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Abstract

Objective: Valid dietary data are essential when trying to identify whether or not one
or more dietary exposures are responsible for disease. We examined diet composition
in women who reported dietary change in the past compared with non-changers, and
how the associations between dietary factors and postmenopausal breast cancer are
influenced by dietary change, obesity status and misreporting of energy.

Design: A population-based prospective cohort study. Data were obtained by a diet
history method, anthropometrical measurements and an extensive lifestyle
questionnaire including items on past food habit change.

Setting: The Malmo Diet and Cancer (MDC) study, conducted in Malmo, Sweden.
Subjects: A subsample of 12781 women from the MDC cohort recruited from 1991 to
1996. A total of 428 postmenopausal women were diagnosed with incident breast
cancer, during 9.2 years of follow-up.

Results: Past food habit changers reported healthier food habits and lower energy
intake compared with non-changers, a finding that raises issues regarding possible
reporting biases. When excluding diet changers, the trend of increased breast cancer
risk across omega-6 fatty acid quintiles was stronger, and a tendency of decreased risk
emerged for ‘fruit, berries and vegetables’. When excluding individuals with non-
adequate reports of energy intake, risk estimates were similar to that of the whole
sample. In women with body mass index <27 kgm™?, significant trends of increased

breast cancer risk were seen for total fat and omega-6 fatty acids, and of decreased risk Keywords

. . ) Past food habit change
for ‘fruit, berries and vegetables’. Obesity
Conclusions: This study indicates that both obesity and self-reported past food habit Under-reporfing
change may be important confounders of diet—breast cancer relationships. The study Breast cancer
demonstrates that sensitivity analysis, through stratification, may facilitate interpret- Postmenopausal

ation of risk relationships and study results. Cohort studies

Epidemiology contributes essential knowledge on the
relationship between diet and chronic diseases. Nutrition
studies commonly use prospective designs so that the
reported dietary intakes are not biased by knowledge
about the disease’. Indeed, there is evidence that biases
may exist in dietary self-report that could confound diet—
disease relationships even in the context of a prospective
study (i.e. the biasing factor may be related to factors that
are involved in the process of carcinogenesis)®. Moreover,
food habits may not be constant over time, and chronic
diseases, including cancer, are believed to have long
latency periods. Accounting for temporal sequencing of
events is complicated by the fact that dietary habits from
the distant past may be of greater importance than those
close to the presentation of the disease’.

Few prospective studies have information on major
food habit changes over time. However, such information
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is essential in order to identify the diet exposure
responsible for disease, and to interpret the results of
epidemiological studies critically. During the baseline
examinations of the Malmo Diet and Cancer (MDC) study,
a number of questions on past food habit change were
asked, in order to provide an analysis of the most obvious
dietary changes. Previous cross-sectional analyses within
the MDC study have indicated that individuals with
reported past food habit change generally are more obese
than individuals not reporting a food habit change™®”.
Other studies have indicated that obese individuals
generally consume less than or the same amount of
energy as normal-weight controls®, but studies using the
doubly labelled water technique have also provided
evidence for obesity-specific under-reporting’.

The study presented herein examines if food, energy
and nutrient intakes among individuals with self-reported
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food habit change were different compared with those of
individuals with no food habit change. In order to be able
better to interpret previous results, we investigated if the
relationship between diet and breast cancer is influenced
by factors that potentially are related to bias in self-
reported dietary data: the study examined by stratified
analysis if dietary change, obesity and misreporting of
energy influence the association between selected dietary
factors and breast cancer risk.

Subjects and methods

Malmo Diet and Cancer cobort

The MDC study is a population-based prospective cohort
study in the third largest city of Sweden (250000
inhabitants). During the baseline examinations from
March 1991 to October 1996, all men aged 50-73 years,
and all women aged 45-73 years, and living in Malmo
were invited to participate in the study. Only individuals
with sufficient Swedish language skills were included in
the study. With a participation rate of ~40%, the cohort
consists of 28098 individuals that either joined the study
spontaneously or joined after receiving a mail invitation. A
more detailed description of the cohort is given else-
where™”.

Participants came to the study centre on two occasions.
At the first visit, trained project staff provided groups of
participants with information on the background and aims
of the project, gave detailed instructions about the dietary
data collection procedure, distributed the study ques-
tionnaire on lifestyle and medical history, etc. and the diet
history questionnaire, and conducted direct anthropome-
trical measurements. At the second visit, individual
interviews were conducted by trained dietary interviewers
to complete the diet history (see description below) and to
check the correctness of completed questionnaires.

Study sample

This study used an age-based definition of menopausal
status. Natural menopause was determined in a group of
women (7 = 2898) in the MDC cohort without surgery
and without hormone therapy. The median natural
menopause age was 50.0 years. Therefore, only women
with an age above 50 years were considered for this study
(n = 12781). Three different versions of a socio-economic
and lifestyle questionnaire were used during the baseline
examinations. Only versions two and three had infor-
mation on all variables examined in this project (creating a
study population of 11 429 women). Version two was used
during February 1992 to December 1994 and version three
was used from December 1994 to December 1996.

When analysing breast cancer relationships, all women
above 50 years (n=12781) (all versions of the
questionnaire) were considered. The Swedish Cancer
Registry and the Southern Swedish Regional Cancer
Registry provided information on breast cancer cases
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from the time of the baseline examinations until the end of
follow-up (31 December 2003). After excluding prevalent
cancer cases, except cervical cancer in situ and non-
malignant skin carcinoma, a total of 11726 subjects
remained. Out of these, a total of 428 incident breast
cancer cases occurred during an average of 9.5 years of
follow-up. Total person-years of follow-up were 110944
years.

Past food babit change

Past change in diet was derived from the questionnaire
item ‘Have you substantially changed your eating habits
because of illness or some other reasons? Subijects
reporting a dietary change were asked for the reason for
the food habit change in closed-ended answer categories
covering both health-related and other reasons. The
various reasons for change were aggregated into two
categories. Category I (Cat D included: hypertension, high
blood lipids, overweight, diabetes, high blood sugar,
coronary and other vascular diseases, and a wish to
control body weight. The classification was based on the
assumption that these reasons were associated with the
metabolic syndrome and that these individuals might have
made similar food habit changes because they would be
given a similar type of dietary advice. Category II (Cat 1D
included reasons for change that were not associated with
any obvious dietary pattern similarities: changed degree of
physical activity, gastrointestinal disorder, mental disorder,
allergy, changed working hours, changed work load, eat
alone nowadays, unemployment, eat in company of
others nowadays, worsened economy, retirement, disease
in family and other reasons. A three-category variable was
constructed discriminating among non-changers, diet
changers with Cat I reasons and diet changers with Cat II
reasons.

Dietary methodology
Dietary data were collected through a modified diet
history method, specifically developed for the MDC study.
The method consists of a 7-day menu book that collected
information on cooked lunches and dinners and cold
beverages (including alcoholic beverages), and a 168-item
questionnaire to obtain information on frequencies and
portion sizes of regularly consumed foods during the past
year. Diet assistants conducted a 1 h diet history interview
with each participant, and carefully checked the menu
book and questionnaire to make sure that the information
provided did not overlap. The information on food intake
was converted to nutrient intake data using the nutrient
information available in the MDC study Food and Nutrient
Database. This database, specifically developed for the
MDC study, originates from PC KOST2-93 of the Swedish
National Food Administration.

The validity of the diet history method has previously
been examined with 18 days of weighed food records
collected during 1 year as the reference'®. In women,
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energy-adjusted correlations were for total fat 0.69, fibre
0.69, vegetables 0.53 and fruits 0.77.

This study examined the following nutrient variables:
energy (kcal), fibre (g), total fat (g), omega-6 fatty acids
(g), the percentage energy contribution (E%) of carbo-
hydrate, protein, total fat, saturated fat, monounsaturated
fat, polyunsaturated fat, and omega-3 and omega-6
polyunsaturated fatty acids.

The food groups examined in this study were:
vegetables, fruits and berries, vegetable and fruit juice,
high-fat meat, low-fat meat, sausages, eggs, high-fat fish,
low-fat fish, boiled potatoes, fried and deep fried potatoes,
rice and pasta, cereals, low-fibre bread, high-fibre bread,
buns and cookies (biscuits), cheese, cottage cheese, high-
fat milk, low-fat milk, high-fat fermented milk, low-fat
fermented milk, cream, ice cream, butter, low-fat
margarine (40% fat), medium-fat margarine (60—80%
fat), other fats and oils, sweets and sugar, chocolates and
snacks, coffee, tea, water, soft drinks, low-energy soft
drinks, wine, beer and spirits. Fruit, berries and vegetables
were also combined into one variable. The food group
variables were expressed as the average amounts (g)
consumed per day.

Otbher variables
Information on age and gender was obtained through the
person identification number.

A four-category variable was created for the four
seasons of data collection: winter (December—February),
spring (March—May), summer (June—August) and autumn
(September—November). In September 1994, the coding
of dietary data was slightly altered. Also 17 interviewers
conducted the dietary history interviews during baseline
examination. Therefore, analysis of dietary data was
adjusted for season, method version (indicating data
collection before or after 1 September 1994) and diet
interviewer in order to control for undue influences of
dietary data collection.

Other lifestyle and socio-economic variables were
obtained through a standardised questionnaire. Education
was categorised into five categories based on the type of
education attained: elementary, primary and secondary,
upper secondary, further education without a degree, and
university degree. Smoking habits were categorised into
current smoker (including irregular smoking), ex-smokers
and non-smokers. Leisure-time physical activity was
obtained from questions about different physical activities
over the seasons where minutes per week of each activity
were multiplied by an intensity factor creating a leisure-
time physical activity score. The score was categorised into
quartiles. Alcohol consumption was divided into four
categories. Individuals with no consumption of alcohol in
the menu book, and who indicated no consumption of
alcohol during the previous year in the socio-economic
and lifestyle questionnaire, were categorised as zero
consumers. The other subjects were categorised according
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to an assumption of biological risk''; <15g alcohol per
day (low), 15-30 g (medium) and >30g (high).

Age at menarche was constructed from self-reported
year of menarche and year of birth, and handled as a
continuous variable. Current use of hormone replacement
therapy (HRT) was based on information from both a
questionnaire item of regular medication use and from the
7-day menu book, and dichotomised into yes/no. Parity
was constructed from questions on the number of
children, and aggregated into three answer categories:
no children, one child and two or more children. Age at
birth of the first child was constructed from the
participant’s year of birth, and the year of birth of the
first child, and was divided into four categories: no
children, <24 years, 24—30 years and >30 years. Total
duration of breast-feeding (cumulative for all child births)
was divided into three categories (no breast-feeding, 1-6
months and >6 months of breast feeding). Dichotomous
variables (yes/no) were constructed for miscarriage and
ever use of contraceptive pills.

Anthropometric measurements, height, weight, and
waist and hip circumference were taken by trained project
staff and obtained from subjects without shoes and
wearing light indoor clothing. The percentage body fat
(BF%) was determined through the body composition
analyser system BIA 109 (JRL Systems), which uses the bio-
impedance principle.

The physical activity level (PAL), expressed as energy
expenditure divided by basal metabolic rate (BMR), is
often used when identifying misreporters of energy, by
comparing PAL with energy intake divided by BMR.
Equations for predicting BMR from age, sex, weight and
height recommended by the World Health Organization
were used'? and total energy expenditure for each
individual was calculated from self-reported information
on physical activity at work, leisure-time physical activity
and household work, and estimated sleeping hours, self-
care and passive time. This procedure is described in detail
elsewhere'®. Hours per day of each activity were
multiplied by an activity-specific factor creating individual
PALs. Energy misreporting was defined as having a ratio of
reported energy intake to BMR outside the 95% confidence
interval (CD limits of the calculated PAL'. A three-
category variable was constructed discriminating between
low, adequate and high energy reporters.

Statistical analysis
The SPSS statistical computer package (version 11.5; SPSS
Inc.) was used for all statistical analyses. The nominal level
of a=0.05 (i.e. P <0.05) was considered significant in
two-sided tests. The continuous dietary variables were first
log-transformed to normalise the distribution of data. Prior
to log-transformation, a small amount (0.01) was added to
food variables to handle zero consumers.

First, a series of analyses were performed for food and
nutrient variables, calculating geometric means and
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medians between past food habit change categories.
Analysis of variance (using the general linear model
procedure) examined differences in mean food and
nutrient intakes between the two categories of dietary
change and no dietary change. Multiple comparison tests
were made with the least significant difference test, at
o = 0.05. The analyses were adjusted for age, interview
method version, season of interview and diet interviewer.
A subsequent analysis also adjusted for total energy intake.

Differences in baseline characteristics between breast
cancer cases and non-cases were examined with Student’s
-test, Mann—Whitney U-test and x® analysis. The
examined variables were: age at baseline, height, weight,
body mass index (BMI), waist circumference, hip
circumference, education, leisure-time physical activity,
alcohol habits, smoking habits, current use of HRT, ever
use of contraceptive pills, age at birth of first child,
miscarriage, parity and breast-feeding.

Total fat, omega-6 fatty acids, fibre, and ‘fruit, berries
and vegetables’ were categorised into quintiles based on
the residuals obtained when regressing the specific
variable on total energy intake'. The median intakes of
these variables were identified for each quintile.

We estimated incidence rate ratios (IRRs) with 95% CI
using Cox proportional hazard regression to examine the
associations between intakes of total fat, omega-6 fatty
acids, fibre and ‘fruit, berries and vegetables’, and breast
cancer incidence, with the first quintile of each exposure
type as the reference. The basic model included age,
method version, diet interviewer, season and total energy
intake as covariates. The second model was extended to
include risk factors and potential confounding variables:
height, weight, education, current use of HRT, use of
contraceptive pills, age at birth of first child, alcohol
consumption and leisure-time physical activity. These
variables have in previous analyses been identified as
potential confounders in the MDC data set'*'°. Analyses
were repeated to examine trends across quintiles. Tests of
interaction were performed for the dietary categories and
dietary change categories. Quintiles of fibre and omega-6
fatty acids, respectively, and dietary change status were
cross-classified and the breast cancer risk computed for
each cell, with the lowest quintile among subjects without
dietary change as the reference category. Moreover, Cox
regression analyses estimated the association between
intakes of total fat, fibre, omega-6 fatty acids and ‘fruit,
berries and vegetables’ and risk of breast cancer in
separate strata of low, adequate and high energy reporters.
Similarly, we also estimated the breast cancer risk for the
dietary variables within each stratum of obesity status (BMI
=27kgm Zand >27kgm™?.

Results

Higher intakes of fruit, berries and vegetables, high-fibre
bread, low-fat milk and low-fat fermented milk, and lower
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intake of low-fibre bread, whole milk and whole fermented
milk were observed among individuals with the Cat I
reasons for the diet change compared with the other two
groups of individuals (Table 1). Cat I also consumed less
sweets, snacks and soft drinks, and more low-fat margarine.
Non-changers reported a higher intake of boiled potatoes,
cookies, cheese, cream and ice cream, medium-fat
margarine, coffee, wine and beer than individuals with
dietary change. A lower consumption of meat, sausages,
low-fat fish and coffee was observed among Cat II, but they
reported higher tea consumption. When analysing energy-
adjusted food variables, the consumption of low-fibre
bread, chocolates and soft drinks between the two types of
reasons for change was not significantly different (data not
shown). Individuals of Cat I had lower energy intakes and
lower percentage energy from fat, especially saturated fat.
Higher intakes of fibre were observed among individuals
overall with dietary change compared with individuals
reporting stable food habits.

Breast cancer cases were younger than non-cases at
baseline. Cases were also taller and heavier. They were
more often users of current HRT and ever users of
contraceptive pills (Table 2).

Past food babit change

The risk of breast cancer incidence appears elevated in
individuals reporting having had a food habit change in
the past compared with individuals not reporting a food
habit change. However, the relationship is not significant
(IRR = 1.14; 95% CI = 0.92—1.40).

The risk of breast cancer incidence was examined across
quintiles of fibre, total fat, omega-6 fatty acids and ‘fruit,
berries and vegetables’ intakes (Table 3). When examining
all individuals, none of the quintiles of total fat intake was
significantly associated with breast cancer risk with the
first quintile as the reference, but a borderline trend
(P=0.06) was observed across the quintiles when
adjusting for potential confounders. Similarly, when
analysing separate strata of food habit change status, a
borderline trend of increased breast cancer risk across
quintiles of fat was observed among non-diet changers,
but this trend was not seen among diet changers.

For omega-6 fatty acids, a positive trend across quintiles
was observed when examining all individuals (as expected
from previous results*®); this relationship did not change
when including potential confounders in the analysis. The
trend was stronger in individuals with no reported dietary
change. In changers, the third compared with the first
quintile showed a decreased breast cancer risk.

Fibre intakes were not significantly related to breast
cancer risk when analysing all individuals. However,
quintiles two and five showed a significantly decreased
breast cancer risk among individuals without reported
dietary change, but there was no significant trend across
quintiles. When adjusting for potential confounders, only
quintile two showed a significantly decreased risk (data
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Table 1 Food group and nutrient intakes among women with different reasons for food habit change and women without food habit
change in a sample (n = 11429) from the Malmé Diet and Cancer cohort 1991-1996

Food habit change for

Food habit change for

Category | reasons Category Il reasons No food habit change
(n = 2089) (n=833) (n= 8499)

Geometric Geometric Geometric Overall
Units Median mean* Median mean Median mean F-testt

Food group g day ™’
Vegetables 185 1822 168 155° 156 150° <0.001
Fruit and berries 215 1872 192 166° 183 162° <0.001
Fruit and vegetable juice 0.4 0.8% 0.7 1.0% 3 1.5° <0.001
High-fat meats 30 20° 25 10° 32 23° <0.001
Low-fat meats 47 342 41 16° 48 38° <0.001
Sausages 17 6° 15 3° 20 9° <0.001
Eggs 18 142 18 12° 19 15° <0.001
High-fat fish 10 32 7 2b 8 3 <0.001
Low-fat fish 27 122 24 7° 25 128 <0.001
Boiled potatoes 79 59¢ 79 542 84 69° <0.001
Fried potatoes 0 0.22 0 0.12 0 0.3° <0.001
Rice and pasta 8 1.4 8 1.3 8 1.4 0.536
Cereals 16 122 16 132 14 11° 0.002
Low-fibre bread 51 422 60 48° 61 53¢ <0.001
High-fibre bread 25 112 19 6° 17 7° <0.001
Buns and cookies 26 172 29 172 34 24° <0.001
Cheese 29 228 33 228 34 28 <0.001
Cottage cheese 0 0.12 0 0.05° 0 0.04° <0.001
Whole milk 24 14?2 31 21° 32 25° <0.001
Low-fat milk 176 212 66 40 104 7° <0.001
Whole fermented milk 0 0.22 0 0.7° 0 0.6° <0.001
Low-fat fermented milk 0 0.8° 0 0.2° 0 0.2° <0.001
Cream 8 4.0° 11 4.77 11 6.5° <0.001
Ice cream 5 2.72 6 2.82 6 3.4° <0.001
Bregott spread 0 0.07% 0 0.3° 0 0.3° <0.001
Low-fat margarine 13 1.9% 4 0.6° 9 0.8° <0.001
Medium-fat margarine 7 6.22 7 6.2% 8 7.8° <0.001
Other fats and oils 3 1.3 3 1.1 3 1.2 0.448
Sugar and sweets 18 132 26 19° 24 20° <0.001
Chocolate, snacks and nuts 4 1.78 6 2.6° 7 3.5° <0.001
Coffee 400 2332 400 149° 429 301° <0.001
Tea 32 2.0% 86 6.1° 32 1.8% <0.001
Water 819 740° 691 628° 627 551¢ <0.001
Soft drinks 0 0.7 1.4 1.0° 3 1.2° <0.001
Energy-reduced soft drinks 0 0.042 0 0.02° 0 0.02° <0.001
Wine 0 0.6% 0 0.5% 21 1.2° <0.001
Beer 32 2.0° 29 2.0? 47 4.1° <0.001
Spirits 0 0.042 0 0.042 0 0.05° <0.001
Nutrients <0.001
Total energy kcal day ™’ 1790 18007 1960 1960° 1950 1950° <0.001
Carbohydrates E% 47 472 47 462 45 45° <0.001
Protein E% 17 172 15 15° 16 16° 0.083
Fat E% 36 36° 38 37° 39 39°¢ <0.001
Saturated fatty acids E% 15 152 16 16° 17 17°¢ <0.001
Monounsaturated fatty acids E% 13 122 13 13° 14 13°¢ <0.001
Polyunsaturated fatty acids E% 5.9 5.8% 5.7 5.7° 5.8 5.8% 0.016
Omega-3 E% 0.96 0.96° 0.92 0.93° 0.96 0.96% <0.001
Omega-6 E% 47 4.6% 45 45° 4.6 4.6a° 0.072
Fibre g day™" 19.2 19.12 18.8 18.82 17.5 17.5° <0.001

E% — percentage of energy.

*Adjusted for season of diet interview, diet assistant, method version and age at baseline examination.

1 Test of overall mean differences.

ab Dissimilar letters indicate significant differences of the mean intakes in the multiple comparisons test (least squares difference) at « = 0.05.

not shown). Among changers, the second quintile showed
an increased risk.

The third quintile of ‘fruit, berries and vegetables’ was
associated with decreased breast cancer risk, when all
individuals were included in the analysis. Among
individuals reporting stable dietary habits, a borderline
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significant decrease in breast cancer risk was observed
across quintiles of ‘fruit, berries and vegetables’, with the
third and highest quintile of intake associated with
decreased breast cancer risk. Adjusting for potential
confounders did not influence the associations; however,
the trend across quintiles became weaker. This trend
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Table 2 Baseline characteristics of cases and non-cases of post-menopausal women from
the Malmé Diet and Cancer cohort, 1991-2003

Cases (n=428) Non-cases (n=11726) P-value*
Mean (SD)
Age (years) 59.4 (6.0) 60.4 (6.5) <0.01
Height (cm) 163.9 (5.7) 163.1 (6.0) <0.01
Weight (kg) 69.6 (11.9) 68.2 (11.8) 0.02
Waist circumference (cm) 79.2 (10.7) 78.5 (10.7) 0.25
Hip circumference (cm) 99.2 (9.9) 98.6 (9.7) 0.20
Body mass index (kgm2) 25.9 (4.3) 25.7 (4.3) 0.30
Percentage body fat 31.6 (4.8) 31.3(4.8) 0.32
Frequency (%)

Educational status

Elementary 180 (42) 5153 (46)

Primary and secondary 140 (33) 3428 (30)

Upper secondary 22 (5) 626 (6)

Further education without degree 27 (6) 835 (7)

University degree 57 (13) 1223 (11) 0.17
Leisure-time physical activity

Quintile 1 73 (17) 2256 (20)

Quintile 2 102 (24) 2223 (20)

Quintile 3 84 (20) 2229 (20)

Quintile 4 95 (22) 2240 (20)

Quintile 5 71 (17) 2272 (20) 0.69
Alcohol consumption

Non-drinkers 31 (7) 995 (9)

Low (<159) 332 (78) 8693 (77)

Medium (15-30g) 49 (11) 1395 (12)

High (>3049) 16 (4) 215 (2) 0.24
Smoking habits

Current smokers 110 (26) 2931 (26)

Ex-smokers 131 (31) 2986 (26)

Non-smokers 187 (44) 5376 (48) 0.13
Current hormone replacement therapy

Yes 136 (35) 2243 (21)

No 257 (65) 8377 (79) <0.01
Use of contraceptive pills

Yes 192 (45) 4521 (40)

No 235 (55) 6767 (60) 0.04
Miscarriage

Yes 84 (20) 2450 (22)

No 339 (80) 8768 (78) 0.33
Parity

No children 53 (13) 1392 (13)

One child 86 (21) 2415 (22)

Two or more children 274 (66) 7296 (66) 0.85
Age at birth of first child

< 24 years 141 (33) 4202 (37)

24-29.9 years 164 (38) 4108 (36)

= 30 years 55 (13) 1390 (12)

No children 68 (16) 1598 (14) 0.33
Age at menarche

< 13 years 187 (44) 4987 (45)

> 13 years 234 (56) 6216 (56) 0.97
Breast-feeding

0 months 106 (25) 2436 (22)

1-6 months 126 (29) 3553 (31)

7 months or more 196 (46) 5309 (47) 0.32

SD - standard deviation.

* ttest was used to compare means; x2 analysis to compare frequency distributions of smoking habits,
current hormone replacement therapy, use of contraceptive pills, miscarriage and age at menarche, and
Mann—-Whitney U-test to compare the ranking of educational status, leisure-time physical activity, alcohol
consumption, parity and breast-feeding.

across ‘fruit, berries and vegetables’ quintiles was not
observed among diet changers.

The tests of interaction were significant between
omega-6 fatty acids and dietary change categories
(P=0.004), and between fibre and dietary change
categories (P = 0.003). The interaction was still significant
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for omega-6 intake when examined as a continuous
variable (P = 0.04), but not for fibre (P = 0.94). When
omega-6 fatty acid quintiles were cross-classified with
dietary change status, both low and high intakes of
omega-6 fatty acids showed increased breast cancer risks
among diet changers when compared with the first
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Table 3 Incidence rate ratios (IRRs) of postmenopausal breast cancer in separate strata of food habit change status in the Malmé Diet and Cancer cohort 1991-2003*

All subjects No dietary change Dietary change
Quintiles of Median intake
dietary intake (gday™) Person-years/cases IRR 95% Cl Person-years/cases IRR 95% ClI Person-years/cases IRR 95% ClI
Fat
1 62.5 22497/80 1.00 - 13684/47 1.00 - 8771/33 1.00 -
2 74.7 22454/76 0.95 0.69-1.30 15722/49 0.91 0.61-1.36 6713/27 1.04 0.62-1.72
3 81.4 22033/97 1.26 0.94-1.70 17 033/69 1.20 0.83-1.74 5000/28 1.48 0.89-2.46
4 86.3 22087/83 1.07 0.79-1.46 17582/67 1.14 0.78-1.65 4473/16 0.94 0.52-1.72
5 96.1 21873/92 1.21 0.90-1.64 17577/72 1.22 0.85-1.77 4275/20 1.25 0.72-2.19
P for trend 0.14 P for trend 0.14 P for trend 0.48
Omega-6 fatty acids
1 6.6 21534/65 1.00 - 15850/38 1.00 - 5665/27 1.00 -
2 8.5 21830/82 1.24 0.90-1.72 16 154/57 1.48 0.98-2.23 5649/25 0.85 0.49-1.47
3 9.7 22463/78 1.15 0.83-1.60 16405/65 1.65 1.10-2.46 6035/13 0.40 0.20-0.77
4 11.2 22722/99 1.44 1.05-1.97 16772/62 1.55 1.03-2.32 5930/37 1.17 0.71-1.93
5 141 22395/104 1.54 1.13-2.10 16417/82 2.09 1.42-3.08 5952/22 0.69 0.39-1.22
P for trend 0.004 P for trend 0.0005 P for trend 0.64
Fibre
1 125 21291/89 1.00 - 17736/79 1.00 - 3536/10 1.00 -
2 16.0 21900/74 0.80 0.59-1.09 17924/47 0.58 0.41-0.84 3958/27 2.25 1.08-4.66
3 18.3 22009/82 0.88 0.65-1.18 16875/64 0.85 0.61-1.18 5111/18 1.15 0.53-2.49
4 21.0 22497/104 1.05 0.79-1.40 15728/74 1.02 0.74-1.41 6747/30 1.41 0.69-2.90
5 25.9 23247/79 0.77 0.57-1.05 13334/40 0.63 0.43-0.93 9879/39 1.26 0.63-2.55
P for trend 0.51 P for trend 0.45 P for trend 0.54
Fruit, berries and vegetables
1 190 21291/94 1.00 - 17302/79 1.00 - 3960/15 1.00 -
2 291 21849/80 0.83 0.61-1.11 17 032/61 0.79 0.56-1.10 4807/19 0.95 0.48—-1.87
3 371 22063/69 0.70 0.51-0.95 16 894/50 0.63 0.44-0.91 5157/19 0.93 0.47-1.84
4 464 22810/102 0.99 0.74-1.31 16387/73 0.94 0.68-1.30 6405/29 1.15 0.61-2.15
5 626 22932/83 0.78 0.57-1.05 13983/41 0.59 0.40-0.87 8903/42 1.13 0.62—-2.06

P for trend 0.35

P for trend 0.052

P for trend 0.45

Cl — confidence interval.
* Adjusted for total energy, age, method version, diet interviewer and season.
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quintile among non-changers, suggesting that the back-
ground risk of women with dietary change was elevated
(Fig. 1). When fibre quintiles were cross-classified with
dietary change status, none of the risk estimates for fibre
were significant among changers.

Energy reporting

When analysing only adequate energy reporters, the
results were similar compared with analysing all individ-
uals. Therefore, excluding individuals reporting either low
or high energy intake did not change the risk estimates for
any of the analysed food variables (data not shown).

Obesity

The last set of analyses compared risk estimates across
food and nutrient quintiles within obesity status categories
(Table 4). Among individuals with a BMI below 27 kgm ™2,
high intakes of total fat were, with a significant positive
trend, associated with increased breast cancer risk.
Similarly, the fourth and fifth quintiles of omega-6 fatty
acids were associated with an increased risk in this
stratum, and the positive trend was clearly significant.
Decreased risks were observed in the second and fifth
quintile of fibre intake among individuals with a BMI
below 27 kgm™?, but no significant trend across quintiles
was observed. A significant decreased risk of high intakes
of ‘fruit, berries and vegetables’ with a significant trend
was also seen among these individuals. In contrast, no
significant relationships were observed with these dietary

variables among women with a BMI above 27 kgm ™2,

Discussion

Individuals reporting past food habit change due to health
reasons related to the metabolic syndrome (Cat 1) had

3.0 1
2.5

2.0 1

IRR

1.5

1.0 4

E Sonestedst et al.

higher intakes of fruits, vegetables, high-fibre bread, low-
fat milk and fermented milk compared with non-changers
and changers for Cat II reasons. Many of these food groups
are recognised as healthier foods, and are often
recommended to people with obesity and health disorders
associated with the metabolic syndrome. Cat T diet
changers also had a lower reported total energy intake.

When past food habit changers, who can be particularly
prone to errors in dietary self-reports, were excluded from
the analysis, the observed association between omega-6
fatty acids and ‘fruit, berries and vegetables’ and post-
menopausal breast cancer was stronger, while associations
with total fat and fibre intakes remained almost unchanged
compared with analysing all women. Stratifying on obesity
status had an impact on risk estimates for all food variables
examined; more pronounced risk estimates among
individuals with BMI below 27 kg m ™ 2. Excluding individ-
uals reporting non-adequate energy intakes did not
influence the interpretation of results of any of the
energy-adjusted food and nutrient variables.

This study may help the interpretation of many previous
epidemiological studies that have produced null results, in
spite of animal and ecological studies indicating strong
dietary associations. Cancer development is believed to
involve long latency periods. Individuals who report past
food habit change might therefore both report and
consume diets that are different from those responsible
for the development of tumours. Thus the reason for not
observing any consistent relationship between diet and
breast cancer among diet changers (in this study) may be
due to unstable diets, and consequently misclassification
among dietary exposure categories in relation to tumour
development. However, the dietary change variable in this
study is very crude, potentially associated with many

Dietary change

No dietary change

Fig. 1 Incident rate ratios (IRRs) of postmenopausal breast cancer after cross-classification of omega-6 fatty acids against dietary
change status. Adjusted for age, method version, diet assistant and season. *P < 0.05, in Cox regression with the first quintile of those

with no dietary change as the reference category
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Table 4 Incidence rate ratios (IRRs) of postmenopausal breast cancer in separate strata of BMI status in the Malmd

Diet and Cancer Cohort*

BMI <27kgm ™2

BMI >27kgm 2

Quintiles of
dietary intake Person-years/cases IRR 95% ClI Person-years/cases IRR 95% ClI
Fat
1 15020/45 1.00 7377/35 1.00 -
2 15422/47 1.01 0.67-1.52 6919/29 0.92 0.56—-1.51
3 15150/64 . 0.97-2.09 6825/33 1.07 0.67-1.74
4 15264/50 1.11 0.74-1.66 6731/33 1.09 0.67-1.76
5 15071/70 1.59 1.09-2.32 6713/22 0.72 0.42-1.23
P for trend 0.015 P for trend 0.48
Omega-6 fatty acids
1 15432/40 1.00 - 6029/25 1.00 -
2 15119/54 1.37 0.91-2.06 6624/28 1.02 0.59-1.75
3 15127/48 1.22 0.80-1.86 7280/30 1.00 0.59-1.71
4 15463/63 1.55 1.04-2.31 7132/36 1.23 0.74-2.06
5 14786/71 1.84 1.24-2.71 7499/33 1.07 0.63-1.80
P for trend 0.002 P for trend 0.59
Fibre
1 14662/63 1.00 6557/26 1.00 -
2 14 843/43 0.67 0.46-0.99 6968/31 1.08 0.64-1.82
3 15061/59 0.89 0.62-1.27 6865/23 0.83 0.47-1.46
4 15394/70 1.01 0.71-1.42 7010/34 1.16 0.69-1.95
5 15966/41 0.57 0.38-0.85 7164/38 1.23 0.74-2.05
P for trend 0.13 P for trend 0.37
Fruit, berries and vegetables
1 14801/66 1.00 - 6410/28 1.00 -
2 15078/57 0.85 0.59-1.21 6692/23 0.80 0.46-1.39
3 15182/49 0.72 0.50-1.04 6782/20 0.66 0.37-1.17
4 15540/56 0.78 0.55-1.12 7115/46 1.46 0.91-2.36
5 15325/48 0.66 0.46-0.97 7565/35 0.97 0.58-1.62

P for trend 0.035

P for trend 0.30

BMI — body mass index; Cl — confidence interval.
* Adjusted for age, method version, diet assistant and season.

confounding factors, and prone to errors. For instance,
changers are more obese than non-changers (as previously
shown with these data)’, and obesity is associated with
postmenopausal breast cancer in many studies'®. It is likely
that pathological conditions (such as type 2 diabetes) are
more common in these women because of obesity, and
therefore they possibly have different risk profiles in
relation to breast cancer than non-changers of diet. For
example, postmenopausal obese women have higher sex
hormone levels compared with lean women'”, and studies
have shown higher prevalence of type 2 diabetes,
hypertension and dyslipidaemia among breast cancer
cases compared with women with benign breast pathology
and controls'®. Previous dietary change may also result in
weight change. Although weight loss has been associated
with increased mortality and coronary morbidity'®, weight
loss during adult life has instead been associated with
decreased risk of postmenopausal breast cancer?. Thus
the risk profile of diet changes may be quite complex.
This study could only examine self-reported food habit
change, which is a limitation. Since we are not able to
establish the degree of dietary change, the past food habit
change variable is difficult to interpret. Studies analysing
dietary factors in the MDC study have, so far, adjusted for
past food habit change. Adjustment may, however, be
incorrect because dietary factors may show different

https://doi.org/10.1017/51368980007246646 Published online by Cambridge University Press

relationships with past food habit change, as indicated by
the significant interaction tests in this study. Indeed, the
literature indicates that adjustments for suspected errors
(when the assumptions are wrong) can make matters
worse! 7,

Among diet changers, there was a higher percentage of
those reporting low energy intakes (data not shown). Only
minor changes were seen, however, in the associations
between the examined dietary factors and risk of breast
cancer when non-adequate energy reporters were
excluded. Previous observations in the MDC study,
investigating the influence of excluding those with
inadequate energy reports, showed that the risk associated
with alcohol increased and became significant. Alcohol
intake categories in that study were based on absolute
intake levels, while the other food and nutrient categories
were based on energy-adjusted intakes (residual method).
One goal of energy adjustment in nutrition epidemiolo-
gical studies is to reduce the influence of reporting
errors**. Thus energy adjustment could explain why the
results were similar when misreporters of energy were
excluded from the analyses presented in this report.

The higher proportion of obese individuals among diet
changers® may indicate a tendency to restrict intake®.
Black® described under-reporting among post-obese
individuals and suggested it to be related to dieting and
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dietary restraint, i.e. the tendency consciously to control
food intake in order to assist weight loss or prevent weight
gain®. The dietary habits before a lifestyle change may be
positively related to body fatness and to the development
of the disease, but dietary habits after the change may have
a different biological relationship. This study indicates
different risk trends depending on obesity status,
suggesting that obesity status and stratified analysis should
be considered in dietary studies.

Although few studies have focused on the fact that dietary
habits change over time, others have examined the impact
of dieting behaviours®. For instance, inverse associations
between BMI and the reported energy intake have been
reported to be reduced by ~20% when controlling for low
energy dieting®”. Studies have also used more sophisticated
approaches and examined social desirability and social
approval, or restraining behaviours concurrent with the
assessment of diet. For instance, Hebert et al. have reported
that important factors in predicting under-reporting of
energy intake include dissatisfaction with body image and
percentage body fat***°. Doubly labelled water has enabled
confirmation of under-reporting biases to be associated
with both social desirability and education in women?.
Such information is of specific interest because researchers
need to identify groups of individuals that possibly report
data of lower validity®, and sometimes specific information
can be used in modelling of data or direct adjustment of
nutrient intake values®".

Few studies have investigated the clinical implications
of under-reporting. Rosell et al. investigated the problem
of misreporting on the association between dietary factors
and metabolic syndrome. Under-reporters had a higher
prevalence of the metabolic syndrome (greater waist
circumference and higher systolic and diastolic blood
pressures) than did the non-under-reporters. The associ-
ations between fasting insulin concentrations and the
intakes of polyunsaturated fats, omega-6 fats and fat from
milk products were stronger in under-reporters than in
non-under-reporters, which indicates that inaccurate data
can introduce spurious associations*%. Macdiarmid et al.
assessed the relationship of dietary fat and sugar
consumption in men and women with different BMI. In
the case of the women, the inclusion of low energy
reporters completely reversed the relationship between
consumption of high-fat, sweet foods and BMI due to
reduced reporting of these products by obese women™.

We conclude that epidemiological studies should
consider examining separate strata of dietary confounders
(such as obesity and food habit change status) to help in
interpreting results regarding diet—disease associations.
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