.92)
0.57(0.36-0.90)
P=0.002
P=0.005
P=0.005
0.92(0.31-2.72)
0.68(0.26-1.79)
0.65(0.25-1.66)
P=0.28
P=0.42
P=0.30
0.51(0.27-0.99)
0.60(0.30-1.19)
0.64(0.33-1.23)
P=0.022
P=0.02
P=0.051
0.8(0.4-1.9)
0.6(0.5-0.9)
(per 3g)
Vegetable/fruit fiber (per 3g)

Fruits fiber

Post

Pre

Mix

Population based
451/ 451

Cereal fiber

Neighborhood
139/139

Non starch polysaccharide
InsolubleSolubleCellulose
(Q5 vs Q1)
(Q5 vs Q1)
(Q5 vs Q1)
0.53(0.33-0.84)
0.58(0.36-0.92)
0.57(0.36-0.90)
P=0.002
P=0.005
P=0.005
0.92(0.31-2.72)
0.68(0.26-1.79)
0.65(0.25-1.66)
P=0.28
P=0.42
P=0.30
0.51(0.27-0.99)
0.60(0.30-1.19)
0.64(0.33-1.23)
P=0.022
P=0.02
P=0.051
0.8(0.4-1.9)
0.6(0.5-0.9)
(per 3g)
Vegetable/fruit fiber (per 3g)

0.74 (0.51-1.09)
p=0.01
(33 vs.19 g/day)

0.83 (p=0.002)
(Q5 vs Q1)

0.55 (0.26-1.17)
P=0.1
Q4 vs. Q1

Population based
133/238

Meta-analysis
with 12 case-control
10,522 cases
Populatin-based
439/494
(1986-1989)

Total fiber

Cases/control

Table 17:Case-control studies of dietary fiber and breast cancer

Neighborhood
139/139
Fruits fiber

Cases/control

Cereal fiber

usal
1
l. 1991),

Study (reference)
Countries, age,
menopausal status
Van’t Veer 1990
(Van 't Veer et al.
1990), Netherland
25-44 y, 55-64 y
Howe 1990 (Howe et
al. 1990), Canada,
postmenopausal
Graham 1991
(Graham et al. 1991),
the United States
over 50 y
Postmenopausal
Zaridze 1991
(Zaridze et al. 1991),
Moscow,
Postmenopausal
Baghurst 1994
(Baghurst and Rohan
1994), Canada
20-74 y

Case-control studies of dietary fiber and breast cancer

Vegetables fiber
Adjusted factors

Age, history of benign breast disease
breast cancer, smoking, education, u
menarche, age at first full term pregn
intake, alcohol intake
Total fat intake

Age, education, age at first pregnancy
relative with breast cancer, benig
number of pregnancies, nutritional tra

Protein, mono- and disaccharides and
for education, age at menarche, energy
Number of pregnancy, age at first pre
benign breast disease, family history
BMI

Age, sex, energy intake, non-dietary
menarche,he length of cycle, numb
pregnancy, duration fo nursing, us
history of benign breast disease, fami
cancer, level of education, duration of
Age, education, age at first birth,
family history of breast cancer, histo
disease, BMI, total energy

Age, sex, energy intake, non-dietary risk factors (age at
menarche,he length of cycle, number of full-term of
pregnancy, duration fo nursing, use of OC, weight,
history of benign breast disease, family history of breast
cancer, level of education, duration of nursing )
Age, education, age at first birth, age at menarche,
family history of breast cancer, history of benign breast
disease, BMI, total energy

Number of pregnancy, age at first pregnancy, history of
benign breast disease, family history of breast cancer,
BMI

Protein, mono- and disaccharides and cellulose adjusted
for education, age at menarche, energy intake

Age, education, age at first pregnancy, age at menarche,
relative with breast cancer, benign breast disease,
number of pregnancies, nutritional trait

Age, history of benign breast disease, family history of
breast cancer, smoking, education, use of OC, age at
menarche, age at first full term pregnancy, BMI, energy
intake, alcohol intake
Total fat intake

Adjusted factors

1996
et al.
(median
or
ls)
1997 (De
. 1997)

Total
0.50 (0.31í0.80)
P <0.001
>15.0 vs.<10.3g/d

Total fiber
0.51(0.31í0.82)
P=<.001
>32.1 vs <20.7g/d

Hospital based
351/356
(1994-1996)

Total
0.50 (0.31í0.80)
P <0.001
>15.0 vs.<10.3g/d

Total fiber
0.94 p=0.3
Q5 vs Q1
(>28.8 g/day)

Hospital-based
2,569/2,588

Grain fiber
0.65(0.42í1.04)
P= .02
>9.3 vs <5.2 g/d
NSP
In-soluble
0.45(0.28í0.73)
P <0.001
>8.2 vs.<5.6g/d

Grain fiber
0.65(0.42í1.04)
P= .02
>9.3 vs <5.2 g/d
NSP
In-soluble
0.45(0.28í0.73)
P <0.001
>8.2 vs.<5.6g/d
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Cellulose
0.68(0.41í1.13)
P= .11
>18.7 vs.<12.4g/d

Total fiber
0.51(0.31í0.82)
P=<.001
>32.1 vs <20.7g/d
soluble
0.49(0.31í0.79)
P < 0.001
>6.8 vs.<4.7g/d

Hospital based
351/356
(1994-1996)
Vegetable fiber
0.56(0.34í0.92)
P= .005
>12.5 vs <8.2 g/d

Total fiber
0.94 p=0.3
Q5 vs Q1
(>28.8 g/day)
Fruits fiber
0.77(0.48í1.24)
P= .18
>10.3 vs <7.3 g/d

Hospital-based
2,569/2,588

Table 17 (continued):Case-control studies of dietary fiber and breast cancer

Franceschi 1996
(Franceschi et al.
1996), Italy (median
age 55/56 for
cases/controls)
De Stehani, 1997 (De
Stefani et al. 1997)
Uruguay

(continued):Case-control studies of dietary fiber and breast cancer

Age, center, education, parity, meno
energy, and alcohol intake

Fruits fiber
0.77(0.48í1.24)
P= .18
>10.3 vs <7.3 g/d
Vegetable fiber
0.56(0.34í0.92)
P= .005
>12.5 vs <8.2 g/d

soluble
0.49(0.31í0.79)
P < 0.001
>6.8 vs.<4.7g/d
Cellulose
0.68(0.41í1.13)
P= .11
>18.7 vs.<12.4g/d

66
Age, residence, family history of bre
of benign breast disease, total energ
quercetin intake, and menopausal stat

Age, residence, family history of breast cancer, history
of benign breast disease, total energy, red meat, lutein,
quercetin intake, and menopausal status

Age, center, education, parity, menopausal status, total
energy, and alcohol intake

ohan

et al.

86)

en et

erry
nada
835)
up

200)

837)

)

73)
p
Age  15 y
(1967í1991)
1.1 (p=.18)
Q3 vs Q1

Postmenopause
55í69 y
(1986í1990)

0.83(0.56-1.24)
34.5 vs. 16.9 g/day

40í59 y
(1980í1985)

0.92(0.78í1.09)
P=.16
Q5: 25,8 g/day vs. Q1

0.90(0.78í1.04)
P=.13
Q5: 5,6 g/day vs. Q1

1.07(0.92í1.25)
P=.51
Q5: 6,6 g/day vs.
Q1

34í59 y
(results for
postmenopausal)

0.96(0.83í1.10)
P=.35 (Q5 vs Q1 )

1.08(0.96í1.22)
P=.09

0.92(0.81í1.04)
P=.08

67

0.90(0.75í1.08)
P=.21
Q5 11,0 g/day vs. Q1

Age, study center, treatment allocation, BMI, smokin
physical activity, OC, PMH, Parity, history of b
disease, history of breast self-exam, family history of
menopausal status, energy intake, alcohol, calcium
vitamin E, folic acid, saturated fat

0.94(0.82í1.08)
P=.27

Age, BMI, 2-year-time periods, total energy intake, a
parity, age at first birth, height, family history of b
history of benign disease, age at menarche

Holms 2004
(Holmes et al.
2004)
US. Harvard
2,924cases(76,200)

34í59 y
(results for
postmenopausal)

0.92(0.78í1.09)
P=.16
Q5: 25,8 g/day vs. Q1

Age, energy intake, alcohol intake, history of b
disease, family history of breast cancer, age at men
menopause, age at first birth, parity

0.96(0.83í1.10)
P=.35 (Q5 vs Q1 )

0.90(0.78í1.04)
P=.13
Q5: 5,6 g/day vs. Q1

67

0.92(0.81í1.04)
P=.08

After adjusted Vit A
After adjusted beta-carotenoid
Age, diet interviewer, season of diet interview, me
change of dietary habits, total energy, PMH use,age
height, waist, physical activity, age at menarche, educ
Additional adjustment for fat intake
Age, education
1.08(0.96í1.22)
P=.09

Age, energy intake, age at menarche, surgical meno
first birth, education, family history of breast canc
benign breast disease

1.07(0.92í1.25)
P=.51
Q5: 6,6 g/day vs.
Q1

Vegetable fiber

40í59 y
(1980í1985)

0.83(0.56-1.24)
34.5 vs. 16.9 g/day

Fruit fiber

Postmenopause
55í69 y
(1986í1990)

1.1 (p=.18)
Q3 vs Q1

0.66(0.44-0.99) p=0.4
1.07(0.76-1.51)
Q5 vs Q1

Cereal fiber

Age  15 y
(1967í1991)

Postmenopause
(1980í1987)

Postmenopause
(1991í2001)

Total fiber

Mattison, 2004
Sweden
342cases
(11,726)
Graham,
1992(Graham et al.
1992), US
344 cases(18,586)
Jarvinen 1997
(Jarvinen et al.
1997), Finland
88 cases(4697)
25y-follow-up
Verhoeven
1997(Verhoeven et
al. 1997)
Netherlands
650 cases(62,573)
4.3y follow-up
5,866 per-y
Terry 2002 (Terry
et al. 2002) Canada
2536 cases(89,835)
16.2 y follow-up
801,079 per-y

(Q5 vs Q1)
0.68(0.46-1.00) P=.093
0.76(0.49-1.18) P=0.3 adjusted VitA
0.74(0.47-1.17) P=0.3 adjusted beta-carotenoid
0.76(0.49-1.18) p=0.3
0.74(0.47-1.17) p=0.3
0.58(0.40-0.84)
p=0.056(Q5 vs Q1)

Fruit fiber

0.66(0.44-0.99) p=0.4
1.07(0.76-1.51)
Q5 vs Q1

Cereal fiber

Postmenopause
(1980í1987)

Total fiber

Postmenopause
(1991í2001)
(Q5 vs Q1)
0.68(0.46-1.00) P=.093
0.76(0.49-1.18) P=0.3 adjusted VitA
0.74(0.47-1.17) P=0.3 adjusted beta-carotenoid
0.76(0.49-1.18) p=0.3
0.74(0.47-1.17) p=0.3
0.58(0.40-0.84)
p=0.056(Q5 vs Q1)

Menopausal
status/age (year)
Mix, 40-59 y
(1982í1987)

Menopausal
status/age (year)
Mix, 40-59 y
(1982í1987)

Study, age, case
(cohort size)
Rohan 1993(Rohan
et al. 1993),
Canada
519 cases (56,837)

se

Table 18:Prospective studies of dietary fiber and breast cancer

rospective studies of dietary fiber and breast cancer

Age, BMI. Parity, region, occupation, and smoking

0.94(0.82í1.08)
P=.27

0.90(0.75í1.08)
P=.21
Q5 11,0 g/day vs. Q1

Vegetable fiber

Age, BMI, 2-year-time periods, total energy intake, alcohol intake,
parity, age at first birth, height, family history of breast cancer,
history of benign disease, age at menarche

Age, study center, treatment allocation, BMI, smoking, education,
physical activity, OC, PMH, Parity, history of benign breast
disease, history of breast self-exam, family history of breast cancer,
menopausal status, energy intake, alcohol, calcium, vitamin C,
vitamin E, folic acid, saturated fat

Age, energy intake, alcohol intake, history of benign breast
disease, family history of breast cancer, age at menarche, age at
menopause, age at first birth, parity

Age, BMI. Parity, region, occupation, and smoking

After adjusted Vit A
After adjusted beta-carotenoid
Age, diet interviewer, season of diet interview, method version,
change of dietary habits, total energy, PMH use,age at first birth,
height, waist, physical activity, age at menarche, education.
Additional adjustment for fat intake
Age, education

Age, energy intake, age at menarche, surgical menopause, age at
first birth, education, family history of breast cancer, history of
benign breast disease

All
ER+PR+
ER+PRí
ERíPRí

All
ER+PR+
ER+PRí
ERíPRí

1.08 (0.95í1.23)
1.17 (0.98í1.39)
1.24 (0.83í1.86)
0.78 (0.55í1.11)
Cereal fiber
Q5: >19.1 g/day vs.
Q1: <12.0
0.91(0.75-1.11)
0.99(0.77-1.29)
0.86(0.56-1.32)
0.69(0.39-1.24)

Continuous variable
1.00 (0.88í1.13)
1.15 (1.00í1.34)
0.82 (0.53í1.28)
0.78 (0.55í1.11)
Fruit fiber
Q5: >5.2 g/day vs.
Q1: <1.7
0.66(0.47-0.93)
0.62(0.39-0.97)
0.60(0.29-1.22)
0.50(0.18-1.39)

1.08 (0.92í1.26)
1.36 (1.10í1.67)
1.01 (0.61í1.69)
0.65 (0.43í0.99)
Total fiber
Q5: >26.6 g/day vs.
Q1: <18.5
0.85(0.69-1.05)
0.85(0.64-1.13)
0.83(0.52-1.31)
0.94(0.49-1.80)

Suzuki 2006
Sweden (Paper III)
1,188 cases
(51,823)

1.08 (0.92í1.26)
1.36 (1.10í1.67)
1.01 (0.61í1.69)
0.65 (0.43í0.99)
Total fiber
Q5: >26.6 g/day vs.
Q1: <18.5
0.85(0.69-1.05)
0.85(0.64-1.13)
0.83(0.52-1.31)
0.94(0.49-1.80)

III)

Postmenopause
(1990í2002)
All / 324 case
ER+PR+ / 154
ER+PRí/ 39
ERíPRí/ 52
Postmenopause
(1987í2004)

73)

Postmenopause
(1990í2002)
All / 324 case
ER+PR+ / 154
ER+PRí/ 39
ERíPRí/ 52
Postmenopause
(1987í2004)
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les

Giles 2006 (Giles
et al. 2006),
Australia
324 cases (12,273)

Continuous variable

1.08 (0.95í1.23)
1.17 (0.98í1.39)
1.24 (0.83í1.86)
0.78 (0.55í1.11)
Cereal fiber
Q5: >19.1 g/day vs.
Q1: <12.0
0.91(0.75-1.11)
0.99(0.77-1.29)
0.86(0.56-1.32)
0.69(0.39-1.24)

1.00 (0.88í1.13)
1.15 (1.00í1.34)
0.82 (0.53í1.28)
0.78 (0.55í1.11)
Fruit fiber
Q5: >5.2 g/day vs.
Q1: <1.7
0.66(0.47-0.93)
0.62(0.39-0.97)
0.60(0.29-1.22)
0.50(0.18-1.39)

68
1.07 (0.95í1.20)
1.13 (0.97í1.32)
1.14 (0.81í1.61)
0.83 (0.58í1.19)
Vegetable fiber
Q5: >2.67 g/day vs.
Q1: <0.93
0.92(0.72-1.18)
0.85(0.61-1.18)
1.03(0.59-1.80)
0.84(0.40-1.77)

68

1.07 (0.95í1.20)
1.13 (0.97í1.32)
1.14 (0.81í1.61)
0.83 (0.58í1.19)
Vegetable fiber
Q5: >2.67 g/day vs.
Q1: <0.93
0.92(0.72-1.18)
0.85(0.61-1.18)
1.03(0.59-1.80)
0.84(0.40-1.77)
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Age, country of birth, total energy intake, PMH

Age, height, BMI, education, parity, age at first
menarche, age at menopause, type of menopause, us
of PMH, family history of breast cancer, history of
disease, total energy intake, dietary fiber intake (cer
vegetable fibers were mutually adjusted), total fat inta
vegetables intake, alcohol intake.

Age, height, BMI, education, parity, age at first birth, age at
menarche, age at menopause, type of menopause, use of OC, use
of PMH, family history of breast cancer, history of benign breast
disease, total energy intake, dietary fiber intake (cereal, fruit, and
vegetable fibers were mutually adjusted), total fat intake, fruits and
vegetables intake, alcohol intake.

Age, country of birth, total energy intake, PMH

1 the
Horn)

2001
n
2001)
Population based casecontrol
(1990-1995)

Population based casecontrol
(non-Asian)

Nested case-control
(1977-1985)
9 years follow-up
1,326 cases
1,657 controls

88 cases
268 controls
(14,697)

Cases
controls

144 cases
144 controls

Study design
(years of study)

Population based casecontrol
(1992-1994)

Ingram 1997 Australia
(Ingram et al. 1997)

55 cases

Study published year
country(reference)

Post
post
All
All
All

Mix
Mix
Mix
Mix
Mix

All
All
All
All
All

All
ER

1.43(0.79-2.59)
Data not shown

69

Nested case-control
(1977-1985)
9 years follow-up

88 cases
268 controls
(14,697)

All
All
All
All
All

25-75 y

Mix
Mix
Mix
Mix
Mix

0.27 (0.1-0.69)
0.73(0.33-1.64)
0.36(0.15-0.86)
2.18(0.83-5.76)
5.39(1.86-15.61)

All
All
All

0.38(0.18-0.77)
0.42(0.10-1.77)
0.50(0.19-1.28)

1,326 cases
1,657 controls

1.1(0.89-1.50)
0.99(0.97-1.02)
1.3(1.0-1.6)
1.08(0.99-1.18)
1.3(1.0-1.6)
1.06(0.98-1.14)

Population based casecontrol
(non-Asian)

0.009
0.29
0.013
0.31

0.03
0.18
0.10

0.25
All
ER

1.1(0.89-1.50)
0.99(0.97-1.02)
1.3(1.0-1.6)
1.08(0.99-1.18)
1.3(1.0-1.6)
1.06(0.98-1.14)

0.38(0.18-0.77)
0.42(0.10-1.77)
0.50(0.19-1.28)

Post
post

Estimated lignans
(plant or mammalian)

69

1.43(0.79-2.59)
Data not shown

Age, age at men
total fat intake,
Urinary excretion, nmol/24h
Equol:. Q4: >185 vs. Q1: 70
Enterodiol: Q4: >480 vs. Q1: 170
Enteroractone: . Q4: >5250 vs. Q1: 1450
MATA: Q4: >42 vs. Q1: 17
Plasma enterolactone, nmol/L
BMI, age at me
Q5 vs. Q1(13.75)
PMH, hours of
Age, age at menarche, age at first full term of pregnancy, use
PMH, family history of breast cancer, history of benign brea
education, alcohol intake, smoking, physical activity, WHR,
Serum enterolactone, nmol/L
Q4: >34.80 vs. Q1:<6.19
Q4: >30.03 vs. Q1:<5.48
Q4: >37.65 vs. Q1:<6.30
Age, race/ethnicity, age at menarche, parity, lactation, histor
breast disease, family history of breast cancer, education, me
BMI, PMH, daily caloric intake.
FFQ based estimated intake ,µg/day
MATA: Q4:50 vs. Q1:<18
MATA:100,µg/day
SECO: Q4:176 vs. Q1:<75
SECO:100,µg/day
Lignans(SECO+MATA): Q4:224 vs. Q1:<104
SECO+MATA:100,µg/day
Batch in the biochemical analyses and known risk factors for
(no detailed information: perhaps, age at second examination
menarche, age at first birth, age at menopause, BMI, parity, b
disease, family history of breast cancer, use of estrogen supp
smoking )
Urinary excretion, enterolactone/creatinine ,nmol/mol
T3:>656 vs. T1:<379 (two overnight urinary sample)
(no difference from the one in the complete cohort in the tex
55 cases

P
value

50-64 y
post

All
All
All
All

Mix
Pre
Post
35-79 y

30-84y

RR (95% CI)

den Tonkelaar 2001
Netherland (den
Tonkelaar et al. 2001)

50-64 y
post
Type of
tumor

Horn-Ross 2001 the
United States (HornRoss et al. 2001)

Mix
Mix
Mix
Mix
Post

25-75 y

Mix
Pre
Post
35-79 y

194 cases
208 control

0.27 (0.1-0.69)
0.73(0.33-1.64)
0.36(0.15-0.86)
2.18(0.83-5.76)
5.39(1.86-15.61)

Menopausal
status

Population based casecontrol
(1990-1995)

144 cases
144 controls

All
All
All
All

Population based casecontrol
(1992-1994)

Mix
Mix
Mix
Mix
Post

ustralia
997)
RR (95% CI)

Cases
controls

30-84y

Type of
tumor

Study design
(years of study)

Prospective

194 cases
208 control

Menopausal
status

d year
nce)

Hulten (1998)
Sweden
Pietinen 2001 Finland
(Pietinen et al. 2001)

inland
2001)
Prospective
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Adjusted facto

0.25

0.03
0.18
0.10

0.009
0.29
0.013
0.31

P
value

Adjusted factors

Age, age at menarche, alcohol,
total fat intake,
Urinary excretion, nmol/24h
Equol:. Q4: >185 vs. Q1: 70
Enterodiol: Q4: >480 vs. Q1: 170
Enteroractone: . Q4: >5250 vs. Q1: 1450
MATA: Q4: >42 vs. Q1: 17
Plasma enterolactone, nmol/L
BMI, age at menarche, use of
Q5 vs. Q1(13.75)
PMH, hours of fasting
Age, age at menarche, age at first full term of pregnancy, use of OC, use of
PMH, family history of breast cancer, history of benign breast disease,
education, alcohol intake, smoking, physical activity, WHR, BMI
Serum enterolactone, nmol/L
Q4: >34.80 vs. Q1:<6.19
Q4: >30.03 vs. Q1:<5.48
Q4: >37.65 vs. Q1:<6.30
Age, race/ethnicity, age at menarche, parity, lactation, history of benign
breast disease, family history of breast cancer, education, menopausal status,
BMI, PMH, daily caloric intake.
FFQ based estimated intake ,µg/day
MATA: Q4:50 vs. Q1:<18
MATA:100,µg/day
SECO: Q4:176 vs. Q1:<75
SECO:100,µg/day
Lignans(SECO+MATA): Q4:224 vs. Q1:<104
SECO+MATA:100,µg/day
Batch in the biochemical analyses and known risk factors for breast cancer
(no detailed information: perhaps, age at second examination, age at
menarche, age at first birth, age at menopause, BMI, parity, benign breast
disease, family history of breast cancer, use of estrogen supplementation,
smoking )
Urinary excretion, enterolactone/creatinine ,nmol/mol
T3:>656 vs. T1:<379 (two overnight urinary sample)
(no difference from the one in the complete cohort in the text).

Estimated lignans
(plant or mammalian)

the
McCann

n et al.

the
McCann
Population based casecontrol
(1986-1991)

Nested case-control
(from 3 cohorts)
(1985-2000)

Population based casecontrol
(1996-2001)

711 cases
143 in-situ
(111,526)
222,249 per-y

21-103y

Population based casecontrol
(1996-1998)

301/316
439/494
38/38
58/48

Pre
Post
Pre
Pre

59/55

Post

52/47
248 cases
492 controls

Post
Mean
51y, 58y

Prospective cohort
(1995-1996)

a (Dai

1,122 cases
2,036 controls

315/593
807/1,443

Horn-Ross, 2002 the
United States (HornRoss et al. 2002)

250 cases
250 controls

250 pairs
250 pairs
250 pairs
132 pairs
118 pairs
207 cases
188 controls

Mix
Mix
35-79y

pre
post

Population based casecontrol
(1996-1998)

250 cases
250 controls

25-64 y

Mix
Mix
Mix
Pre
Post

Dai 2002, China (Dai
et al. 2002)

All
All

1.1(0.8-1.4)
1.4(1.0-1.8)

711 cases
143 in-situ
(111,526)
222,249 per-y

Mix
Mix

ontinued): Epidemiological studies of lignans and breast cancer

Prospective cohort
(1995-1996)
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02 the
Horn2)
21-103y

Mix
Mix
All
All

25-64 y

All
All
All
All
All

1.1(0.7-1.7)
1.8(1.4-4.3)

0.66(0.44í0.98)
0.93(0.71í1.22)

70

Population based casecontrol
(1996-2001)

McCann 2004 the
United States (McCann
et al. 2004)

315/593
807/1,443

1,122 cases
2,036 controls

Post
Mean
51y, 58y

52/47
248 cases
492 controls

<0.01
<0.01
<0.01
<0.01
<0.01
pre
post

Mix
Mix
35-79y

Post

59/55

n.s
n.s

0.61(0.22-1.69)
0.62(0.23-1.71)

A1A2,A2A2
A1A1

70

0.66(0.44í0.98)
0.93(0.71í1.22)

1.1(0.7-1.7)
1.8(1.4-4.3)

0.2
0.02

Nested case-control
(from 3 cohorts)
(1985-2000)

Pre
Post
Pre
Pre

0.40(0.24-0.64)
0.42(0.25-0.69)
0.43(0.26-0.71)
0.24(0.12-0.50)
0.62(0.31-1.26)

301/316
439/494
38/38
58/48

1.1(0.8-1.4)
1.4(1.0-1.8)

Hulten 2002
Sweden (Hulten et al.
2002)

McCann 2002 the
United States (McCann
et al. 2002)

<0.01
<0.01
<0.01
<0.01
<0.01

0.2
0.02

<0.05
n.s
<0.05
n.s

>0.69 vs. <0.50
Age, date of blood sampling, sampling center. BMI. Smoki
status
Plasma enterolactone, nmol/L
Q4:>27.4 vs. Q1:<10.2
87.5-100 % vs. 25-75%
Age, education, race, BMI,age at menarche, parity, age at fi
of benign breast disease, family history of breast cancer, sm
energy, (age at menopause for postmenopausal women)
FFQ based estimated intake (SECO +MATA , µg/day)
Q4: >678 vs. Q1: <329
Q4: >713 vs. Q1: <337

0.49(0.32-0.75)
0.72(0.51-1.02)
0.12(0.03-0.50)
0.71(0.24-2.08)

>0.69 vs. <0.50

n.s

CYP17
All
All
A1A2,A2A2
A1A1

n.s

0.62(0.23-1.71)

Population based casecontrol
(1986-1991)

0.61(0.22-1.69)

A1A1
0.40(0.24-0.64)
0.42(0.25-0.69)
0.43(0.26-0.71)
0.24(0.12-0.50)
0.62(0.31-1.26)

A1A2,A2A2
All
All
All
All
All

<0.05
n.s
<0.05
n.s

Mix
Mix
Mix
Pre
Post

0.49(0.32-0.75)
0.72(0.51-1.02)
0.12(0.03-0.50)
0.71(0.24-2.08)

250 pairs
250 pairs
250 pairs
132 pairs
118 pairs
207 cases
188 controls

CYP17
All
All
A1A2,A2A2
A1A1

Age, race, daily caloric intake, family history of breast cance
menarche, nulliparity/age at first full-term pregnancy, physi
interaction term fro BMI and menopausal status
FFQ based estimated, µg/day
MATA: Q5:>33 vs.Q1:<12
SECO: Q5:>121 vs.Q1:<48
The effect of SECO was disappeared after adjustment for co
wine RR 1.2 (0.9-1.6)
Age, menopausal status,date of sample collection. Adjusted
birth, ever diagnosed with fibroadenoma, total meat intake,
level
Urinary excretion
Lignans T3 vs. T1 (enterolactone + enterodiol)
enterolactone T3 vs. T1
enterodiol T3 vs. T1
Lignanss T3 vs. T1 (enterolactone + enterodiol)
Lignans T3 vs. T1 (enterolactone + enterodiol)
Age, county of residence, education, parity, BMI, benign br
family history of breast cancer, age at menarche, total energ
menopause for postmenopausal women)
FFQ based estimated intake (enterolactone + enterodiol) (P
Duphorne et al. 1999)
High vs. Low , mg/day
>0.67 vs. <0.46
>0.67 vs. <0.46
>0.69 vs. <0.50
>0.69 vs. <0.50

>0.69 vs. <0.50
Age, date of blood sampling, sampling center. BMI. Smoking, menopausal
status
Plasma enterolactone, nmol/L
Q4:>27.4 vs. Q1:<10.2
87.5-100 % vs. 25-75%
Age, education, race, BMI,age at menarche, parity, age at first birth, history
of benign breast disease, family history of breast cancer, smoking, total
energy, (age at menopause for postmenopausal women)
FFQ based estimated intake (SECO +MATA , µg/day)
Q4: >678 vs. Q1: <329
Q4: >713 vs. Q1: <337

>0.69 vs. <0.50

Age, race, daily caloric intake, family history of breast cancer, age at
menarche, nulliparity/age at first full-term pregnancy, physical activity, an
interaction term fro BMI and menopausal status
FFQ based estimated, µg/day
MATA: Q5:>33 vs.Q1:<12
SECO: Q5:>121 vs.Q1:<48
The effect of SECO was disappeared after adjustment for consumption of
wine RR 1.2 (0.9-1.6)
Age, menopausal status,date of sample collection. Adjusted for age at first
birth, ever diagnosed with fibroadenoma, total meat intake, physical activity
level
Urinary excretion
Lignans T3 vs. T1 (enterolactone + enterodiol)
enterolactone T3 vs. T1
enterodiol T3 vs. T1
Lignanss T3 vs. T1 (enterolactone + enterodiol)
Lignans T3 vs. T1 (enterolactone + enterodiol)
Age, county of residence, education, parity, BMI, benign breast disease,
family history of breast cancer, age at menarche, total energy intake, (age at
menopause for postmenopausal women)
FFQ based estimated intake (enterolactone + enterodiol) (Pillow,
Duphorne et al. 1999)
High vs. Low , mg/day
>0.67 vs. <0.46
>0.67 vs. <0.46
>0.69 vs. <0.50
>0.69 vs. <0.50

a 2004
antos
4)

uotte
d States
quotte et

278 cases
666 controls

24-52y
pre

Nested case-control
(1993-1997)

Population based casecontrol
(south Asian women
living in England)
(1995-1999)

240 cases
477 controls

Nested case-control
(1985-1991)

417 cases
(14,275 )

Population based casecontrol
(1992-1995)

nmark
04)

Linseisen 2004
Germany
(Linseisen et al. 2004)

381 cases
381 controls

Nested case-control
(1993-1997)

34-65 y
All

Post
ER+

Post

ERí

0.77(0.51í1.15)
0.55(0.36í0.85)
0.77(0.48í1.24)
0.67(0.41í1.08)
0.61(0.25í1.53)
0.26(0.09í0.77)

0.62(0.39-1.00)
0.69(0.42-1.13)
0.66(0.41-1.07)
0.69(0.40-1.18)
0.82(0.48-1.41)
0.75(0.44-1.29)

1.0(0.5-2.1)

71

240 cases
477 controls

0.93(0.86í1.01)
0.97(0.88í1.06)
0.71(0.53í0.94)

ERí
0.034
0.008
0.034

ER+

0.61(0.39-0.98)
0.57(0.35-0.92)
0.61(0.39-0.98)

Post

0.65
0.025
0.84

0.08
0.16
0.09

0.95
0.62(0.39-1.00)
0.69(0.42-1.13)
0.66(0.41-1.07)
0.69(0.40-1.18)
0.82(0.48-1.41)
0.75(0.44-1.29)

0.77(0.51í1.15)
0.55(0.36í0.85)
0.77(0.48í1.24)
0.67(0.41í1.08)
0.61(0.25í1.53)
0.26(0.09í0.77)

1.12(0.73-1.73)
0.58(0.37-0.94)
1.10(0.72-1.70)

Post

0.93(0.86í1.01)
0.97(0.88í1.06)
0.71(0.53í0.94)

Population based casecontrol
(south Asian women
living in England)
(1995-1999)

All
ER+
ERí
All

50-64 y

Post

All
All
All
All
ER+
ERí

All
All
All

Post
Post
Post

50-64 y

0.61(0.39-0.98)
0.57(0.35-0.92)
0.61(0.39-0.98)

24-52y
pre

dos Santos Silva 2004
England (dos Santos
Silva et al. 2004)

Post

381 cases
381 controls

Post
Post
Post

Olsen 2004 Denmark
(Olsen et al. 2004)

pre
pre
pre

All
All
All

1.12(0.73-1.73)
0.58(0.37-0.94)
1.10(0.72-1.70)

pre
pre
pre

pre
pre
pre

All
All
All

278 cases
666 controls

pre
pre
pre

. 2004)
Population based casecontrol
(1992-1995)
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0.09
0.45
0.02

Zeleniuch-Jacquotte
2004 the United States
(Zeleniuch-Jacquotte et
al. 2004)

Nested case-control
(1985-1991)

417 cases
(14,275 )

34-65 y

71

1.0(0.5-2.1)

Family history of breast cancer, number of birth, duration of
energy intake, BMI, alcohol intake, and education.
FFQ based estimated intake (based on case information)
SECO: Q4 >1409 vs.Q1 <275.2 µg/day
MATA: Q4 >37.6 vs.Q1 <19.5, µg/day
SECO + MATA: Q4 >1428.2 vs. Q1 <302.5, µg/day
Calculated metabolites(fecal) based estimated intake
Enterodiol: Q4 >554.9 vs. Q1 <235.2 , µg/day
Enterolactone:Q4 >445.7 vs. Q1 <226.9, µg/day
Intestinal lignans metabolite:
Q4. >1109.8 vs. Q1 <470.4 , µg/day
Age, PMH use, education, intake of alcohol, parity, age at fi
duration of PMH use, BMI, smoking
Plasma enterolactone
20nmol/L increment
20nmol/L increment
20nmol/L increment
Q4s of serum EL (nmol/L)
0.1 í14.4 (lowest) vs. 14.5í28.1(ref)
48.0í454.6 (highest) vs. 14.5í28.1(ref)
0.1 í14.4 (lowest) vs. 14.5í28.1(ref)
48.0í454.6 (highest) vs. 14.5í28.1(ref)
0.1 í14.4 (lowest) vs. 14.5í28.1(ref)
48.0í454.6 (highest) vs. 14.5í28.1(ref)
Age, age at menarche, age at first birth, parous, parity, breas
family history of breast cancer, menopausal status, time sinc
education.
FFQ based estimated, µg/day
SECO: Q4:225 vs. Q1:<80
MATA: Q413.3 vs. Q1<4.9
SECO+MATA: Q4236 vs. Q1:<85
Further adjustm
SECO: Q4:225 vs. Q1:<80
with the above
MATA: Q413.3 vs. Q1<4.9
SECO+MATA: Q4236 vs. Q1:<85
Age at menarche, family history of breast cancer, nulliparity
full-term pregnancy, height, BMI, menopausal status, age at
enrollment, and if premenopausal, day of menstrual cycle at
blood donation.
Serum enterolactone level , nmol/L
Q4: 29.08 vs. Q1:5.4

0.95

0.08
0.16
0.09

0.09
0.45
0.02

0.034
0.008
0.034

0.65
0.025
0.84

Family history of breast cancer, number of birth, duration of breast feeding,
energy intake, BMI, alcohol intake, and education.
FFQ based estimated intake (based on case information)
SECO: Q4 >1409 vs.Q1 <275.2 µg/day
MATA: Q4 >37.6 vs.Q1 <19.5, µg/day
SECO + MATA: Q4 >1428.2 vs. Q1 <302.5, µg/day
Calculated metabolites(fecal) based estimated intake
Enterodiol: Q4 >554.9 vs. Q1 <235.2 , µg/day
Enterolactone:Q4 >445.7 vs. Q1 <226.9, µg/day
Intestinal lignans metabolite:
Q4. >1109.8 vs. Q1 <470.4 , µg/day
Age, PMH use, education, intake of alcohol, parity, age at first birth,
duration of PMH use, BMI, smoking
Plasma enterolactone
20nmol/L increment
20nmol/L increment
20nmol/L increment
Q4s of serum EL (nmol/L)
0.1 í14.4 (lowest) vs. 14.5í28.1(ref)
48.0í454.6 (highest) vs. 14.5í28.1(ref)
0.1 í14.4 (lowest) vs. 14.5í28.1(ref)
48.0í454.6 (highest) vs. 14.5í28.1(ref)
0.1 í14.4 (lowest) vs. 14.5í28.1(ref)
48.0í454.6 (highest) vs. 14.5í28.1(ref)
Age, age at menarche, age at first birth, parous, parity, breast feeding,
family history of breast cancer, menopausal status, time since menopause,
education.
FFQ based estimated, µg/day
SECO: Q4:225 vs. Q1:<80
MATA: Q413.3 vs. Q1<4.9
SECO+MATA: Q4236 vs. Q1:<85
Further adjustment for NSP,
SECO: Q4:225 vs. Q1:<80
with the above adjusted factors
MATA: Q413.3 vs. Q1<4.9
SECO+MATA: Q4236 vs. Q1:<85
Age at menarche, family history of breast cancer, nulliparity and age at first
full-term pregnancy, height, BMI, menopausal status, age at entry, date of
enrollment, and if premenopausal, day of menstrual cycle at the time of
blood donation.
Serum enterolactone level , nmol/L
Q4: 29.08 vs. Q1:5.4
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rmany
Claude
Population based casecontrol
(1996-2001)
851 cases
2,036 controls

Population based casecontrol
(1992-1995)

220 cases
237 controls
(70/ 61%)

49-70 y
Post
(75%)

Hospital based
case-case
(1998-2000)

Touillaud 2005 the
United States
(Touillaud et al. 2005)

Hospital based
case-case
(1998-2000)
124 cases
(88 cases ER+
36 cases ER-)

Pre
Pre
Post
Post

Pre

0.88(0.52í1.47)
0.48(0.25í0.95)
1.05(0.76í1.43)
0.78(0.46í1.33)

220 cases
237 controls
(70/ 61%)

Population based casecontrol
(1992-1995)

Piller 2006, Germany
(Piller, Chang-Claude
et al. 2006)

All
ER/PR

851 cases
2,036 controls

ER+
ERí
ER+
ERí

Population based casecontrol
(1996-2001)
ER+
ERí
ER+
ERí
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0.38(0.17-0.85)*
Data not shown
Pre

P=.59
P=.03
P=.79
P=.71

0.007
NS

0.38(0.17-0.85)*
Data not shown

0.06

0.88(0.52í1.47)
0.48(0.25í0.95)
1.05(0.76í1.43)
0.78(0.46í1.33)

0.70(0.46-1.09)

compared risk with
ERí vs. ER+

All
ER/PR

0.65(0.29-1.45)
0.75(0.34-1.68)
0.59(0.26-1.37)
1.67(0.74-3.79)
1.68(0.74-3.79)
0.49(0.22-1.11)
Pre
Pre
Post
Post

28-52 y
Pre

McCann 2006 the
United States (McCann
et al. 2006)

Pre
Pre
Pre
Pre
Pre
Pre
35í79 y
0.65(0.29-1.45)
0.75(0.34-1.68)
0.59(0.26-1.37)
1.67(0.74-3.79)
1.68(0.74-3.79)
0.49(0.22-1.11)

compared risk with
ERí vs. ER+

49-70 y
Post
(75%)

Pre
Pre
Pre
Pre
Pre
Pre
35í79 y

28-52 y
Pre

0.70(0.46-1.09)

280 cases
(15,555)
80,215 person-y

124 cases
(88 cases ER+
36 cases ER-)
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280 cases
(15,555)
80,215 person-y

. 2005)

Prospective cohort

the

Keinan-Boker 2004
Netherland (KeinanBoker et al. 2004)

2004
inan04)

0.06

P=.59
P=.03
P=.79
P=.71

0.007
NS
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Age at entry, age at first full term of delivery, height, weight
physical activity, use of OC, use of PMH, marital status, edu
energy intake
FFQ based estimate
Q4: 1.36-79.08 mg/day vs :Q1: 0.10-0.84 mg/day
Age, ethnicity, BMI, caloric intake. (OR compares risk of di
ER- cancer with risk of ER+ cancer: OR is calculated in asso
low dietary intake group (<median) compared with high inta
(median).)
FFQ based, median value for ER+/ERí, µg
Mammalian lignans:. 224/ 265 vs.<
Enterolactone: 128/154 vs. <
Enterodiol: 92/109 vs. <
Lignans (SECO+MATA):  3159/2702 vs. <
SECO: < vs. 3,121/2,559
MATA: < vs.  28/67
Total energy, age, education, race, age at menarche, age at fi
BMI, history of benign disease, and family history of breast
FFQ based estimated (SECO+MATA only)
>673 vs. <329
>673 vs. <329
>713 vs. <337
>713 vs. <337
Age, family history of breast cancer, number of births, durat
feeding, age at menarche, use of OC, alcohol intake, BMI, ed
time-resolved fluoroimmunoassay analysis, time difference b
and day of blood sampling
Plasma enterolactone,nmol/L
Q4:>14.0 vs. Q1:<2.4

Age at entry, age at first full term of delivery, height, weight, parity,
physical activity, use of OC, use of PMH, marital status, education, daily
energy intake
FFQ based estimate
Q4: 1.36-79.08 mg/day vs :Q1: 0.10-0.84 mg/day
Age, ethnicity, BMI, caloric intake. (OR compares risk of diagnosis with
ER- cancer with risk of ER+ cancer: OR is calculated in association with
low dietary intake group (<median) compared with high intake group
(median).)
FFQ based, median value for ER+/ERí, µg
Mammalian lignans:. 224/ 265 vs.<
Enterolactone: 128/154 vs. <
Enterodiol: 92/109 vs. <
Lignans (SECO+MATA):  3159/2702 vs. <
SECO: < vs. 3,121/2,559
MATA: < vs.  28/67
Total energy, age, education, race, age at menarche, age at first birth, parity,
BMI, history of benign disease, and family history of breast cancer
FFQ based estimated (SECO+MATA only)
>673 vs. <329
>673 vs. <329
>713 vs. <337
>713 vs. <337
Age, family history of breast cancer, number of births, duration of breast
feeding, age at menarche, use of OC, alcohol intake, BMI, education, day of
time-resolved fluoroimmunoassay analysis, time difference between surgery
and day of blood sampling
Plasma enterolactone,nmol/L
Q4:>14.0 vs. Q1:<2.4

weden
Prospective cohort
(1987-2004)
Postmenopause

Population-based casecontrol
(1992-1995)

Prospective cohort
(1987-2004)
Postmenopause

Suzuki 2006 Sweden
(Paper IV)
1188 cases
(51,823)

219 cases
235 controls
(70/61%)

1,284 cases
(51,847)
0.52(0.16-1.77)
0.53(0.21-1.23)
0.01(0.00-0.21)
0.96(0.34-2.71)
0.65(0.31-1.39)
0.21(0.05-0.88)
0.60(0.23-1.56)
1.00(0.48-2.07)
0.31(0.09-1.09)
0.47(0.18-1.26)
0.85(0.30-1.80)
0.27(0.07-1.00)

219 cases
235 controls
(70/61%)

Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre

Post
Post
Post
Post

All
ER+PR+
ER+PRER-PR-

1,284 cases
(51,847)

All
ER+PR+
ER+PRER-PR-

0.52(0.16-1.77)
0.53(0.21-1.23)
0.01(0.00-0.21)
0.96(0.34-2.71)
0.65(0.31-1.39)
0.21(0.05-0.88)
0.60(0.23-1.56)
1.00(0.48-2.07)
0.31(0.09-1.09)
0.47(0.18-1.26)
0.85(0.30-1.80)
0.27(0.07-1.00)

0.21
0.13
0.0015
0.34
0.29
0.012
0.14
0.78
0.08
0.20
0.7
0.038

1.12(0.85-1.46)
1.10(0.77-1.57)
1.23(0.69-2.19)
1.95(0.87-4.39)

.54
.50
.63
.14

73
73

1.12(0.85-1.46)
1.10(0.77-1.57)
1.23(0.69-2.19)
1.95(0.87-4.39)

CYP17
A1A1
A1A2
A2A2
A1A1
A1A2
A2A2
A1A1
A1A2
A2A2
A1A1
A1A2
A2A2

Post
Post
Post
Post

Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre

CYP17
A1A1
A1A2
A2A2
A1A1
A1A2
A2A2
A1A1
A1A2
A2A2
A1A1
A1A2
A2A2

Population-based casecontrol
(1992-1995)

Piller 2006, Germany
(Piller, Verla-Tebit et
al. 2006)
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Age, age at menarche, use of OC, family history of breast ca
births, duration of breast feeding, education, alcohol intake, B
Plasma enterolactone
Q4:>24.96 vs. Q1:<1.37 (median, nmol/L)

Enterolactone (calculated by fecal, median value for case/co
Q4:>445.2/452.8 vs. Q1<227.4/223.3 (µg/day)

Enterodiol (calculated by fecal, median value for case/contro
Q4:>553.0/577.5 vs. Q1:<234.7/241.6 (µg/day)

MATA (estimated intake, median value for case/control)
Q4:>37.7/38.6 vs. Q1:<19.6/20.5 ,µg/day

Age, height, BMI, education, parity, age at first birth, age at
at menopause, type of menopause, use of OC, use of PMH, f
breast cancer, history of benign breast disease, total energy i
fiber intake (cereal, fruit, and vegetable independently), total
fruits and vegetables intake, alcohol intake.
FFQ based estimated (SECO+MATA+ PINO+LARI)
Q5 >1082 vs. Q1 <676.2 µg/day
Q5 >1082 vs. Q1 <676.2 µg/day
Q5 >1082 vs. Q1 <676.2 µg/day
Q5 >1082 vs. Q1 <676.2 µg/day

.54
.50
.63
.14

0.21
0.13
0.0015
0.34
0.29
0.012
0.14
0.78
0.08
0.20
0.7
0.038

Age, height, BMI, education, parity, age at first birth, age at menarche, age
at menopause, type of menopause, use of OC, use of PMH, family history of
breast cancer, history of benign breast disease, total energy intake, dietary
fiber intake (cereal, fruit, and vegetable independently), total fat intake,
fruits and vegetables intake, alcohol intake.
FFQ based estimated (SECO+MATA+ PINO+LARI)
Q5 >1082 vs. Q1 <676.2 µg/day
Q5 >1082 vs. Q1 <676.2 µg/day
Q5 >1082 vs. Q1 <676.2 µg/day
Q5 >1082 vs. Q1 <676.2 µg/day

MATA (estimated intake, median value for case/control)
Q4:>37.7/38.6 vs. Q1:<19.6/20.5 ,µg/day

Enterodiol (calculated by fecal, median value for case/control)
Q4:>553.0/577.5 vs. Q1:<234.7/241.6 (µg/day)

Enterolactone (calculated by fecal, median value for case/control)
Q4:>445.2/452.8 vs. Q1<227.4/223.3 (µg/day)

Age, age at menarche, use of OC, family history of breast cancer, number of
births, duration of breast feeding, education, alcohol intake, BMI
Plasma enterolactone
Q4:>24.96 vs. Q1:<1.37 (median, nmol/L)

6 DISCUSSION
6.1

METHODOLOGICAL CONSIDERATION

6.1.1 Study design
‘Prospective Closed Cohort – open re-entry within a prospective closed cohort
The studies in this thesis were based on the prospectively collected data from the
population-based Swedish Mammography Cohort with approximately 17 years of
follow-up (from March 1987 through June 2004).
There are two types of cohorts, a closed cohort and an open cohort.
A closed (fixed) cohort comprises a fixed group of persons, and the start of
follow-up is defined as a fixed date during a certain period. In a closed cohort, once
follow-up starts, nobody can enter the cohort. The longer the follow-up, the smaller the
population size in the closed cohort because its members are censored as time advances
(i.e. die, move or get diagnoses of interest in the study). Therefore, the size of the
population always becomes smaller with time in a closed cohort.
In an open (dynamic) cohort, a new member may enter or leave the study cohort
at any time without making a compromise with the quality of the study design, unless
loss of follow-up is associated with both exposure and outcome. Therefore, an open
cohort comprises persons who meet the condition of study protocol, so that the size of
the population in that cohort may increase or decrease over time.
In the studies in this thesis, we applied a design which could be called an “open
re-entry within a closed cohort”, in order to focus on postmenopausal women. It means
that the Swedish Mammography Cohort by definition is a closed cohort. At baseline,
this cohort included both premenopausal and postmenopausal women. Therefore, to
limit our analyses on postmenopausal women in our studies we excluded all
premenopausal women at baseline and re-entered some of them into the cohort when
they became postmenopausal. This re-entry of study participants to the cohort at
anytime during follow-up resembles an open cohort design.
A valuable advantage of prospective studies is that the measurement of exposure
precedes the identification of the outcome. If loss of follow-up is few, it prevents some
kind of selection bias which may occur in case-control studies and recall bias.
Prospective studies also permit calculation of absolute risk estimates. In contrast casecontrol studies assess relative estimates for risk.
A crucial restriction on prospective studies is the difficulty of tracing the subjects
during the follow-up periods which usually involves more time and cost. Exposure of
interest is not always assigned at random. Furthermore, this study design requires a
large number of subjects if outcome is relatively rare.
6.1.2 Systematic and Random Errors
Major strengths of the studies in this thesis include prospective population-based cohort
design, the large number of cases with invasive breast cancer, and the exhaustive and
reliable identification of breast cancer cases through the Swedish cancer registries.
However, there are a number of specific types of errors and limitations to be taken into
account.
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We will discuss two general types of error, systematic error and random error. In
epidemiologic studies, both types of error could be subdivided into two different levels,
between persons and within a person.
Systematic errors would give an average deviation from actual value if the analyses
were performed repeatedly an infinite number of times with the same method.
Therefore, repeated measurement does not help eliminate this type of error. There are
several types of systematic error, such as information bias, selection bias, and
confounding.
1) Internal validity
Internal validity can be defined as the absence of systematic error within the study.
Information bias (Measurement error)
Information bias may occur when measurement and/or classifications of exposure or
disease are not accurate.
Misclassification of exposure
Insofar as we rely on the information coming from cohort members, there was a major
concern about the quality of information.
In this thesis, we evaluated exposure information on the basis of questionnaires from
cohort members, thus measurement error was inevitable.
In Paper I, III, and IV, we observed a statistically significant correlation between FFQ
estimated intake and estimated intake by dietary record and/or serum blood levels.
In Paper II, we indirectly used validated data of body weight, although lean subjects
have the tendency to overestimate their body size and obese subjects are likely to
underreport their body weight in this population (Kuskowska-Wolk, Karlsson et al.
1989). Furthermore, we also updated the exposure information in our statistical model
to reduce misclassification of exposure and to have better precision. However we had to
assume in our analyses that the exposure was constant over time with long follow-up
periods. Dietary habit is labile and changes with the increase of age, by day, and by
season, so that this assumption is counterfactual. Therefore, in nutritional observational
studies, some extent of misclassification of exposure should be always considered.
However, in a prospective cohort study, any measurement error of exposure is unlikely
to be related to the outcome; the probability of misclassification of exposure across
cases and non-cases tends to be similar. Non-differential misclassification might dilute
the true effect towards a null association. Therefore, our observed effect estimates may
underestimate true association.
Our questionnaires were relatively simple and included common food items consumed
in Sweden. Irrespective of these facts, the validities of specific nutrients such as dietary
fibers and lignans were acceptable compared to other previous similar studies. This
might indicate that a simple questionnaire with common food items may give us the
data valid enough to use for evaluating the association between nutrient intake and the
outcome of interest. Simplicity of questionnaires might contribute to high response rate,
and cost effectiveness of this study.
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Misclassification of disease
We used histologically confirmed incident cases of invasive breast cancer by linkage of
the cohort with the National and Regional Cancer registries (from March 1, 1987,
through June 30, 2004). The Swedish Cancer Registry is estimated to be 98% complete
(Mattson B 1984).
In this thesis, the breast cancer cases were subdivided by ER/PR status. The
amount of receptor contents was evaluated by two different assays and was classified
into different units. Therefore, the receptor status might suffer from a significant
misclassification. However, just as the misclassification of exposure, the
misclassification of disease is unrelated to the exposure in prospective cohort studies.
Non-differential misclassification of the disease might bias our results toward a null
association.
Selection bias
Selection bias may occur when the association between the exposure and the outcome
differs between the participants and the non participants in the study population.
Factors which affect the participation rate and the selection of exclusion categories in a
case-control study should be considered. In our studies, the response rates of FFQ87
and FFQ97 were relatively high (74% and 70% respectively). Generally, the cohort
design protects against selection bias in the estimation of rate ratio. Previous study
suggested that selection bias had only minor influence on FFQ based estimated alcohol
intake (Giovannucci, Stampfer et al. 1993). In our studies, however, selection bias
might be one of the important issues to be considered due to unknown receptor status in
relation to alcohol intake. In Paper I, a prevalence of non-drinkers was more common
among breast cancer patients with unknown receptors than those with known receptors.
Nevertheless, this dependency was confined to the older age group (> 70y), and thus
we excluded that group. ER status is generally positively associated with increased age.
Therefore, we performed a sensitivity analysis among the Uppsala County sub-cohort
including women with age 70 or older. Among that sub-cohort, the distribution of case
patients by ER/PR status across levels of alcohol intake was not heterogeneous. The
results from this sub-cohort did not differ from our main results. Therefore, bias due to
unknown receptors status in breast cancer cases did not seem to affect our main results.
However, our results should still be carefully interpreted while considering other
possible selection bias, which we did not recognize but might be related ER/PR assay
or dietary pattern (e.g. age, alcohol and PMH use).
Confounding
Confounding is one of the important validity issues for observational studies.
Confounding is the distortion of a measured association (a relative risk estimate)
between exposure and outcome generated by other factors (i.e confounder) that are
independently associated with both exposure and outcome under investigation.
In nutritional observational studies, intake of various food items and that of estimated
nutrients are often correlated. Therefore, it is extremely difficult to specify confounders
for analyses and interpret the observed associations.
In this thesis, dietary fiber, especially cereal fiber and dietary lignans were
statistically significantly correlated because their food product source is similar.
Lignans might be a kind of layer component of lignin (a type of fiber), but they are
different substances. In terms of mathematics, however, there is little distinction
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between cereal fiber and dietary lignans. They might be potential confounders of each
other. However, if we assume (or speculate) that lignans are likely to be in the causal
pathway between cereal fiber and breast cancer, dietary lignans should not be
considered as actual confounder, or vise versa. It is difficult to distinguish the effect of
dietary fiber from that of dietary lignans. In Paper III, we did not adjust dietary lignans
in our model for the evaluation of the effect estimates of dietary fiber, because we
could not observe any association between dietary lignans and breast cancer. In Paper
IV, we added both dietary fiber and dietary lignans in the model simultaneously for the
evaluation of the effect estimates of dietary lignans in relation to breast cancer. Because
of a statistically significant inverse association between fruits fibers intake and breast
cancer in Paper III, we assumed that specific dietary fibers could be potential
confounders for this investigation. In a conservative way, we tested both models with
and without adjustment of dietary fiber in Paper IV. In both results, we observed no
significant associations for any tumor subtypes, although confidence intervals became
wider with the adjustment of fiber. Our main results may not be significantly affected
by dietary fiber as a potential confounder.
2) External validity
The population-based observational studies require consideration of external validity,
provided that the internal validity is reasonable. As long as we use the information
coming from cohort subjects, frequency of response should be considered. In our
studies, the response rates of FFQ87 and that of FFQ97 were relatively high.
The study participants in this thesis were selected from the general population. In
the baseline cohort, 74% of women participated. In this thesis, we focused on
postmenopausal women. In Paper I, the intake of alcohol in our cohort was relatively
low. At baseline, the median alcohol consumption was 3.4 g of ethanol /day among
drinkers, 2.2 g of ethanol/day among all study participants. In the Nurses Health Study,
the median alcohol consumption was 1.8 g/day among postmenopausal women at
baseline 1982 (Chen, Colditz et al. 2002). The prevalence of obesity is 11% in Swedish
women (2002), 11% in our cohort. The prevalence of PMH use was 37 % in this cohort
and over 40% among 54 y women in other Swedish population (Thunell, Stadberg et
al. 2005). Among our cohort, the median intake diet is 22.5 g/day for total fiber, 16.2
g/day (72.5 % of total fiber) for cereal fiber, 2.9 g/day (14.9 %) for fruit fiber, 1.3 g/day
(6.9 %) for vegetable fiber, and 869.5 µg/day for dietary lignans. The main source of
dietary fiber in Sweden is cereal fiber. Among the Malmö Diet Cancer cohort, the
median intake diet is 18.4 g/day for total fiber (Mattisson, Wirfalt et al. 2004).
It is unclear whether our results are generalizable to other populations, especially
those with higher alcohol consumption and/or with consuming dietary fiber not mainly
from cereal, such as the population of the United States and Asian countries.
3) Precision
In the cohort studies, the precision of the effect estimates increases as the size of study
and the number of outcome events (rather than the amount of person-time) increase.
One of the strengths of the studies in this thesis is its large sample size. The number of
cases is relatively large, because breast cancer is the most common malignancy among
Swedish women (2006). In the SMC cohort, the exposure information was collected
twice in 1987-1990 (baseline) and 1997. In our analyses, we updated the exposure
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information with a cumulative average method in order to reduce within-person
random errors and take into account changes over time in the exposure (Willett 1998;
Hu, Stampfer et al. 1999). After applying repeated measurements, we obtained
narrower confidence intervals. These factors may reduce random errors and help
achieve the effect estimates with good precision.
4) Statistical Power
The factors for determination of statistical power of cohort study were the size of study,
the number of cases, the prevalence of exposure, and the level of misclassification of
exposure. One of the important factors for the strength of statistical power in a cohort
study is a large variation in the exposure of interest. This variation should not be
generated by non-differential exposure misclassification or random within personvariation, which leads to biased risk estimates toward null association and lower
precision. We have a large study population, a long follow-up and a lot of breast cancer
patients. However, after defined ER/PR status of the tumors, the number of breast
cancer cases for ERíPRí tumors was limited, so that our results for this tumor
subtypes should be carefully interpreted, especially in stratified analyses by other
factors.
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6.2

INTERPRETATION AND IMPLICATION

6.2.1 Paper I: Alcohol intake
In a large prospective cohort study in Sweden, we observed a statistically significant
positive association between alcohol consumption and increased risk for the
development of postmenopausal ER(+) tumors, but not for ER(í) tumors.
These results indicated that the effect of alcohol consumption on postmenopausal breast
cancer risk may be mediated through the ER-signaling pathway.

Previous epidemiological studies

The results from previous epidemiological studies on alcohol intake and ER/PR defined
breast cancer risk í from seven case-control studies (Cooper et al. 1989; Nasca et al.
1994; Yoo et al. 1997; Enger et al. 1999; Huang et al. 2000; Cotterchio et al. 2003a; Li,
Malone, Porter, Weiss, Tang and Daling 2003), two cohort studies, the Iowa Women’s
Health Study (Gapstur, Potter et al. 1995; Potter et al. 1995), and the Nurses’ Health
Study cohort (Chen et al. 2002; Colditz et al. 2004) í are inconsistent. The positive
association between alcohol intake and ER+ breast tumors observed in our study is in
agreement with three case-control studies (Nasca et al. 1994; Enger et al. 1999; Li,
Malone, Porter, Weiss, Tang and Daling 2003), but not with four others (Cooper et al.
1989; Yoo et al. 1997; Huang et al. 2000; Cotterchio et al. 2003a), and one cohort study
(Potter et al. 1995). Among the last five studies, one relatively large study encompassed
1,774 case patients and 2,311 control subjects, but its assay method for evaluating ER
and PR status was not standardized (Cotterchio et al. 2003a). The relatively small size
(from 238 to 610 postmenopausal case patients with known receptor status) of the other
studies (Cooper et al. 1989; Potter et al. 1995; Yoo et al. 1997; Huang et al. 2000) may
limit their power to detect a weak association.
The positive associations of alcohol intake with the development of ER+PR+
tumors and that of ER+PR– tumors observed in our study is consistent with the results
from meta-analysis for the assiciaiton between alcohol intake and joint ER/PR defined
breast cancer among postmenopausal women (Figure 21 and Table 14).
Statistically significant interaction between alcohol intake and use of PMH was
not observed either for total breast cancer risk (Chen et al. 2002) or for ER/PR defined
breast cancer in the Nurses’ Health Study (Colditz et al. 2004). In the Iowa Women’s
Health Study cohort (Gapstur et al. 1995), there was a statistically significant
interaction of alcohol with risk of developing ER+PR+ tumors and even ER–PR–
tumors with PMH use, but not for ER+PR– tumors, which is only in partial agreement
with our results. These conflicting results require further studies between alcohol intake
and ER/PR defined breast cancer.

Possible biological mechanisms

The major underlying mechanism for the positive association has not clearly been
elucidated (Singletary and Gapstur 2001). However, there are several possible
biological mechanisms which could explain our results.
Ɣ “Alcohol-induced endogenous estrogen” hypothesis
Induction of endogenous estrogen levels by alcohol has been discussed as one of the
plausible mechanisms for the positive association of alcohol intake with
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postmenopausal breast cancer risk. Previous studies reported that alcohol increases the
cumulative exposure level of endogenous steroid hormones by either increasing the
production of estrogen (Gavaler and Rosenblum 1987) (Dorgan et al. 2001) or by
decreasing metabolic estradiol clearance (Ginsburg et al. 1995). These possible
mechanisms might partly contribute to alcohol-induced ER+PR+ tumors.
Ɣ Other possible mechanisms for the relation Alcohol intake and ER tumors
Furthermore, in vitro studies have shown that ethanol increases the expression of ERs
itself (Fan et al. 2000; Singletary, Frey et al. 2001), that ethanol stimulates the
proliferation of ER(+) human breast cancer cells, but not of ER(í) cells (Singletary et
al. 2001), and that ethanol increases ER-Į activity (Fan et al. 2000) through inactivation
of BRCA1, which may suppress ER-Į signalling (Fan, Wang et al. 1999). A previous
study reported that ethanol significantly increased ER-Į protein levels but not the
mRNA levels (Etique, Chardard et al. 2004). It was also suggested that ethanol might
stimulate MCF-7 cell in a different way than E2 (Etique, Grillier-Vuissoz et al. 2006).
These studies indicated that ethanol might stimulate a ligand independent activation of
ER-Į. These possible mechanisms might contribute to alcohol-induced ER+ tumors,
including PRí tumors.
Ɣ Alternative hypotheses í hormone independent pathways
Alternative hypotheses include hormone independent pathways, such as induced
carcinogenic effects and DNA-damage by the ethanol metabolite acetaldehyde (Feron
et al. 1991) (Ristow, Seyfarth et al. 1995), reactive oxygen species, and lipid
peroxidation (Brooks 1997).

Discussion of the results

ER+PR+ tumors
This type of tumors is likely to be induced if estrogen ligand is enough.The positive
association between alcohol intake and the development of ER+PR+ breast cancer
might be explained, at least partly, by the “alcohol-induced endogenous estrogen”
hypothesis.
ER+PRí tumors
This type of tumors is likely to be induced if estrogen ligand is not sufficient. In Paper I,
we observed a statistically significant positive association of alcohol intake with the
development of ER+PRí tumors. The expression of PR indicates ER-mediated
estrogenic action in breast tumors (Horwitz and McGuire 1978). Therefore, our results
for the positive association of alcohol intake with the development of ER+PRí tumors
may be difficult to explain through the “alcohol induced endogenous estrogen
hypothesis”. The etiology of breast cancer in relation to alcohol intake should also
involve other possible biological mechanism, if our results were correct. A recent in
vitro study also suggested that the effect of alcohol on breast cancer cell migration may
not be solely due to “alcohol induced endogenous estrogen” (Etique et al. 2006). Our
results for the positive association of alcohol intake with the development of ER+PRí
tumors might be partly explained through ‘other possible mechanisms for the relation
between alcohol intake and ER tumors’ discussed above.
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ERíPR+ tumors
Our results on ERíPR+ tumors are unreliable both from a statistical and a biological
point of view. We had low statistical power due to the small number of cases. PR may
generally be induced by ER-mediated estrogen action; therefore breast tumors lacking
ER would be expected to lack PR. Nevertheless, ERíPR+ tumors do occur. There are
several speculations on the ERíPR+ breast cancer phenotype, such as a mutation, a
variant ER that can stimulate PR without binding hormone (Fuqua, Fitzgerald et al.
1991), or a false-negative ER ligand assay used in lab analysis (Sarrif and Durant 1981).
In this thesis in Papers II, III, and IV, we did not analyze the effect estimates for this
tumor subtype.
ERíPRí tumors
This type of tumors are likely to be induced by a non-hormonal mechanism. In this
thesis, the case number was not enough to perform stratified analyses.
Alcohol intake and PMH use – Statistical interaction
We observed a statistically significant interaction between alcohol intake and use of
PMH on the risk of postmenopausal ER(+) breast tumors. Previous studies indicated a
pronounced positive association between alcohol intake and breast cancer risk among
PMH ever-users (Colditz, Stampfer et al. 1990) (Enger et al. 1999) without any
statistical interaction. The results from the Iowa Women’s Health cohort study also
suggested a positive association of alcohol intake with breast cancer risk confined to
PMH ever-users (Gapstur, Potter et al. 1992), especially for ER+PR+ tumors but also
for ERíPRí tumors (Gapstur et al. 1995). The result from The Nurses Health Study
reported a two-fold increased risk among PMH users with high alcohol consumption,
although there was no statistically significant interaction between alcohol intake and
PMH use in a multiplicative model (Chen et al. 2002).

6.2.2 Paper II : Body weight
Our prospective cohort study showed results of a positive association between body
weight and risk of ER+PR+ tumors and provide supportive evidence for the hypothesis
that body weight-induced endogenous estrogens affect the increased risk for
postmenopausal breast cancer.

Previous epidemiological studies

Our finding of an association between body weight and ER+PR+ tumors is in
agreement with two prospective cohort studies, the Nurses Health Study (Colditz et al.
2004) and the Iowa Women’s Study (Potter et al. 1995; Sellers, Davis et al.
2002)(Table 16), and four case-control studies (Enger et al. 2000) (Cotterchio et al.
2003b; Li et al. 2006; Rosenberg 2006)(Figure 22) (Table 15).
The weak inverse association for the development of PR– tumors, irrespective of ER
status, observed in our study was supported by two cohort studies (Potter et al. 1995;
Sellers, Davis et al. 2002; Colditz et al. 2004). In contrast, among subjects in the
highest categories of body weight compared with those in the lowest categories, three
case-control studies observed non-significant positive association of body weight for
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the risk of ER+PRí tumors (Enger et al. 2000; Li et al. 2006; Rosenberg 2006)(Figure
23) and two case-control studies reported a statistically significant positive association
between body weight and the risk for ERíPRí tumors (Cotterchio et al. 2003b;
Rosenberg 2006)(Figure 24). The results on ER+PRí tumors and ERíPRí tumors
seemed to differ across study designs (Figures 23 and 24). In case-control studies, the
associations of postmenopausal body weight with the risk for ER+PRí tumors and for
ERíPRí tumors might be overestimated. There are several possible explanations why
case-control studies and cohort studies provide different results. Selection bias should
be considerd in case-control studies. Information on body weight is collected after
cancer diagnoses in case-control studies therefore, recall bias should also be considerd.
It has been suggested that lean subjects have the tendency to overestimate their body
size and obese subjects are likely to underreport their body weight (Kuskowska-Wolk,
Karlsson et al. 1989). It has also been reported that those with PRí tumors tend to be
leaner compared to those with PR+ tumors (TableII Paper II) (Ricketts, Turnbull et al.
1991; Giuffrida, Lupo et al. 1992; Honda, Ohi et al. 1999).
The observed effect of body weight on postmenopausal breast cancer among
never-users of PMH has been reported previously (Huang et al. 1997; Magnusson,
Baron et al. 1998; Friedenreich, Courneya et al. 2002; Morimoto, White et al. 2002;
Feigelson, Jonas et al. 2004). Furthermore, one recent case-control study reported in
two separate analyses a pronounced effect of weight gain on breast cancer risk among
never-users of PMH and a positive association with ER+PR+ tumors (Eng et al. 2005).
An association between waist/hip ratio and ER/PR defined breast cancer risk has also
been reported after stratification by family history of breast cancer (Sellers, Davis et al.
2002).

Possible biological mechanisms

Ɣ “Body weight-induced endogenous estrogens” hypothesis
It has been postulated that body fat is the primary source of endogenous estrogen after
menopause (Siiteri 1987) and one of the most plausible mechanisms is that
postmenopausal obesity affects breast cancer risk through increased estrogen
production from aromatization of androgen in peripheral fat tissue (Edman, Aiman et
al. 1978; MacDonald, Edman et al. 1978; Judd, Shamonki et al. 1982; Cleland,
Mendelson et al. 1985)(De Waard 1991). Also, a decreased production of sex hormone
binding globulin among obese women may increase the supply of free estrogen to
target tissues (Kirschner, Schneider et al. 1982; Enriori, Orsini et al. 1986). The results
from a recent collaborative analysis from Endogenous Hormones and Breast Cancer
Collaborative Group (Key, Appleby et al. 2003) supported this hypothesis by showing
a substantial reduction in the relative risk for breast cancer with increased BMI after the
adjustment for serum estrogen concentration.
Ɣ Glucose metabolism and insulin
Obesity may also affect breast cancer risk through the modulation of glucose
metabolism by increasing insulin levels. Previous studies reported a higher prevalence
of hyperinsulinemia with insulin resistance among breast cancer patients, independent
of adiposity (Bruning, Bonfrer et al. 1992), and the stimulation of breast cancer cell
proliferation by excess glucose levels (Yamamoto, Patel et al. 1999). One recent study
reported a strong negative association between serum levels of the adipocyte-secreted
protein adiponectin and breast cancer risk (Mantzoros, Petridou et al. 2004).
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Adiponectin levels have also been shown to be inversely related with body weight
(Yang, Lee et al. 2001) and insulin resistance (Stefan, Vozarova et al. 2002).
Furthermore, one in vitro study reported that insulin increased the levels of ER, PR, and
the mitogenic activity in breast cancer cells, synergistically with estradiol (Panno,
Salerno et al. 1996). PR has also been postulated to interfere with glucose homeostasis,
to be involved in insulin secretion affecting β-cell proliferation (Picard et al. 2002) and
induce signaling molecules (Vassen, Wegrzyn et al. 1999).

Discussion of the results

All invasive tumors: J-shaped relationship
In this prospective cohort study, we observed a J-shaped relationship between relative
body weight and the development of all invasive breast tumors. After defining ER and
PR tumor status, we observed two contrasting associations. High relative body weight
was associated with increased risk for the development of ER+PR+ tumors, while
underweight was weakly associated with increased risk for the development of
ER+PRí tumors and ERíPRí tumors. Furthermore, we found that the positive
association between body weight and ER+PR+ tumors was more pronounced among
never-users of PMH and among women without family history of breast cancer.
ER+PR+ tumors
The expression of PR indicates ER-mediated estrogenic action in breast tumors
(Horwitz and McGuire 1978). Therefore, our finding of the positive association
between relative body weight and the development of ER+PR+ tumors indicated an
estrogen dependent mechanism and supported the hypothesis that excess adipose tissue
contributed to the development of ER+PR+ postmenopausal breast cancer through
increased endogenous estrogen levels as described previously. Furthermore other
possible biological mechanisms through interference of glucose metabolism by obesity,
as mentioned earlier, might also partly explain our results for the positive association
between a high relative body weight and the development of ER+PR+ breast tumors.
Age tended to be positively associated with ER+PR+ tumors (Ruder et al. 1989; Tarone
and Chu 2002; Colditz et al. 2004) and the estimated age-specific incidence rate
increased after around 50 years for ER+PR+ tumors (Yasui and Potter 1999). In the
light of these results, the overall positive association of BMI with postmenopausal
breast cancer risk in the pooled analysis (van den Brandt et al. 2000) and meta-analyses
(Bergstrom et al. 2001) may reflect the increase in the prevalence of ER+PR+ tumors
with increased age.
Our results are compatible with these results. Further studies of ER/PR defined breast
cancer should be warranted among premenopausal women.
Other tumors: ER+PRí, ERíPRí and all PRí tumors
On the contrary, the weak inverse association between body weight and the
development of ER+PR– tumors and ERíPRí tumors indicates that the development
of PR– tumors was not influenced by increased endogenous estrogen levels derived
from excess body weight.

83

PR expression in breast tumors and body weight
Our data indicated a potential biological relation between BMI and the expression of
PR in breast tumors. Obese breast cancer patients were more likely to have PR+ tumors
compared to underweight breast cancer patients. Other studies have also shown that
women with higher BMI are significantly more likely to have a higher PR expression in
both normal and malignant breast tissues, compared to underweight women (Ricketts et
al. 1991; Giuffrida et al. 1992; Honda et al. 1999). The expression of PR has been
postulated to be a marker for estrogenic action in breast tumors (Horwitz and McGuire
1978). It has been shown in vitro in uterine cells and breast cancer cells that estrogen,
through ER, regulates the expression of PR (Read et al. 1988; Kraus and
Katzenellenbogen 1993). Thus, it may be hypothesized that the level of PR expression
in ER+ breast tumors is influenced by the relative amount of endogenous ligands
increasing with excess body weight; therefore obese patients would be more likely to
have PR+ tumors. Accordingly, underweight postmenopausal patients (with a lower
level of endogenous estrogen) would be more likely to have PR– tumors. This
hypothesis is also consistent with the heterogeneity of the association between body
weight and postmenopausal breast cancer risk across PR tumor status, which had been
suggested in previous studies (Potter et al. 1995; Yoo et al. 2001; Sellers, Davis et al.
2002; Colditz et al. 2004). The two contrasting associations observed in this study
between relative body weight and the development of ER+PR+ tumors (positive) and
of ER+PR– tumors (inverse) may underlie the J-shaped relation between relative body
weight and risk of breast cancer overall.
Modification by use of PMH and possible mechanisms
One possible biological explanation as to why the effect of relative body weight on
breast cancer risk is equivocal among PMH users is that the increased circulating
estrogen levels due to PMH use may have a stronger effect than those due to excess
body weight (Jurgens, Downey et al. 1992; Hankinson et al. 1998), thus high BMI does
not further increase the risk in this group of women already at elevated risk. Our result
for ER+PR+ tumors supports this biological explanation. Our data indicated a higher
prevalence of PMH use among underweight women. After menopause, underweight
women with less adipose tissue might be more likely to need exogenous estrogens than
obese women. This might also explain our observed results.

6.2.3 Paper III : Dietary fiber
In this large population-based prospective cohort study of postmenopausal women, we
observed a non-significant inverse association of total dietary fiber intake with the risk
of all invasive breast cancer. The observed inverse association was confined to women
without family history of breast cancer, to women with high alcohol intake and to users
of PMH. Regarding specific types of fiber, we observed a non-significant inverse
association with cereal fiber and a statistically significant inverse association with fruit
fiber. We did not observe any significant association between vegetable fiber and all
type of breast tumors. In further analyses, we found that cereal fiber was associated
with a statistically significant decreased risk of breast cancer only among PMH users.
In contrast, vegetable and fruit fibers were associated with decreased breast cancer risk
among PMH never-users. Although the observed relative risks were statistically
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significant only for ER+PR+ tumors, there was no statistically significant heterogeneity
across ER/PR status of the tumors. No previous studies have investigated the
interaction between dietary fiber and PMH use in relation to ER/PR defined breast
cancer risk among postmenopausal women. Biological mechanisms behind the
observed inverse associations of use/no-use of PMH with different specific fibers are
unclear. However, there are several possible biological explanations for our observed
associations.

Previous epidemiological studies

Our observed non-significant inverse association of total dietary fiber intake with the
risk of all invasive breast cancer is in agreement with the results from nine prospective
cohort studies (Graham et al. 1992; Rohan et al. 1993; Jarvinen et al. 1997; Verhoeven
et al. 1997; Horn-Ross et al. 2002; Terry et al. 2002; Holmes et al. 2004; Mattisson et
al. 2004; Giles et al. 2006)(Table 18) and from three case-control studies (Van 't Veer
et al. 1990; Graham et al. 1991; Franceschi et al. 1996). However, our results are not in
agreement with the results of a meta-analysis of 12 case-control studies (Howe et al.
1990) and four case-control studies (Baghurst and Rohan 1994; Yuan et al. 1995;
Freudenheim et al. 1996; De Stefani et al. 1997)(Table 17).
Regarding specific types of fiber intake, three prospective cohort studies did not
find any statistically significant inverse associations (Terry et al. 2002; Holmes et al.
2004; Giles et al. 2006). However, statistically significant inverse associations for
insoluble fiber (Baghurst and Rohan 1994) and fruit and/or vegetables fiber (Yuan et al.
1995; De Stefani et al. 1997) (Freudenheim et al. 1996) were reported in previous casecontrol studies.
To our knowledge, the Melbourne Collaborative Cohort Study is the only
prospective study that examined the association of total dietary fiber and cereal, fruit,
and vegetable fibers with the risk of breast cancer defined by ER/PR tumor subtypes.
Their study involved 324 breast cancer cases and reported a statistically significant
positive association between total dietary fiber intake and the risk of ER+PR+ tumors
(154 cases) with significant heterogeneity across other tumor subtypes (Giles et al.
2006).

Possible biological mechanisms

Ɣ Enterohepatic metabolism
It was observed that vegetarian women consuming a fiber-rich diet had increased fecal
excretion and decreased urinary excretion of estrogens through interference with the
enterohepatic metabolism (Goldin et al. 1982; Shultz and Howie 1986; Cohen, Zhao,
Zang, Wynn et al. 1996). Therefore, it has been hypothesized that fiber intake may be
associated with a decreased risk of breast cancer through the reduction of circulating
estrogen levels (Adlercreutz 1984).
One biological mechanism proposed is that dietary fiber inhibits intestinal reabsorption of free estrogens in the enterohepatic circulation by suppressing the activity
of a colonic bacterial enzyme, which deconjugates bound estrogens (Gorbach 1984;
Rose 1990) and/or by binding unconjugated estrogens in the colon (Eastwood and
Hamilton 1968; Shultz and Howie 1986). These studies indicate the effect on
hydrolysis of estrogen conjugates which is probably one of the most important factors
to reduce estrogen levels in the body.
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Ɣ Reduction of SHBG
Previous studies suggested an association of increased fiber intake and fiber related
phytochemicals with a reduction of serum estrogen levels (Goldin et al. 1982; Rose et
al. 1991; Adlercreutz et al. 1993) and with increased level of sex hormone binding
globulin (SHBG), which binds free estrogen to regulate the bioavailability of estradiol
(London et al. 1991; Adlercreutz et al. 1992; Goldin et al. 1994).
Ɣ Control of Insulin resistance
Intake of dietary fiber might indirectly reduce the risk of postmenopausal breast cancer
by preventing obesity and type 2 diabetes — both being risk factors for ER+ PR+
postmenopausal breast cancer (Michels, Solomon et al. 2003; Suzuki, RylanderRudqvist et al. 2006) — through the control of insulin resistance (Kaaks 1996; Ludwig,
Pereira et al. 1999).
Ɣ Phytochemicals correlated with total fiber
Intake of dietary fiber might also be positively correlated with intake of phytoestrogens,
which might compete with endogenous estrogen for binding of ER (Milder, Feskens et
al. 2005).

Discussion of the results

Total fiber
A non- significant inverse association
The absence of a protective association of total fiber reported from previous
prospective cohort studies (Graham et al. 1992; Rohan et al. 1993; Jarvinen et al. 1997;
Verhoeven et al. 1997; Horn-Ross et al. 2002; Terry et al. 2002; Holmes et al. 2004;
Mattisson et al. 2004; Giles et al. 2006) might partly be due to non-adjustment of
factors such as alcohol, PMH, and family history of breast cancer. Only three studies,
including ours (Terry et al. 2002), adjusted the results by those factors simultaneously.
Alternatively, the range of variation of fiber intake might not be enough to detect an
effect.
Modification of total fiber intake by PMH use and alcohol intake
Consumption of alcohol intake (Etique et al. 2004) and PMH use (Rossouw et al. 2002)
have been postulated to affect breast cancer risk through hormonal modulation.
Previous studies reported increased postmenopausal estrogen level with alcohol intake
(Hankinson, Willett et al. 1995; Dorgan et al. 2001). Although we did not observe
statistically significant heterogeneity of risk estimates across ER/PR tumor subtypes, a
statistically significant interaction between total fiber and alcohol use for all ER+
tumors and a borderline statistical interaction between total fiber and PMH use for
ER+PR+ tumors in our study indicated that dietary fiber might be associated with a
reduced risk of breast cancer through the reduction of circulating estrogens.
Specific fibers í cereal, fruit and vegetable fibers
It has been proposed that the effect of dietary fiber might be different according to the
type of fiber (Eastwood and Hamilton 1968; Shultz and Howie 1986; Cohen, Zhao,
Zang, Wynn et al. 1996). Our results also indicated that different types of dietary fiber,
or fiber-related component might contribute to the prevention of breast cancer in
different ways, either hormone-dependent or independent.
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Cereal fiber
A significant inverse association confined to PMH ever-user
Our observed inverse association of cereal fiber among PMH ever-users might be
attributable to decreased levels of circulating estrogens by cereal fiber as well as dietary
lignans in cereal fiber.
Phytochemicals correlated with cereal fiber
Our observed results of a statistically significant inverse association between cereal
fiber and breast cancer risk among PMH ever-users could be explained partly by
phytochemicals correlated with cereal fiber, such as alkylresorcinols and lignans
(Linko, Juntunen et al. 2005; Adlercreutz 2006). In particular, phytoestrogenic lignans
were postulated to have an inhibitory effect of cell proliferation in breast tumors
through decreased levels of circulating estrogens either by inhibiting the aromatase
enzyme in biosynthesis of estrogen (Adlercreutz et al. 1993) or by increasing
production of SHBG (Adlercreutz et al. 1992). In the presence of estrogens,
mammalian lignans suppressed the estrogen-induced cellular proliferation in MCF-7
breast cancer cells (Mousavi and Adlercreutz 1992) and stimulated the synthesis of
SHBG in liver cells (Adlercreutz et al. 1992).
The effect for enterohepatic metabolism
It has been postulated that insoluble fiber from cereal might increase estrogen excretion
either by binding unconjugated estrogen in the colon (Eastwood and Hamilton 1968;
Shultz and Howie 1986; Crystal G 1988) or by reduction of ȕ-glucuronidase
concentration with increasing fecal bulk (Goldin et al. 1982). Our results with
additional adjustment for lignan, which did not eliminate a statistically significant
inverse association of cereal fiber with breast cancer risk among PMH users, may
support the cereal fiber-related hypothesis of estrogen binding capacity in the colon and
of reduction of ȕ-glucuronidase activity through increased fecal bulk (Eastwood and
Hamilton 1968; Goldin et al. 1982; Shultz and Howie 1986; Crystal G 1988). The
observed overall inverse association of cereal fiber among PMH ever-users might be
attributable to decreased levels of circulating estrogens by cereal fiber as well as by
dietary lignan present in lignin fraction of cereal fiber.
Fruit fiber
An inverse association, especially among PMH never-users
We observed a statistically significant inverse association between fruit fiber and
postmenopausal breast cancer risk, without any heterogeneity across tumor subtypes. In
agreement with our results, an inhibitory effect of fruit fiber on mammary tumorgenesis
was reported in vitro through a hormonal independent mechanism (i.e. ERí tumors)
(Nangia-Makker, Hogan et al. 2002). As we mentioned above, it was also postulated
that soluble fiber (from vegetables and fruits) might decrease re-absorption of free
estrogen by reduction of deconjugation of estrogen by suppressing the activity of
colonic bacterial enzymes (i.e. ȕ-glucuronidase activity) in the enterohepatic circulation
(Gorbach 1984; Rose 1990). It was also discussed that the presence of antioxidant,
phytic acid in dietary fiber might be responsible for their anti-cancer property
(Shamsuddin 1995; Cohen 1999). These possible mechanisms may explain our
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observed significant inverse association between fruit fiber and breast cancer risk,
irrespective of ER/PR status.
Similar to the unclear association between body weight and breast cancer risk
among PMH users, we observed an obscure association of fruit fiber with breast cancer
risk among PMH ever-users. The increased circulating estrogen levels due to PMH use
might have a stronger effect than a protective effect from fruit fiber on the risk of breast
cancer, so that it might be difficult to see the association of fruit fiber with the risk
among PMH users.

6.2.4 Paper IV: Dietary lignans
We found no overall inverse association between intake of plant lignans and the risk of
postmenopausal invasive breast cancer. After defining ER/PR status, there were no
heterogeneities across tumors status. There was a statistically significant interaction
between intake of dietary lignans and PMH use in relation to overall invasive breast
cancer risk and specifically to the development of ER+PR+ tumors. There was no
statistically significant heterogeneity across ER/PR status of the tumors. PMH use was
postulated to affect breast cancer risk through hormonal modulation (Rossouw et al.
2002). Therefore, in the light of our results, the presumed hypothesis that intake of
dietary lignans is associated with a reduced risk of breast cancer through interference
with circulating estrogen cannot be rejected, although no heterogeneity of risk estimates
across ER/PR tumor subtypes was observed. To our knowledge, our study was the first
to examine and observe a statistical interaction between dietary lignan intake and PMH
use in relation to postmenopausal breast cancer risk

Previous epidemiological studies

Epidemiological studies have evaluated the effect of lignans in relation to the breast
cancer risk by measuring levels of serum/plasma Enl (Hulten et al. 1998; Pietinen et al.
2001; Hulten et al. 2002; Olsen et al. 2004; Zeleniuch-Jacquotte et al. 2004; Piller,
Chang-Claude et al. 2006; Piller, Verla-Tebit et al. 2006), urinary excretion levels
(Ingram et al. 1997; den Tonkelaar et al. 2001; Dai et al. 2002), and levels of estimated
dietary intake based on food frequency questionnaire (Horn-Ross et al. 2001; HornRoss et al. 2002; McCann et al. 2002; Keinan-Boker et al. 2004; McCann et al. 2004;
McCann et al. 2006) (Table 19).
The results from five cohort studies (den Tonkelaar et al. 2001; Horn-Ross et al.
2002; Hulten et al. 2002; Keinan-Boker et al. 2004; Zeleniuch-Jacquotte et al. 2004),
two case-control studies (Horn-Ross et al. 2001; dos Santos Silva et al. 2004) and one
case-case study (Touillaud et al. 2005), all of which did not report statistically
significant inverse associations of lignan intake with breast cancer risk, were
compatible with our results. Three of them estimated dietary lignan intake by using
biological markers (den Tonkelaar et al. 2001; Hulten et al. 2002; Zeleniuch-Jacquotte
et al. 2004).
In contrast to our results, statistically significant inverse associations of dietary
lignans with the risk of breast cancer were observed in two cohorts (Hulten et al. 1998;
Olsen et al. 2004) and nine case-control studies (Ingram et al. 1997; Pietinen et al.
2001; Dai et al. 2002; McCann et al. 2002; Linseisen et al. 2004; McCann et al. 2004;
McCann et al. 2006; Piller, Chang-Claude et al. 2006; Piller, Verla-Tebit et al. 2006).
Seven of them estimated the intake of lignans by using biological markers (Ingram et
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al. 1997; Hulten et al. 1998; Pietinen et al. 2001; Dai et al. 2002; Olsen et al. 2004;
Piller, Chang-Claude et al. 2006; Piller, Verla-Tebit et al. 2006). Statistically significant
inverse associations in those studies were likely to be observed among premenopausal
women (Dai et al. 2002; McCann et al. 2002; Linseisen et al. 2004; McCann et al.
2004; McCann et al. 2006; Piller, Chang-Claude et al. 2006), and those carrying the A2
allele of CYP17 (McCann et al. 2002; Piller, Verla-Tebit et al. 2006), which might be
associated with increased levels of endogenous hormone (Haiman et al. 1999).
Furthermore, previous studies also suggested that the preventive effect of lignans on the
development of breast tumors might be confined to women with palpable cysts
(Boccardo, Lunardi et al. 2004) and those with high epidermal growth factor
concentrations (Boccardo, Lunardi et al. 2003).
The association of lignans in relation to the risk of steroid receptor defined breast
tumors has been examined in five studies (den Tonkelaar et al. 2001; Olsen et al. 2004;
Touillaud et al. 2005; McCann et al. 2006; Piller, Chang-Claude et al. 2006). Unlike
our results, two of them reported a statistically significant inverse association of lignans
with the risk of ER– tumors, one based on plasma Enl levels (Olsen et al. 2004) and the
other on estimated intake of lignans (McCann et al. 2006).

Possible biological mechanisms

Ɣ Reduction of SHBG
Hormone-related biological mechanisms proposed for the protective effect of lignan
against breast cancer are that plant/mammalian lignan may inhibit cell proliferation by
increasing production of sex hormone binding globulin (SHBG) (Adlercreutz et al.
1992).
Ɣ Inhibition of aromatase enzyme
Another proposed hormone-related biological mechanism for the protective effect of
lignan against breast cancer is that plant/mammalian lignan may inhibit cell
proliferation through decreased levels of circulating estrogens by inhibiting aromatase
enzyme in biosynthesis of estrogen (Adlercreutz et al. 1993).
ƔNon hormone-related mechanisms
Previous epidemiological studies suggested an inverse association between dietary
lignans and the risk of ER– breast tumors. Our results did not show any heterogeneity
across ER/PR defined tumors. These results indicate that non-estrogen related
anticarcinogenic mechanism may also work. A number of non-estrogen related
anticarcinogenic mechanisms of dietary lignan have been proposed, such as inhibition
of cell membrane ATPase (Hirano et al. 1990), antioxidant activity (Kitts et al. 1999;
Prasad 2000), and reduction of insulin-like growth factor I (IGF-I) level (Rickard et al.
2000). Other non-estrogen related biological mechanisms, such as anti-proliferate
activity, lipid peroxidation, inhibition of tyrosine kinase, protein kinase C and DNA
topoisomerase II, angiogenesis, and prostaglandin synthesis have also been discussed
(Mäkelä et al.).

Discussion of the results

Inverse association among PMH ever-users
Although the biological mechanism through which dietary lignans may inhibit breast
cancer is not clear, lignans seem to play a role in sub-groups of women with high
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circulating estrogen level. This might be one of the possible explanations for our
findings of reduced risk of postmenopausal breast cancer associated with intake of
dietary lignans among PMH users. This agrees with in vitro studies showing that
lignans Enl in the presence of estrogens suppressed the estrogen-induced cellular
proliferation in MCF-7 breast cancer cell (Mousavi and Adlercreutz 1992) and
stimulated the synthesis of SHBG in liver cells (Adlercreutz et al. 1992).
Among obese women í no inverse association
We did not observe any inverse association of dietary lignans intake with the
development of ER+PR+ tumors among obese women. Obesity is associated with
decreased levels of plasma Enl (Kilkkinen, Stumpf et al. 2001). In our cohort, obese
women had a lower prevalence of PMH use compared to lean women, and the positive
association of body weight with the development of ER+PR+ tumors was confined to
PMH never-users (Suzuki, Rylander-Rudqvist et al. 2006). These findings could
explain our results on the obscure association of lignans with breast cancer risk among
obese women.
Effect of over-adjustement of cereal fiber among PMH never- users
We do not have any biological explanation for the observed statistically significant
positive association between lignans and ERíPRí tumors among never-users of PMH.
This association might be due to over-adjustment of cereal fiber in our model among
PMH never-users. Among PMH never-users, we did not find any inverse association
between cereal fiber and breast cancer (Table 5 Paper III). Therefore, in theory, cereal
fiber is not a confounder for the evaluation of the association between lignans and
breast cancer among PMH never user. In fact, a significant positive association between
lignans and ERíPRí tumors among PMH never user was eliminated after the
exclusion of cereal fiber from the model. Also, we cannot reject the possibility that this
observation might be a chance finding due to a large number of analyses performed.
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6.3

FUTURE RESEARCH

The results of this thesis give rise to questions that merit future research.
Our results indicate that hormonal dependent mechanisms might be involved in
the etiology of breast cancer on some nutrition factors í alcohol intake, body weight,
dietary fiber and lignans í to show a statistically significant interaction between these
factors and exogenous estrogens in relation to breast cancer risk.
Our findings for alcohol intake in Paper I is not fully compatible with the results
of other prospective studies, such as the Nurses’ Health Study (Chen et al. 2002;
Colditz et al. 2004) and the Iowa Women’s Health Study cohort (Gapstur et al. 1995;
Potter et al. 1995). The conflicting results require further studies between alcohol intake
and ER/PR defined breast cancer. , Our results, in particular, a statistically significant
interaction between alcohol intake and PMH use for the development ER+PR+ tumors
and a risk additive relation for ER+PRí tumors, would need cautious interpretation
because they were evaluated only by a multiplicative model. They should also be
evaluated by an additive model (Hosmer and Lemeshow 1992), because a
multiplicative model would induce confusion between a statistical interaction and a
biological interaction (Ahlbom and Alfredsson 2005). Future studies of the biological
interaction between these factors and PMH use on ER/PR defined breast cancer risk
should be warranted. In the future, large studies with detailed information on lifelong
alcohol consumption and on lifelong specific exogenous estrogen use need to further
investigate the issue of alcohol and PMH use in relation to the development of breast
cancer. Molecular epidemiologic studies also need to further identify susceptibility
factors for alcohol-associated breast cancer, such as inherited differences in the
capacity to metabolize and detoxify alcohol.
In this thesis, we focused on postmenopausal women. The association between
BMI and breast cancer risk appears to depend on menopausal status. A pooling analysis
(van den Brandt et al. 2000) and a recent meta-analysis (Bergstrom et al. 2001)
confirmed the positive association between increased BMI and breast cancer risk
among postmenopausal women and the inverse association among premenopausal
women. Age tended to be positively associated with ER+PR+ tumors (Ruder et al.
1989; Tarone and Chu 2002; Colditz et al. 2004), and the estimated age-specific
incidence rate increased after around 50 years for ER+PR+ tumors (Yasui and Potter
1999). In the light of these results, the overall positive association of BMI with
postmenopausal breast cancer risk in the pooling and meta-analyses may reflect the
increase in the prevalence of ER+PR+ tumors with increased age. Our results are
compatible with this. Further studies of ER/PR defined breast cancer should be
warranted among premenopausal women.
Furthermore, our results and previous studies indicate the importance of glucose
metabolism on the development of ER+PR+ breast cancer. Physical activity is known
to improve insulin sensitivity and glucose metabolism. A recent study in our cohort
suggested that physical inactivity may be positively associated with the development of
endometrial cancer, which is one of the hormone sensitive tumors (2006, e-publication).
It would be interesting to study the association between physical activity and ER+PR+
breast tumors and the effect modification of the association by body weight in the
future in order to understand the etiology of breast cancer in relation to energy balance.
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In papers III and IV, our observed results í a potential preventive effect of dietary
fiber/dietary lignans and breast cancer risk among PMH ever-user í have not been
verified in other epidemiological studies. Our results, if confirmed by other studies,
may have some public health implications. There is a similarity between the results of
previous epidemiological studies, including ours. That is that statistically significant
inverse associations were likely to be observed among populations who were exposed
to excess levels of estrogens, such as PMH users (Paper IV), premenopausal women
(Dai et al. 2002; McCann et al. 2002; Linseisen et al. 2004; McCann et al. 2004;
McCann et al. 2006; Piller, Chang-Claude et al. 2006), and those carrying the A2 allele
of CYP17 (McCann et al. 2002; Piller, Verla-Tebit et al. 2006) which might be
associated with increased levels of endogenous hormone (Haiman et al. 1999). Given
these results, the preventive potency of lignans against breast cancer seems to be more
effective in the presence of estrogen. It would be interesting to evaluate this hypothesis
by conducting a intervention study/randomized control trial to investigate the
association of dietary lignans with ER/PR defined breast cancer risk among those
populations.
Previous epidemiological studies indicated the association between lignans and
ERí tumors. Different types of lignans might have specific actions to prevent breast
cancer. It is well known that patients with ERí tumors have worse prognosis than those
with ER+ tumors. Additionally, currently available chemopreventive agents such as
tamoxifen and raloxifene have been shown to prevent the occurrence of ER+ tumor
(Fisher, Costantino et al. 2005) (Cummings, Eckert et al. 1999) but not ERí tumor.
There is no available approach to reduce the incidence of ERí breast cancer, except for
prophylactic bilateral mastectomy for the women with high risk. Therefore, research on
prevention of ERí tumor is one of the greatest interests in this area.
Identification of risk/preventive nutrition-related factors is of considerable public health
importance for the primary prevention of breast cancer. Since the etiology of breast
cancer seems to be different across tumor receptors status, further clinical research and
epidemiological studies need to elucidate the underlying possible biological
mechanisms between nutrition-related factors and ER/PR defined breast cancer.
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7 CONCLUSIONS
1)

Alcohol consumption may increase the risk of postmenopausal breast cancer,
especially for the development of ER+ PR+ tumors and ER+ PRí tumors.

2)

The positive association with alcohol was observed especially among
postmenopausal women who had been using PMH.

3)

Excess body weight might be associated with the development of ER+PR+
breast cancer among postmenopausal women.

4)

The association of postmenopausal body weight with the risk of hormone
dependent tumor was modified by use of PMH as well as by family history of
breast cancer.

5)

The association of total dietary fiber intake with the risk of overall invasive
breast cancer was confined to PMH ever-users, to those with high levels of
alcohol consumption, and to those without family history of breast cancer.

6)

Cereal fiber intake might play a role in the prevention of breast cancer,
especially among PMH ever-users. Fruits fiber intake and vegetable fiber
intake might play a role in the prevention of postmenopausal breast cancer,
especially among PMH never-users.

7)

Dietary lignan intake might play a role in the prevention of breast cancer,
especially among PMH ever-users.

8)

The association between hormone-related nutrition factors and the risk of
postmenopausal breast cancer was likely to be modified by use of PMH.

9)

In evaluating the association between hormone-related nutrition factors and
the risk of breast cancer, ER and PR status of tumors should be considered.

Our results suggest that consumption of alcohol, body weight, intake of dietary fiber
and dietary lignans could partly affect the risk of postmenopausal breast cancer through
hormone dependent mechanisms.
Given these results, we can speculate that the choice of diet í rich in dietary fiber
and with a limited consumption of alcohol í is an important factor in order to prevent
postmenopausal women from breast cancer, especially those who have been using
PMH.
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SMC87-QUESTIONNAIRE

PersonalȱIdentificationȱNumberȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ
ȱ
ȱ
Nameȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱȱȱ
ȱ
ȱ
ȱ

Maritalȱstatus
ȱ

ȠȱȱSingleȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱMarriedȱsinceȱyearȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱDivorcedȱsinceȱyearȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱWidowȱsinceȱyearȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱLivingȱtogetherȱwithȱpartnerȱsinceȱyearȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱȱȱ
Commentȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ ȱȱȱȱȱȱ
ȱ

ȱ

Educationȱ

ȠȱȱPrimaryȱschoolȱ(dȱ9ȱyears)ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱPrimaryȱschoolȱ(dȱ9ȱyears)ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱPrimaryȱschoolȱ(dȱ9ȱyears)ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱHighȱschoolȱ(10Ȭ12ȱyears)ȱȱȱȱȱȱȱȱ
ȠȱȱCollege/Universityȱ(t12ȱyears)ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱOther,ȱspecifyȱbelowȱ
Commentȱ.ȱ.ȱ.ȱ.ȱ. .ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱȱȱȱȱȱȱ
ȱ

ȱ

Numberȱofȱchildrenȱȱ

ȱ ȠȱȱNoȱ

Doȱyouȱhaveȱanyȱchildren? ȱ

Ifȱany,ȱspecifyȱtheirȱyearȱofȱbirthȱ
ȱ
1ȱ
1ȱ
1ȱ
1ȱ
1ȱ
1ȱ

9
9
9
9
9
9

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ

ȱ
Commentȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ
ȱ

Breastȱcancerȱinȱmotherȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
Breastȱcancerȱinȱsisterȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
Breastȱcancerȱinȱdaughterȱȱ
ȱ
ȱ

ȱ

Pleaseȱspecifyȱ

ȱ

ȠȱȱNoȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱYesȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱDon´tȱknowȱȱȱȱȱȱȱ
ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ

ȠȱȱNoȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱYesȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱDon´tȱknowȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱDon’tȱhaveȱanyȱsisterȱȱȱȱȱȱȱȱ
ȱ

ȠȱȱNoȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱYesȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱDon´tȱknowȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱDon’tȱhaveȱanyȱdaughterȱȱȱȱȱȱȱȱ
ȱ
ȱ
Heightȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱcmȱ
ȱ
Weightȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱkgȱ
ȱȱȱ

ȱ
ȱ
Typeȱofȱdietȱ

ȱ

Howȱmanyȱslicesȱofȱbreadȱ
perȱdayȱandȱtypeȱȱ

ȱ

Amountȱofȱfatȱonȱ
sandwichesȱ

ȱ

Typeȱofȱfatȱonȱsandwichesȱ

ȠȱȱOmnivorousȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱOnlyȱlactovegetarianȱ(noȱmeat,ȱfishȱorȱegg)ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȠȱȱMostlyȱlactovegetarian,ȱsometimesȱeatsȱfishȱandȱeggsȱ
ȠȱȱVeganȱȱȱȱȱȱȱȱ
ȠȱȱOther,ȱspecifyȱȱȱȱȱȱȱȱ
Commentȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ.ȱ
ȠȱȱCrispȱbreadȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȱȱȱȱȱslicesȱperȱdayȱ
ȠȱȱWholeȱmealȱbreadȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱslicesȱperȱdayȱ
ȠȱȱWhiteȱbreadȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
ȱȱȱȱslicesȱperȱdayȱ
ȠȱȱLoafȱbreadȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ ȱȱȱȱslicesȱperȱdayȱ
ȠȱȱIȱdon’tȱeatȱbreadȱȱ
ȠȱȱThickȱlayerȱ
ȠȱȱThinȱlayerȱ
ȠȱVeryȱthinȱlayerȱ
ȠȱȱNoȱfatȱatȱallȱ
ȠȱȱButterȱ
ȠȱȱButterȱ50%ȱ+ȱMargarineȱ50%ȱfatȱ
ȠȱȱCookingȱmargarine,ȱ80%ȱfatȱ
ȠȱȱTableȱmargarine,ȱ80%ȱfatȱ
ȠȱȱLightȱmargarineȱ
ȠȱȱIȱdon’tȱuseȱfatȱonȱtheȱsandwichesȱ

ȱ

Typeȱofȱfatȱforȱcookingȱatȱ
homeȱȱ
ȱ

ȱ

Typeȱofȱmilkȱ

ȱ

Numberȱofȱglassesȱofȱmilkȱ
perȱdayȱ

ȠȱȱButterȱȱ
ȠȱȱButterȱ50%ȱ+ȱMargarineȱ50%ȱfatȱ
ȠȱȱCookingȱmargarine,ȱ80%ȱfatȱ
ȠȱȱTableȱmargarine,ȱ80%ȱfatȱ
ȠȱȱOilȱ
ȠȱȱDon’tȱknowȱ
ȠȱȱWholeȱmilk,ȱ3%ȱfatȱȱ
ȠȱȱMilk,ȱ1.5%ȱfatȱ
ȠȱȱSkimȱmilk,ȱ0.5%ȱfatȱ
ȠȱȱMilk,ȱ3.8Ȭ4.5%ȱfatȱ
ȠȱȱIȱdon’tȱdrinkȱmilkȱ
ȱȱ
ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱglassesȱ

How often do you eat the following foods?
Never/
seldom
Butter on sandwiches
Margarine on sandwiches
Cheese
Skim milk, 0.5% fat
Milk, 1.5% fat
Whole milk, 3% fat
Yoghurt, 0.5% fat
Yoghurt, 3% fat
Whole meal bread
White bread
Crisp bread
Potatoes, cooked
Potatoes, fried
French fries
Root vegetables (carrots,
beets, etc)
Cabbage
Tomatoes
Lettuce, cucumber
Spinach, kale
Apples, pears
Citrus fruits
Banana
Juice
Oat meal, gruel, hot cereal
Cold cereal, müsli
Pancakes, waffles
Rice
Spaghetti
Brown beans, pea soup
Meat, whole pieces

1-3
month

1
week

2-3
week

4-6
week

1
day

2-3
day

4
day

Never/
seldom
Meat, stews, casseroles
Bacon
Minced meat
Sausage & sausage dishes
Cold cuts
Liver pate
Blood pudding/sausage
Liver, kidney
Poultry
Eggs, scramled eggs
Salmon, mackerel, herring
Other fish
Sea food (shrimp, mussels,
crab)
Chips, popcorn, nuts,
cheese doodles
Rolls, crackers, cookies
Ice cream
Sweet soup
Jam, marmelade
Lemonade
Sodas
Candy
Chocolate
Sugar
Coffee
Tea
Beer, 0.5% alcohol
Beer, 2.8% alcohol
Beer, 4.5% alcohol
Wine
Hard liquor, 40% alcohol

1-3
month

1
week

2-3
week

4-6
week

1
day

2-3
day

4
day

Personal national registration number

–

SMC 97: LIFE HABITS AND HEALTH AMONG WOMEN
Please use a biro/pen with blue or black ink.
Make a small cross in the small boxes

Answer this way:

Write clear numbers in the big boxes.
WEIGHT
1. How much did you weigh at birth?
Less than
1500 grams

15002499

25003999

40004999

PHYSICAL ACTIVITY AND EXERCISE
Över
5000

Don’t
know

10. Mark your level of physical activity at different
ages:
Home/householdwork

15 yrs 30 yrs 50 yrs this yr

Less than 1 hour/day
1-2 hours/day

2. Were you born more than a month too early?

3-4 hours/day

Yes

No

3. Are you a twin?

5-6 hours/day
7-8 hours/day

Yes

No

More than 8 hours/day

4. How was your figure at 10 years of age?

Walking/cycling

15 yrs 30 yrs 50 yrs this yr

Hardly ever
Less than 20 min/day
20-40 minutes/day
40-60 minutes/day
1-1,5 hours/day

10 years
5. How talll were you at 20?

cm

More than 1,5 hours/day

Work/occupation
20 yrs
60 yrs

30 yrs

40 yrs

70 yrs

80 yrs

15 yrs 30 yrs 50 yrs this yr

Mostly sitting down

6. How much did you weigh at (in kilos):

Sitting down half the time

50 yrs

Mostly standing up

Weight now

Mostly walking, lifts, carry little
Mostly walking, lifts,carry much

Heavy manual labour

7. What are your measures around waist and hips?
Waist

cm

Hips

Cm

8. Have you ever in your life lost 5 kg or more in less
than 1 year? If yes, why?
No, never
Yes, after pregnancy
Yes, due to dieting

times, Illness

times

more active

times, Other

times

Leisure time
Watching TV/reading
Less than 1 hour/day

15 yrs 30 yrs 50 yrs this yr

1-2 hours/day
3-4 hours/day
5-6 hours/day
More than 6 hours/day

Exercise
Less than 1 hour/week
1 hour/week
2-3 hours/week

9. If you ever dieted, what methods did you use?
Weight watchers

Less fat

Fasting

Fibre tablets

Dieting powder
e.g. Nutrilett

Medicines
e.g. Obesedyl

Other

4-5 hours/week
More than 5 hours/week

11. How many hours in 24 hours do you usually...
Sleep

hours/
24 hours

hours/

24 hours

DIETARY HABITS IN THE LAST YEAR
12. How much do you drink/eat of the following:
Per day or

1 glass=2 dl

Glass/d

glass/w

Milk 1,5% fat

Glass/d

glass/w

Milk 3% fat

glass/d

glass/w

Light sour milk/yog.

glass/d

glass/w

Sour milk/yoghurt

glass/d

glass/w

Soft drinks/soda

glass/d

glass/w

Beer, 1,8% alc.

glass/d

glass/w

Tea

cups/d

cups/w

Coffee

cups/d

cups/w

Sugar/honey

Teasp.
lumps/d

Teasp.
lumps/d

Cheese 28% fat

Slices/d

slices/w

Cheese 10-17% fat

Slices/d

slices/w

Cottage/creamchees

Tablespoons

TableSpoons

Crispbread

Slices/d

slices/w

White bread

Slices/d

slices/w

Wholemeal bread

Slices/d

slices/w

13. How many slices of bread with butter/margarine
do you usually eat per day or per week?
Slices/day

slices/week

14. How much butter/margerine do you usually
spread on your bread?
Fairly thick

Thinly

Very thin

None at all

15. What types of fat do you usually use?
HomeSandmade
wiches dressing
Butter (80% fat)
50% butter/50% marg.
Margarine (80% fat)
Light margarine (40% fat)
Margarine (80% fat)
Oliveoil
Rape-oil
Cooking oil (corn-, sunflower seed-,soy-)
Liquid margarine
I do not use any type of fat

Mark only one cross on each line.

CEREALS

Per week

Milk <0,5% fat

1 cup=1,5 dl

17. On average, how often do you eat the following?
Times per month

... day

2 3+

Oatmeal
Other porridge/gruel
Cereals/müesli
Spaghetti/ macaroni
Pancakes
Pizza
Rice
Bran of wheat or oats
Times per month

MEAT

... week

... day

0 1-3 1-2 3-4 5-6 1

2 3+

Meatballs/hamburger/
mincemeat sauce
Pork (steak/casserole)
Beaf/veal (-“-)
Sausage (fried/boiled)
Blood pudding
Liver/kidney
Liver paté
Meat/sausage (bread)
Times per month
... week
... day
POULTRY/FISH/EGG 0 1-3 1-2 3-4 5-6 1 2 3+
Chicken/other poultry
Herring/mackerel
Salmon/whitefish
Cod/saithe/fishfingers
Caviar
Shellfish (shrimps etc)
Eggs/omelette
Time per month
... week
... day
POTATOES ETC
0 1-3 1-2 3-4 5-6 1 2 3+
Boiled potatoes
Fried potatoes
French fries
Carrots
Beetroot
Time per month
... week
... day

VEGETABLES
For
cooking

... week

0 1-3 1-2 3-4 5-6 1

Lettuce/iceberg lettuce
Cabbage/red cabbage
Cauliflower
Broccoli/Brusselsprouts
Tomato/tomato juice
Peppers
Spinach
Green peas
Onion/leek
Garlic
Mixed vegetables
Peasoup/beans/lentils
Soy bean products

0 1-3 1-2 3-4 5-6 1

2 3+

Times per month

FRUITS/BERRIES

... week

DIETARY SUPPLEMENTS

... day

0 1-3 1-2 3-4 5-6 1

2 3+

Orange/citrus fruits
Orange/grapefruit juice
Apple/pear
Banana

Yes, regularly

Yes, sometimes
No
If yes, how much and since when?

Berries (fresh or frozen)
Other fruits
Jam/marmelade/sauce
Stewed fruit/fruit soup
Times per month

CAKES/SWEETS ETC.

... week

... day

0 1-3 1-2 3-4 5-6 1

2 3+

tablets
per week

yr

Multivitamins

”

yr

Vitamin C

”

yr

Vitamin E

”

yr

Vitamin B6

”

yr

Calcium

”

yr

Fish oil

capsules
per week

yr

22. Which of the following do you usually eat?

Sweets (not chocolate)
Icecream
Chips/popcorn
Nuts/almonds
Light
Light
Light

Ginseng

Vit B-complex

Selenium

Folic acid

Gerimax

Beta-karoten

Zinc

Oxigard

Protector

Magnesium

Q10

Remifemin

WOMEN’S HEALTH
23. How old were you when your period started?
don’t

24. How many children have you had?

18. On average, how often do you eat fried food?

”

Gravy/meat-juice

”

Yes,

mini-pills

Brown
Charred

No, I have never used contraceptive pills/injections

Yes, ”natural”

Yes, due to hormonal treatment

No, they ceased when I was

Spirits

yrs

The bleedings ceased naturally
because my ovaries were removed surgically
because my womb was removed surgically

Y

28. Have you taken hormones (estrogen) at
menopause or later? If yes, how long?
Yes, to ease hot flushes, sweatings
from

yrs of age, total

yrs

Use now

yrs

Use now

Yes, to ease dryness in the vagina.

21. How much do you drink on each occasion?
cl

yrs

27. Do you still have menstrual bleedings?

Times per month
... week
... day
I usually drink
Aldrig 0-1 2-3 1-2 3-4 5-6 1 2 3+
Beer 2,8% alc
Beer 4,5% alc
Wine
Wine >18% alc.
Spirits 40% alc.

Wine

yrs of age, total

Yes, from

I have never had alcohol
I stopped drinking alcohol at the age of

other

hormonal stimulation,

26. Have you ever used contraceptive pills or
injections? How long? Don’t include so called

”

20. How often do you drink alcohol?

Cl

operation,

No

19. What degree of browning do these courses usually
have?
Light brown
Dark brown

yrs

25. Were you ever treated for infertility?

”

Chicken/fillet/casserole
Fried in a pan
Grilled/roasted chicken

children

Your age at the birth of the first child

Rarely
times/mont

Sausage/steak/pork chop
Fried in a pan
Fish fried in a pan

Beer

Multivitamins
With minerals
Without minerals

Buns and cakes
Biscuits/wafers/rusks
Gateau/pastries
Chocolate

Sallad dressing
Mayonaise
Crème fraiche
Cream
Ketchup

21. Do you eat vitamin, mineral or other supplements?

Cl

1 can of beer=33/50 cl, bottle of wine/spirits=75 cl, 1 dl=10

from

yrs of age, total

No, I have never received hormonal treatment.

HEALTH

OTHER QUESTIONS

29. Have you had any of the following diseases?

32. Did you ever smoke cigarettes regularly?

State what year you had the firsts diagnosis
Benign lump in the breast

yr 19

High blood pressure

yr

High colesterol

yr 19

No, I have never smoked cigarettes
Yes, I started smoking when I was
still smoking

yr 19

Coronary

yr 19

Stroke

yr 19

Diabetes

yr 19

Fracture of wrist/thighbone

yr 19

Asthma

yr 19

Cataract

yr 19

Kidney stone

yr 19

Gallstone

yr 19

Articular reumatism

yr 19

15-20 yrs 21-30 yrs 31-40 yrs 41-50 yrs 51-60 yrs this yr

33. Did you ever use snuff regularly?
No

Tabl/
Månad

Cortison tablets

No

Yes, using now,

Breast cancer
Colon cancer
Prostate cancer
Other cancer
Coronary

before the age of 60

Other training

persons in the household

there are

Yes, I live alone since

19

39. What is your present occupation?

från

Full-time work

Part-time work

Retired
Unemployed

Disability pension

Housewife

courses It is good if you can go through and check that the
questions have been answered as completely as possible.

Yes

Yes, for

F/r

University/college

Vocational/Girls’ school

No,

yrs

31. Has any of your parents or siblings had:
No Yes, M/r

Secondary school

Junior secondary school

38. Do you live alone?

Cortison for inhaling (e.g. Pulmicort, Becotide, Flutide)
No,

children
before

Compulsary school

Capsul/ from19

Ja

Brothers

37. What education/schools have you attended?

Week
Sleeping pills/insomningsmedel
Nej

In the country

She gave
birth to

Tabl/ from 19
Week
Indometacin (e.g. Indomeé, Confortid, Indometacin)
Yes

In a smaller town/community

36. How many children did your mother give birth to
before you?

Tabl/
from19
Week
Paracetamol (e.g. Alvedon, Panodil, Citadon, Curadon,
Distalgesic, Lemsip, Panocod, Reliv)

No

In a medium-sized city

Sisters

Yes

Yes

In a city /suburb

35. How many whole/half siblings do you have?

Aspirin (e.g. Magnecyl, Bamyl, Dispril, Aspirin,
Alka-Seltzer, Treo, Albyl, Bamycor, Trombyl)

No

Yes

34. Were did you grow up?

30. Have you regularly (at least 1 tabl/week) used
any of the following medicines?
If yes, how much and from what year?

No

Yrs
ago

Number of cigarettes per day at different ages

Thrombosis (deep) in the leg yr 19

Angina pectoris

yrs

stopped smoking

Sibling
number Don’t
know

Would you be willing to help the research further by giving
a blood sample for future studies of hereditary protective
Yes
No
factors?
Were you to get ill - would you allow the researchers to
study cells in a tissue sample taken in connection with a
routine diagnosis or treatment?
Yes
No
Can we call you if there is anything further we might need
Yes
No
to know?

-

Your phonenumber

Area code

MANY THANKS FOR YOUR PARTICIPATION !

