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Abstract

Objective Dietary patterns have been inconsistently

associated with breast cancer risk. We assessed dietary

patterns in association with postmenopausal breast cancer

risk using an exploratory approach.

Methods In a case–control study on postmenopausal

breast cancer risk, including incident breast cancer cases

(aged 50–74 years) diagnosed between 2002 and 2005 in

Germany, information from a food frequency questionnaire

among 2,884 cases and 5,509 controls was used for the

identification of dietary patterns using principal component

factor analysis. Unconditional logistic regression was per-

formed to calculate odds ratios (ORs) adjusted for potential

confounders for the highest versus the lowest quintile of

dietary pattern score.

Results Two major dietary patterns were identified, i.e., a

‘‘healthy’’ (including high vegetable and vegetable oil

intake) and an ‘‘unhealthy’’ (including high meat and deep-

frying fat intake) dietary pattern. Overall, no associations

between the dietary patterns and breast cancer risk were

observed (OR = 1.04, 95% confidence interval (CI) =

(0.88, 1.23) and OR = 0.96, 95% CI = (0.81, 1.13),

respectively). Associations did not differ by ER/PR status,

body mass index, hormone replacement therapy use, edu-

cation, energy intake, and smoking status.

Conclusion In conclusion, we did not find an association

of a ‘‘healthy’’ or ‘‘unhealthy’’ dietary pattern with post-

menopausal breast cancer risk.

Keywords Breast cancer � Dietary pattern �
Postmenopausal

Introduction

Diet is one of the modifiable risk factors for breast cancer,

and several single foods, macro- and micronutrients (e.g.,

vegetables, fiber, and vitamins) have been investigated in

association with breast cancer risk [1–3]. Thus far, only

alcohol, being overweight and weight gain have been

established as risk factors for breast cancer [4]. In addition,

dietary patterns received much attention during the last

years. Dietary patterns take the whole complexity of diet

into consideration when compared to investigations of

single food items and thus can be used to also account for

interactions between foods and nutrients in assessing the

association between diet and disease risk [5].

Several studies investigating dietary patterns in relation

to breast cancer risk showed inverse associations with the

‘‘prudent/healthy’’ pattern (usually including high vegeta-

ble, fruit, whole grains, and fish intake) and positive

associations with the ‘‘western/unhealthy’’ pattern (gener-

ally characterized by high red and processed meat, refined

grains, potatoes, and butter intake) in the whole population

[6–9] or in subgroups, e.g., among smokers [10]. Some

studies showed only a positive association with the ‘‘wes-

tern/unhealthy’’ pattern but no association for any other

pattern [11, 12], whereas other studies showed only a
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protective effect for the ‘‘prudent/healthy’’ pattern either in

the total population or in certain subpopulations (e.g.,

smokers or BMI \ 25) [13–15]. Moreover, some studies

found differing dietary patterns that were associated with

breast cancer like the drinker pattern, the starch pattern, or

the traditional patterns [16–23], while others found no

association in their overall study population [10, 14]. A

recent meta-analysis on dietary patterns and breast cancer

risk resulted in a significant decreased association for the

‘‘prudent/healthy’’ dietary pattern, no association for the

‘‘western/unhealthy’’ dietary pattern and a significant

positive association for the ‘‘drinker’’ pattern [24]. Due to

the inconsistent results so far, we aimed at assessing the

association between dietary patterns and breast cancer risk

in a German case–control study.

Dietary patterns can be assessed in several ways. Either

an a priori approach can be used, in which dietary patterns

are built based on existing knowledge about dietary con-

stitutes, or an a posteriori approach, in which the existing

data from the study (i.e., from food frequency question-

naires) are used to identify the dietary patterns. We used

the latter variant in order to explore our data directly using

factor analysis.

Besides an overall breast cancer risk assessment, we also

performed subgroup analyses according to estrogen and

progesterone receptor (ER/PR) status, body mass index,

hormonal replacement therapy use, educational status,

energy intake, and smoking habits.

Materials and methods

Study population

The population-based case–control study MARIE (Mam-

makarzinom Risikofaktoren Erhebung) was conducted

from August 2002 to September 2005 in two German study

regions (Hamburg and Rhine-Neckar-Karlsruhe) to assess

menopausal hormone therapy and lifestyle factors in rela-

tion to breast cancer risk. The study has been previously

described in great detail [25]. In brief, German-speaking

women aged 50–74 years and diagnosed with histologi-

cally confirmed primary invasive or in situ breast cancer

were identified through participating clinics and cancer

registries. For each patient, two age- and study center-

matched controls were randomly selected using inhabitant

registries. In total, 3,919 cases (64% of eligible) and 7,421

controls (43% of eligible), of which 3,464 cases and 6,657

controls were postmenopausal, took part in the study. The

study was approved by the ethics committee of both the

University of Heidelberg and the University of Hamburg,

and conducted in agreement with the Helsinki declaration.

All participants gave written informed consent.

Women were defined as postmenopausal if their last

menstrual bleeding was at least 12 months before age at

diagnosis for cases, and at least 12 months before age at

recruitment for controls, if they reported having a bilateral

oophorectomy or cessation of menses due to radiation or

chemotherapy, if they had unclear menopausal status due to

a hysterectomy or hormone use, or if they were older than

55 years.

In-person interviews were performed to collect infor-

mation on demographic factors and on breast cancer risk

factors such as menstrual history, reproductive history,

hormonal replacement therapy for menopausal disorders,

family history of breast cancer, breastfeeding, smoking,

and alcohol consumption. In addition, a self-administered,

validated 176-item food frequency questionnaire (FFQ),

which recorded the nutritional habits 1 year prior to diag-

nosis (for cases) or recruitment (for controls), was com-

pleted by 2,944 cases and 5,625 controls.

The FFQ was very similar to the one used in the

European Prospective Investigation into Cancer and

Nutrition (EPIC) [26, 27] and included six additional food

items rich in phytoestrogens (i.e., soy milk, soy beans, tofu,

soy spread, sesame/flaxseeds and sunflower-/pumpkin-

seeds). For each food item in the FFQ, the information

about portion size and consumption frequency was used to

calculate intakes in gram per day. Nutrients were estimated

using the German food composition table BLS II.3 (Bun-

desinstitut für Gesundheitlichen Verbraucherschutz und

Veterinärmedizin) [26, 27]. This FFQ was validated for

food groups, energy, and nutrient intake [26, 27]. Exclusion

criteria for the analyses comprised participants with miss-

ing data and participants in the top and bottom 1% energy

range. Thus, 2,884 cases and 5,509 controls were included

in the current analyses.

Definition of food groups

The 176 FFQ food items were assigned to one of 80 food

classes using the EPIC-Soft software [28]. Further, 76 of

the 80 food classes and six phytoestrogen-rich food items

were grouped into food groups based on nutrient profiles or

culinary usage, similar to other studies [10, 29, 30]. Four

food classes were defined as ‘unclassified’ and thus were

not classified. Food items not fitting into any of the food

groups or representing separate food groups were retained

as individual food groups (e.g., eggs, butter, cabbages, and

potatoes). In total, 33 food groups were defined (Table 1).

Factor analysis

Factor analysis was performed on 33 food groups. Principal

components and maximum-likelihood estimates were used

to extract factors explaining the maximum proportion of
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the variance in the correlation matrix of the food groups.

Principal component factor analysis (PCFA) was per-

formed using SAS statistical software environment (ver-

sion 9.1). The number of factors to be retained in the model

was determined by eigenvalues of the correlation matrix

(greater than 1 for PCFA), Scree plots, proportion of var-

iance ([75%) explained by the identified factors, and the

natural interpretability of each factor. An orthogonal

transformation (varimax) was used to rotate the correlation

matrix in order to get a simpler data structure with greater

interpretability [31]. Each individual was assigned a factor

score for each identified pattern using the SAS procedure

score. Thus, individuals with high scores for a dietary

pattern have a greater tendency to follow the pattern than

individuals with a low score. Labeling of the factor (i.e.,

dietary pattern) was performed quantitatively using a cut-

off of 0.30 of the factor loadings. Also, a subgroup analysis

by study center was conducted to assess the reproducibility

of the dietary patterns retrieved. Confirmatory identifica-

tion of dietary patterns was also performed using maxi-

mum-likelihood factor analysis using R statistical software

environment (version 2.9.2). However, PCFA was more

appropriate for these data because of potentially non-

normal distributions, and only results for PCFA are shown.

Statistical methods

Unconditional logistic regression was used to assess the

association between the factor score and postmenopausal

breast cancer risk. Odds ratios (ORs) and 95% confidence

intervals (CIs) were calculated using the LOGISTIC proce-

dure of the SAS statistical software package, version 9.1 (SAS

Institute, Cary, NC). The factor score distribution among

controls was used for quintile definition. Higher quintiles of

the factor score were compared to the lowest quintile.

Univariate and multivariate odds ratios were estimated.

All multivariate analyses were adjusted for year of birth

(B1934, 1935–1939, 1940–1944, 1945–1949, C1950), and

study center (Rhine-Neckar-Karlsruhe, Hamburg), meno-

pausal induction [natural with/without hormonal replace-

ment therapy (HRT), bilateral oophorectomy (chemical or

by radiation), hysterectomy, start of HRT], body mass

index (BMI) (\22.5, 22.5–25, 25–30, C30 kg/m2), occu-

pational level (low, simple, medium, higher, highest), first-

degree family history of breast cancer (yes, no, unknown),

history of benign breast disease (yes, no, unknown),

number of pregnancies (C28th week) (0, 1, 2, C3), age at

menarche (\12, 12–14, C15), breastfeeding history (ever,

never), total number of mammograms (0, 1–4, 5–9, C10,

unknown), smoking habits (never, past, current), and total

energy (kJ/day in continuous).

Table 1 Food groups and food classes

Food group Food classesa

Processed meat Processed meat

Red meat Pork, beef, mutton/lamb, rabbit (domestic),

veal, fresh meat, unclassified

Offals Offals

Fish Fish, fish products, fish in crumbs

Eggs Egg

Poultry Chicken, hen, unclassified and other poultry

Butter Butter

Margarine Margarines

Dairy products Milk, milk beverages, yogurt, fromage blanc,

petits suisses, cheeses (including fresh

cheeses), cream desserts, puddings (milk-

based), dairy creams, milk for coffee and

creamers

Liqueurs/spirits Liqueurs, aniseed drinks (pastis, etc.), spirits,

brandy, fortified wines (cherry, porto, etc.)

Wine Wine

Beer Beer, cider

Tea Herbal tea, tea

Coffee Coffee

Fruits Mixed fruits, fruits

Fruit juice Fruit and vegetable juices

Cabbages Cabbages

Fruiting/leafy/other

vegetables

Tomato sauces, fruiting vegetables, leafy

vegetables (except cabbages), mushrooms,

mixed salad, mixed vegetables, root

vegetables, stalk vegetables, sprouts

Legumes/soya Soya products, legumes, soy milk, soy beans,

tofu, soy bread spread, grain and pod

vegetables

Garlic/onions Garlic, onions

Potatoes Potatoes

Deep-frying fat Deep-frying fats, other animal fat

Breakfast cereals Breakfast cereals

Grains Flour, flakes, starches, semolina, pasta, rice,

other grain, bread, crispbread, rusks

Snacks Dough and pastry, salty biscuits, aperitif

biscuits

Nuts/seeds Nuts, seeds, nut spread, sesame/flaxseeds,

sunflower-/pumpkinseeds

High-energy drinks Carbonated, soft, isotonic, etc.

Water Waters

Oil and vinegar

dressing

Vegetable oils, dressing sauces

Mayonnaise Mayonnaises and similars

Soup Soups, bouillon

Sweets and desserts Dry cakes, biscuits, cakes, pies, pastries, ice

cream, water Ice, chocolate, candy bars,

paste, confectionery non-chocolate

Condiments Condiments, sugar, honey, jam

a In g/d
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Table 2 Distribution of breast cancer risk factors and other baseline characteristics among postmenopausal cases (n = 2,884) and controls

(n = 5,509)

Cases Controls

n (%) n (%)

Age at menarche (years)

\12 244 (8.5) 448 (8.1)

12 to \15 1,875 (65.0) 3,481 (63.2)

[15 762 (26.4) 1,570 (28.5)

Missing 3 (0.1) 10 (0.2)

Number of pregnancies C28 weeks

No children 507 (17.6) 869 (15.8)

1 child 823 (28.5) 1,397 (25.4)

2 children 1,066 (37.0) 2,125 (38.6)

C3 children 488 (16.9) 1,118 (20.3)

Breastfeeding history

No 1,079 (37.4) 1,833 (33.3)

Yes 1,804 (62.6) 3,676 (66.7)

Missing 1 (0.0) – –

Induction of menopause

Natural with/without HRT 1,472 (51.0) 3,009 (54.6)

Bilateral oophorectomy (chemical or by radiation) 203 (7.0) 414 (7.5)

Hysterectomy 660 (22.9) 1,262 (22.9)

Start of HRT 497 (17.2) 741 (13.5)

Other 52 (1.8) 83 (1.5)

First-degree family history of breast cancer

No 2,205 (76.5) 4,539 (82.4)

Yes 522 (18.1) 663 (12.0)

Missing 157 (5.4) 307 (5.6)

History of benign breast disease

No 1,660 (57.6) 3,575 (64.9)

Yes 1,218 (42.2) 1,920 (34.9)

Missing 6 (0.2) 14 (0.3)

Number of mammograms

No 295 (10.2) 583 (10.6)

4-Jan 967 (33.5) 2,394 (43.5)

9-May 732 (25.4) 1,327 (24.1)

C10 869 (30.1) 1,163 (21.1)

Unknown 21 (0.7) 42 (0.8)

Body mass index (kg/m2)

\22.5 1,295 (44.9) 2,448 (44.4)

22.5 to \25 921 (31.9) 1,732 (31.4)

25 to \30 567 (19.7) 1,109 (20.1)

C30 101 (3.5) 215 (3.9)

Missing – – 5 (0.1)

Occupational level

Low worker 352 (12.2) 640 (11.6)

Simple employments 667 (23.1) 1,362 (24.7)

Medium employments 1,150 (39.9) 2,174 (39.5)

Higher employments 584 (20.3) 1,091 (19.8)

Highest employments 122 (4.2) 217 (3.9)
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Since the association of dietary patterns with breast

cancer risk may be modified by several risk factors, sub-

group analyses were performed by BMI category (\25,

C25 kg/m2), HRT use (never, ever), smoking habits (never,

past, current), education level (low, medium, high) as a

representative of socioeconomic status (dietary habits may

differ between social groups), and energy intake (below

and above median energy intake of the whole population).

For the analysis of the dietary patterns by ER/PR status of

the tumor (ER-positive/PR-positive, ER-positive/PR-neg-

ative or ER-negative/PR-positive, ER-negative-/PR-nega-

tive), polytomous logistic regression models were applied

controlling for the above-mentioned adjustment variables

in multivariate analyses. Further, a sensitivity analysis by

exclusion of in situ carcinomas was performed.

To test for linear trend, median values of each factor

score category were used as ordinal variables and entered

in logistic regression models. Tests for heterogeneity

between risk estimates were performed using the Q sta-

tistic. p values below 0.05 were considered significant.

Results

The 33 food groups included five non-alcohol beverage

food groups as well as three groups on alcoholic bever-

ages (liqueurs/spirits, wine, and beer), four groups on

meat intake (poultry, processed, red meat, and offals),

one group on fish intake, five groups on vegetable intake

(cabbages, fruiting/leafy/other vegetables, legumes/soya,

garlic/onion, potatoes), four groups on fat intake (butter,

margarine, deep-frying fat, and oil and vinegar dressing),

as well as eleven other food groups, as listed in Table 1.

Baseline characteristics of the 2,884 cases and 5,509

controls included in the dietary pattern analyses are

shown in Table 2. Cases and controls differed with

respect to several characteristics: cases had fewer preg-

nancies, had less often breastfed, had more mammo-

grams, and were more likely to have a non-natural

induction of menopause, a first-degree relative with

breast cancer, and a positive history of benign breast

diseases when compared to controls. No differences in

Table 2 continued

Cases Controls

n (%) n (%)

Unknown 9 (0.3) 25 (0.5)

Smoking habits

Never 1,579 (54.8) 2,951 (53.6)

Past 792 (27.5) 1,625 (29.5)

Current 513 (17.8) 930 (16.9)

Unknown – – 3 (0.1)

Alcohol consumption (g/d)

0 404 (14.0) 763 (13.9)

0 to 18.9 2,107 (73.1) 4,033 (73.2)

C19 371 (12.9) 706 (12.8)

Unknown 2 (0.1) 7 (0.1)

Hormonal receptor status of the tumor

ER

Positive 2,120 (73.5)

Negative 542 (18.8)

Unknown 222 (7.7)

PR

Positive 1,798 (62.3)

Negative 864 (30.0)

Unknown 222 (7.7)

ER/PR status

ER-positive/PR-positive 1,710 (59.3)

ER-positive or PR-positive 491 (17.0)

ER-negative/PR-negative 456 (15.8)

Missing 227 (7.9)

ER estrogen receptor, HRT hormonal replacement therapy, PR progesterone receptor
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age at menarche, BMI, occupational level, smoking

habits, and alcohol consumption were observed.

Two major dietary patterns were identified using PCFA:

(1) high fruit, fruiting, leafy and other vegetables, garlic/

onion, vegetable oils, and mayonnaise intake (further

referred to as the ‘‘healthy’’ pattern) explaining 48.2% of

the variance; (2) high processed and red meat, garlic/onion,

and deep-frying fat intake (further referred to as the

‘‘unhealthy’’ pattern) explaining 29.8% of the variance

(Table 3). Some baseline characteristics and food and

nutrient intakes in quintile 1 and 5 of both dietary patterns

are shown in Table 4. Within the ‘‘healthy’’ pattern, sub-

jects in the highest quintile were younger, had higher

energy, fat, protein, fiber, vitamin C, cholesterol, and salt

intake when compared to subjects in the lowest quintile but

not different with respect to BMI, carbohydrates and

alcohol intake, and polyunsaturated to saturated fatty acids

ratio. Within the ‘‘unhealthy’’ pattern, energy, fat, protein,

alcohol, cholesterol, and salt intake, as well as BMI were

higher in the highest compared to lowest quintile, whereas

carbohydrates intake was lower. Only marginal differences

were observed for age, polyunsaturated to saturated fatty

acids ratio, fiber, and vitamin C intake.

Table 5 shows the ORs for overall breast cancer risk and

for subgroup analyses by ER/PR status. After adjustment

for potential confounders, breast cancer risk did not differ

among women in the highest compared to the lowest

quintile of the ‘‘healthy’’ or the ‘‘unhealthy’’ dietary pat-

tern. Also, no statistically significant trends were observed.

Only for ER-/PR-negative tumors, a significant inverse

association was observed for the ‘‘unhealthy’’ pattern (P for

trend = 0.02). All other ER/PR subgroups did not show

significant results for any pattern. For the ‘‘healthy’’ pat-

tern, no heterogeneity was observed (P = 0.85), whereas

the association of the ‘‘unhealthy’’ pattern was heteroge-

neous between the ER/PR subgroups (P = 0.05).

Further, subgroup analyses by BMI, HRT use, smoking

habits, education level, and energy intake did not show any

statistically associations between the dietary patterns and

breast cancer risk (data not shown). In addition, associa-

tions were similar for both study centers (data not shown).

Sensitivity analysis by exclusion of in situ carcinomas

did not result in changes of the estimates either for the

‘‘healthy’’ pattern or for the ‘‘unhealthy’’ pattern and breast

cancer risk association.

Discussion

We identified two dietary patterns by PCFA, a ‘‘healthy’’

and an ‘‘unhealthy’’ dietary pattern. However, none of

these dietary patterns was statistically significantly asso-

ciated with postmenopausal breast cancer risk.

Our null results for the ‘‘healthy’’ and ‘‘unhealthy’’

dietary patterns in relation to postmenopausal breast cancer

risk are in line with findings from several other studies, for

instance with the results from three cohorts in which pre-

menopausal [14] and postmenopausal [10, 21] breast can-

cer risk was not associated with any dietary pattern. A

recent systematic review and meta-analysis found a

decreased breast cancer risk for the highest compared with

the lowest categories of ‘‘prudent/healthy’’ dietary patterns,

whereas no association for a ‘‘western/unhealthy’’ dietary

Table 3 Food group factor loadings for the ‘‘healthy’’ and

‘‘unhealthy’’ dietary pattern, identified using PCFA

Food group Factor loadings:

‘‘Healthy’’

pattern

Factor loadings:

‘‘Unhealthy’’

pattern

Processed meat 0.02 0.52

Red meat 0.17 0.61

Offals 0.04 0.27

Fish 0.22 0.01

Eggs 0.03 0.20

Poultry 0.16 0.29

Butter -0.05 0.19

Margarine 0.03 0.09

Dairy products 0.12 -0.12

Liqueurs/spirits -0.01 0.10

Wine 0.02 0.08

Beer -0.03 0.17

Tea 0.17 -0.17

Coffee -0.03 0.15

Fruits 0.33 -0.18

Fruit juice 0.09 0.01

Cabbages 0.28 0.10

Fruiting/leafy/other vegetables 0.74 0.00

Legumes/soya 0.16 -0.09

Garlic/onions 0.53 0.33

Potatoes 0.10 0.22

Deep-frying fat 0.04 0.35

Breakfast cereals 0.12 -0.25

Grains 0.09 0.10

Snacks 0.08 0.15

Nuts/seeds 0.19 -0.18

High-energy drinks -0.05 0.13

Water 0.13 -0.11

Oil and vinegar dressing 0.75 0.08

Mayonnaise 0.35 0.08

Soup 0.22 0.09

Sweets and desserts 0.01 0.09

Condiments 0.00 0.04

Factor loadings larger than 0.3 are shown in bold

PCFA principal component factor analysis
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pattern was found [24]. Different from the ‘‘prudent/heal-

thy’’ dietary patterns associated with breast cancer risk in

other studies, the ‘‘healthy’’ pattern of our study was not

characterized by high intake of dairy products and low

intake of mayonnaise. High intake of mayonnaise in our

‘‘healthy’’ pattern can be explained by the fact that may-

onnaise intake was primarily from salad dressings. High

intake of sweets and desserts as well as grains, which were

usually part of the ‘‘unhealthy/western’’ pattern, did not

apply to this pattern in our study population.

There may be several reasons for the null findings of our

study. One explanation for not finding an association for

the ‘‘unhealthy’’ pattern with breast cancer risk may be due

to the fact that this pattern rather represents the traditional

dietary pattern consumed in Germany, containing high

amounts of potatoes, onions, garlic, and grains besides the

mentioned food groups of processed meat, red meat, and

deep-frying fat. Further, the onset of the ‘‘unhealthy’’

pattern is more likely to be in childhood than the initiation

of the ‘‘healthy’’ pattern. Women reporting a ‘‘healthy’’

diet 1 year before diagnosis are likely to have had the

‘‘unhealthy’’ dietary pattern during their childhood and

adolescence, too. It is unknown which time period is

mostly relevant for breast cancer risk and whether this

period is recorded by the FFQ. However, it was reported

that dietary behavior in childhood and adolescence might

have implications on the development of breast cancer in

adulthood [32, 33]. Thus, it might be possible that the diet,

which is mostly related to breast cancer risk, was not

recorded by the FFQ (e.g., during childhood or adoles-

cence). Further, over- and underreporting of certain foods

and total energy intake is of concern, especially in obese

women [34–36]. This may have resulted in misclassifi-

cation of women into categories of dietary patterns.

Results from studies conducted in the United States

appear to be different from those conducted in Europe. In

the United States, most studies have shown that the ‘‘pru-

dent’’ pattern is associated with a breast cancer risk

reduction and/or the ‘‘western’’ pattern is associated with

an increased risk of breast cancer in the entire study pop-

ulation or at least in a subgroup [8, 10, 13]. Most European

studies, on the other hand, observed no association for

the ‘‘prudent/healthy’’ and ‘‘western/unhealthy’’ patterns

[16, 18, 22, 23], and in some studies even a protective effect

of the ‘‘Animal Products’’ or the ‘‘Pork, Processed meat

and Potato’’ pattern was found [17, 20]. The differences

between the two dietary patterns might be more extreme in

the United States. ‘‘Western’’ patterns in the United States

may contain really low amounts of vegetables and fruits,

and ‘‘prudent’’ patterns may be completely opposite to the

‘‘western’’ pattern, whereas in Europe these dietary pat-

terns might not be totally separated. Thus, the identified

patterns in this study may not represent dietary patterns that

are associated with breast cancer risk. Despite similar

labels, the ‘‘prudent’’ and ‘‘western’’ dietary patterns in the

United States and Europe are actually different, possibly

reflecting cultural differences in eating habits. Also, dif-

ferences in agricultural practices, food processing and other

growing influences may result in differing nutrient content

or different content of carcinogens present as food addi-

tives, pesticides, and preservatives.

Subgroup analyses by smoking habits, energy intake,

educational status, BMI, and HRT use did not yield sta-

tistically significant association for any dietary pattern with

Table 4 Baseline characteristics for the ‘‘healthy’’ and ‘‘unhealthy’’ dietary patterns

Variable ‘‘Healthy’’ pattern ‘‘Unhealthy’’ pattern

Quintile 1 Quintile 5 Quintile 1 Quintile 5

Mean SD Mean SD Mean SD Mean SD

Age 64.0 5.7 62.8 5.3 63.1 5.4 63.1 5.4

BMI (kg/m2) 23.3 3.3 23.5 3.3 22.5 2.9 23.8 3.4

Energy (kJ/d) 6,018.1 1,701.1 8,465.6 2,184.1 6,361.2 1,879.0 8,610.5 2,107.1

Fat (% of energy) 34.4 6.5 36.0 5.7 31.8 5.6 37.9 5.9

Protein (% of energy) 14.9 2.6 16.2 2.9 15.1 2.5 16.7 3.1

Carbohydrates (% of energy) 46.6 7.5 44.2 7.0 49.8 6.4 40.7 6.7

Alcohol (% of energy) 3.9 6.2 3.4 4.6 2.9 4.4 4.8 6.4

Fiber (mg/d) 16,031.2 4,642.5 25,744.2 7,544.9 21,415.1 7,232.1 21,456.0 6,964.3

Vitamin C (mcg/d) 79,559.5 36,592.6 164,158.6 75,591.4 121,729.0 65,771.7 123,920.6 61,947.5

Cholesterol (mg/d) 207.0 80.2 286.0 113.6 177.2 67.1 339.9 106.3

Salt (mg/d) 3,702.1 1,143.9 5,175.6 1,778.4 3,593.4 1,202.9 5,558.0 1,780.0

Polyunsaturated to saturated fatty acids 0.3 0.1 0.5 0.2 0.4 0.2 0.4 0.1
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breast cancer risk. Diet may have a stronger effect in

ER-/PR-negative tumors where the role of estrogen may be

smaller than in ER-positive breast cancer. There was no

difference by ER/PR status for the ‘‘healthy’’ dietary pat-

tern. However, the ‘‘unhealthy’’ pattern showed a signifi-

cant inverse association with ER-/PR-negative breast

cancer risk. Thus far, only three studies investigated dietary

patterns in relation to ER status defined breast cancer risk,

with inconsistent results [6, 10, 21]. We do not have an

explanation for our finding in the ER-/PR-negative sub-

group and the ‘‘unhealthy’’ pattern and cannot exclude the

possibility of a chance finding as a consequence of testing

multiple hypotheses. Therefore, further studies are neces-

sary to clarify the association between dietary patterns and

breast cancer defined by ER/PR status.

A general problem of factor analysis is that there are

several subjective decisions (e.g., number of patterns to be

retained, prior classification into food groups, rotation

method used, naming of the factors) [37]. These facts were

also critically described in a review on dietary patterns and

breast cancer risk [38]. However, the dietary patterns we

identified are similar to those identified by other studies,

with the ‘‘healthy’’ pattern resembling the ‘‘prudent’’ pat-

tern and the ‘‘unhealthy’’ pattern being similar to the

‘‘meat/western’’ pattern [7, 10, 12, 14, 20, 23].

Although we used a validated food frequency ques-

tionnaire, measurement error and recall bias could not be

excluded in this study [39]. Especially, recall bias is very

likely as there is a median time range of 5.6 months (inter-

quartile range of 1.7–14.9 months) between breast cancer

Table 5 Univariate and multivariate odds ratios for ‘‘healthy’’ and ‘‘unhealthy’’ dietary patterns in relation to postmenopausal breast cancer risk

Cases/controls OR (95% CI) of factor score quintiles P for

linear trend
Quintile 2 Quintile 3 Quintile 4 Quintile 5

‘‘Healthy’’ pattern

Overall

Univariate 2,884/5,509 1.21 (1.05–1.39) 1.01 (0.88–1.17) 1.10 (0.95–1.27) 1.14 (0.98–1.31) 0.30

Multivariatea 2,884/5,509 1.17 (1.01–1.36) 0.97 (0.83–1.13) 1.04 (0.89–1.22) 1.04 (0.88–1.23) 0.85

ER-positive/PR-positive breast cancerb

Univariate 1,710/5,509 1.25 (1.06–1.48) 0.99 (0.83–1.19) 1.08 (0.91–1.29) 1.13 (0.95–1.35) 0.54

Multivariatea 1,710/5,509 1.24 (1.04–1.49) 0.97 (0.80–1.17) 1.05 (0.87–1.27) 1.06 (0.87–1.31) 0.86

ER-positive or PR-positive breast cancerb

Univariate 491/5,509 1.26 (0.94–1.67) 1.21 (0.90–1.62) 1.08 (0.80–1.46) 1.09 (0.81–1.48) 0.97

Multivariatea 491/5,509 1.17 (0.87–1.59) 1.14 (0.83–1.55) 0.98 (0.71–1.35) 0.97 (0.69–1.37) 0.48

ER-negative/PR-negative breast cancerb

Univariate 456/5,509 0.95 (0.70–1.28) 0.84 (0.61–1.14) 1.09 (0.81–1.46) 1.09 (0.81–1.46) 0.33

Multivariatea 456/5,509 0.90 (0.66–1.24) 0.79 (0.57–1.10) 1.02 (0.74–1.40) 0.96 (0.68–1.34) 0.87

‘‘Unhealthy’’ pattern

Overall

Univariate 2,884/5,509 1.13 (0.98–1.30) 1.05 (0.91–1.21) 1.01 (0.88–1.17) 1.03 (0.90–1.19) 0.83

Multivariatea 2,884/5,509 1.14 (0.98–1.32) 1.02 (0.88–1.19) 0.98 (0.84–1.15) 0.96 (0.81–1.13) 0.25

ER-positive/PR-positive breast cancerb

Univariate 1,710/5,509 1.29 (1.09–1.54) 1.19 (1.00–1.42) 1.16 (0.98–1.39) 1.17 (0.98–1.40) 0.33

Multivariatea 1,710/5,509 1.31 (1.09–1.57) 1.17 (0.98–1.41) 1.14 (0.94–1.38) 1.11 (0.91–1.36) 0.78

ER-positive or PR-positive breast cancerb

Univariate 491/5,509 0.92 (0.69–1.23) 0.98 (0.74–1.30) 0.85 (0.63–1.14) 0.92 (0.69–1.23) 0.50

Multivariatea 491/5,509 0.94 (0.70–1.27) 1.00 (0.75–1.35) 0.88 (0.65–1.21) 0.92 (0.66–1.27) 0.55

ER-negative/PR-negative breast cancerb

Univariate 456/5,509 1.06 (0.79–1.42) 0.87 (0.64–1.19) 1.00 (0.74–1.35) 0.86 (0.64–1.17) 0.30

Multivariatea 456/5,509 1.05 (0.78–1.42) 0.77 (0.56–1.06) 0.86 (0.63–1.18) 0.69 (0.49–0.98) 0.02

OR odds ratio, 95% CI 95% confidence interval, ER estrogen receptor, PR progesterone receptor
a Adjusted for year of birth, study center, menopausal induction, BMI, education level, first-degree family history of breast cancer, history of

benign breast disease, number of pregnancies, age at menarche, breastfeeding history, total number of mammograms, smoking habit, and total

energy
b Calculated using polytomous logistic regression
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diagnosis and completion of the FFQ. However, results did

not differ for cases completing the FFQ within or after

5.6 months of diagnosis (data not shown). In addition, the

FFQ employed may not have sufficiently accounted for all

relevant food items in certain food groups. Fish, for

example, was not asked in enough detail to subgroup the

fish intake. Similarly, vegetable oils were asked with

respect to dressings and frying fats and therefore only a

food group ‘‘oil and vinegar dressing’’ including all types

of oil and a group ‘‘deep-frying fat’’ were available to

represent oil intake. These two groups loaded, however,

either for the ‘‘healthy’’ (oil and vinegar dressing) or for the

‘‘unhealthy’’ pattern (deep-frying fat). In addition, fat

intake was covered by butter and margarine food groups,

which did not load strong for any of the patterns. More-

over, like in every case–control study, selection bias cannot

be excluded since part of the study subjects did not com-

plete the FFQ. Although we adjusted for a broad range of

confounders and breast cancer risk factors, we cannot

exclude residual confounding by factors not recorded in

our study.

In conclusion, we found neither a ‘‘healthy’’ nor an

‘‘unhealthy’’ dietary pattern to be associated with the risk

of breast cancer in German postmenopausal women.
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