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Abstract

Dietary lignans, quercetin and resveratrol have oestrogenic properties, and animal studies suggest that they synergistically decrease cancer
risk. A protective effect of lignans on the development of oesophageal cancer in humans has recently been demonstrated, and the present
study aimed to test whether these three phytochemicals synergistically decrease the risk of oesophageal cancer. Data from a Swedish
nationwide population-based case—control study that recruited 181 cases of oesophageal adenocarcinoma (OAC), 158 cases of oesopha-
geal squamous-cell carcinoma (OSCC), 255 cases of gastro-oesophageal junctional adenocarcinoma (JAC) and 806 controls were analysed.
Exposure data were collected through face-to-face interviews and questionnaires. The intake of lignans, quercetin and resveratrol was
assessed using a sixty-three-item FFQ. Reduced-rank regression was used to assess a dietary pattern, and a simplified dietary pattern
score was categorised into quintiles on the basis of the distribution among the control subjects. Unconditional multivariable logistic
regression provided OR with 95% CI, adjusted for all the potential risk factors. A dietary pattern rich in lignans, quercetin and resveratrol
was mainly characterised by a high intake of tea, wine, lettuce, mixed vegetables, tomatoes, and whole-grain bread and a low intake of
milk. There were dose-dependent associations between simplified dietary pattern scores and all types of oesophageal cancer (all P for
trend <0-05). On comparing the highest quintiles with the lowest, the adjusted OR were found to be 0-24 (95% CI 0-12, 0-49) for
OAC, 0-31 (95% CI 0-15, 0-65) for OSCC, and 0-49 (95 % CI 0-28, 0-84) for JAC. The results of the present study indicate that a dietary pattern
characterised by the intake of lignans, quercetin and resveratrol may play a protective role in the development of oesophageal cancer in
the Swedish population.
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Over the past few decades, the incidence of oesophageal
adenocarcinoma (OAC) and gastro-oesophageal junctional
adenocarcinoma (JAC) has increased rapidly in many Western
countries®, while that of oesophageal squamous-cell
carcinoma (OSCC) has declined®. Although surveillance,
diagnostic measures and therapy have been developed and
improved for these tumours, the overall 5-year survival remains
less than 15 % in Western societies™. This highlights the need to
identify preventive measures. Dietary factors play an important
role in the aetiology of oesophageal cancer, and epidemio-
logical studies have demonstrated the protective effects of
certain food groups, particularly fruits and vegetables™ and
possibly also cereals™, coffee® and tea®. All these food groups

are rich sources of not only several vitamins, but also dietary

phytochemicals, which have anti-carcinogenic properties'”.
Lignans, quercetin and resveratrol are the three most widely
occurring phytochemicals with oestrogenic properties within
the Western diet®~'". Due to having chemical structures similar
to those of female hormones, these phytochemicals have been
found to have the ability to bind to oestrogen receptors and
thus exert oestrogenic effects'?~'*. Furthermore, the presence
of oestrogen receptors in oesophageal tissue has been
observed in in vitro studies">~'”’. This is interesting as oestro-
gen has been suggested to be an important factor for the low
incidence of OAC and JAC in women in comparison with men,
with a male:female sex ratio of up to 9:1“. High intake of
lignans has been found to possibly decrease the risk of OAC

and JAC in humans®; quercetin might increase lipolysis in

Abbreviations: JAC, junctional adenocarcinoma; OAC, oesophageal adenocarcinoma; OSCC, oesophageal squamous-cell carcinoma; RRR, reduced-rank

regression.
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adipocytes and induce apoptosis’”; and resveratrol can reduce

the synthesis of lipids in the liver and suppress proliferation and
induce apoptosis in vitro®”. Interestingly, a combination of
lignans, quercetin and resveratrol has been found to syner-
gistically suppress adipogenesis and induce apoptosis in an
in vitro study®". Dietary pattern analysis captures the variation
in overall dietary intake and is useful for reflecting the inter-
action among foods or nutrients. Recently, a hypothesis-based
reduced-rank regression (RRR) analysis has been used to
better identify dietary patterns®?. In the present study, data
from a Swedish nationwide case—control study using RRR
were analysed with the aim of assessing whether a dietary
pattern rich in lignans, quercetin and resveratrol decreases
the risk of OAC, JAC and OSCC.

Methods
Study subjects and study design

Data were derived from a Swedish nationwide and population-
based case—control study, which has been described in detail
previously®”. In brief, individuals aged <80 years and born
and living in Sweden from 1995 to 1997 were enrolled in the
study. All newly diagnosed patients with OAC or JAC and
patients with OSCC born on even-numbered days were eligible
to participate in the study as cases. A comprehensive organis-
ation for rapid ascertainment of cases ensured that every
potential patient throughout the country was identified shortly
after the confirmation of diagnosis. This organisation included
contact persons at all the 195 relevant hospital departments
in Sweden, as well as the six regional tumour registries. Age
(within 10 years)- and sex-matched controls were randomly
selected from among the individuals in the Swedish population
identified in the Swedish Register of the Total Population.
Professional interviewers, who were trained to treat cases
and controls in a strictly similar manner, personally interviewed
all the cases and controls. The participants were asked to
provide details regarding their background and relevant
exposures, which have been studied in separate publications,
e.g. addressing the role of gastro-oesophageal reflux‘®®,
obesity®?, tobacco smoking status®>, alcohol consumption(ZS) ,
educational level ®®, physical activity®® and Helicobacter pylori
infection in the aetiology of OAC, JAC and OSCC”. The
reflux symptoms considered in the present study referred
to symptoms during the entire lifetime until 5 years before
the interview. The cut-off used to define reflux was well in
line with the present guidelines”®®. BMI 20 years before the
interview was used to classify obesity.

Ethical approval

All six Regional Ethics Review Boards in Sweden approved the
present study.

Dietary intake assessment

Dietary intake was assessed using a written validated FFQ con-
cerning the habitual intake of sixty-three foods and beverages

as recalled from 20 years before the interview. This time
period was considered for dietary intake assessment to
obtain a plausible induction time point between exposure
and the onset of the invasive cancer®. The questionnaires
were distributed before the interview, and the written answers
were completed and other uncertainties clarified during the
interview. The consumption frequency of each food item
was assessed on the basis of open answers, i.e. number of
times of consumption per d, week, month or year. The intakes
of lignans, quercetin and resveratrol were the exposure
variables in the present study. A specific database was created
with information from published analytical data for the
contents of these three phytochemicals. Lignans are mainly
present in whole-grain bread, berries, fruits, vegetables
and flaxseed®. The intake of lignans was calculated by
taking six precursors of mammalian lignans into account:
matairesinol; secoisolariciresinol; lariciresinol; pinoresinol;
syringaresinol; medioresinol®**3'=3®  Data on quercetin
contents in onions, broccoli, lettuce, tomatoes, strawberries,
apples, wine, tea and fruit juice were accumulated®?*~V,
The major sources of resveratrol were wine, tea and
berries 174 As green tea was effectively non-existent in
the Swedish market during the exposure period of interest
(mid-1970s), the intake of tea was calculated by assuming all
teas consumed to be black tea. The intake of wine was
estimated by assuming the wine consumed to be two-thirds
red wine and one-third white wine, based on typical Swedish
alcohol consumption data. Energy contents were obtained
from the Swedish National Food Administration database. To
calculate the intake of each food item, the consumption
frequency was multiplied by sex-specific portion sizes, using
data from the Swedish National Dietary Survey .

Statistical analyses

To derive a dietary pattern defining the intake of lignans,
quercetin and resveratrol, the statistical method RRR was
employed using the partial least-squares procedure in SAS??.
A factor score was derived using RRR — a linear combination
of predictor variables (food groups or food items) that maxi-
mised the variation in response variables (lignans, quercetin
and resveratrol). The number of extracted dietary pattern
scores was equal to the number of response variables, i.e.
three dietary pattern scores were extracted, one for each
single phytochemical-related dietary pattern. The first dietary
pattern score was retained for subsequent analyses because
it explained most of the variation in the intake of the three
phytochemicals. The total intake of all the phytochemicals
was analysed as energy-adjusted densities, i.e. per 4184 kJ/d
(1000 kcal/d). To analyse less population-dependent dietary
pattern variables, the original dietary pattern scores were shor-
tened and simplified*>. The simplified dietary pattern scores
were obtained by summing unweighted standardised scores of
intake for each food group, which explained most of the inter-
individual variation in the original dietary pattern scores. The
commonly used simplified approach was used by selecting
only food items with high factor loadings Gi.e. =[0-2)“.
Factor loadings represent the correlations of the intake of
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each food item with the dietary pattern score. The simplified
dietary pattern scores were used to evaluate the association
between the dietary pattern and the risk of oesophageal
cancer subtypes in logistic regression models. Dietary pattern
scores were categorised into quintiles on the basis of the dis-
tribution among the control subjects. To test for linear trends
across dietary pattern scores, the median scores within each
quintile were used and these values were treated as a conti-
nuous variable.

Unconditional logistic regression was used to estimate OR
and 95% CI. The dietary pattern score was categorised into
five levels based on the quintiles of scores among the control
subjects. The lowest quintile of dietary pattern score was set as
the reference. Possible confounding or effect modification by
aetiological factors was considered in a multivariable logistic
regression model: age (categorised into <55, 55-064, 65-74,
or =75 years); sex (male or female); gastro-oesophageal
reflux symptoms (yes or no); BMI (<185, 185-24-9, 25-29-9,
or =300 kg/mz); tobacco smoking status (never smoker,
previous smoker, or current smoker of any tobacco 2 years
before the interview); alcohol consumption (no alcohol,
>0-15, 16=70, or >70g/week of any alcoholic beverage);
educational level (=9, 10-12, or =13 years of formal
education); physical activity (in quartiles); H. pylori infection
(yes or no, assessed from blood samples); total energy
intake (in quartiles, based on the distribution among the
control subjects). A basic model included adjustment for
only age and sex, while the fully adjusted multivariable
model included all the wvariables listed above, selected
depending on the specific subtype of oesophageal cancer
analysed. The reason for this tailored adjustment is that the
aetiological factors differ substantially between these cancer
subtypes®. Especially, reflux and obesity are the main risk
factors for OAC and JAC and alcohol consumption and
tobacco smoking status are the main risk exposure factors
for OSCC™. Participants with more than 10% missing values
in the FFQ were excluded from the analyses. The SAS
statistical package (version 9.0, SAS Institute, Inc.) was used
for all analyses.

Results
Study participants

Among all the 618 included cases, 189 had OAC (88% partici-
pation rate), 167 had OSCC (73%) and 262 had JAC (84 %).
The number of control subjects was 820 (73 % participation
rate). Participants with more than 10% missing values in the
FFQ were excluded, leaving 181 cases of OAC, 158 cases of
OSCC, 255 cases of JAC and 806 controls for the final analysis.
The demographics and characteristics of the study participants
are summarised in Table 1. Owing to frequency matching, age
and sex distributions were similar among the cases and
controls. OAC and JAC cases had more reflux and higher
BMI than controls, while OSCC cases consumed more tobacco
and alcohol. All case groups had fewer years of education and
a lower percentage of never-tobacco-smoking participants
compared with the control group. The control group

consumed more tea, lettuce, whole-grain bread and mixed
vegetables and less milk when compared with the case
groups (P<0-05; t test). No differences were found in
the intake of tomatoes and wine. The intake of quercetin
and lignans was higher in the control group than in each of
the case groups (P<0-05; ¢ test, data not shown), while the
intake of resveratrol was similar in the control and case
groups (P=0-68; ¢ test). The simplified dietary pattern scores
were positive in the control group, but negative in all the
three case groups (Table 1). All cases had a lower dietary
pattern score than their matched controls (P<<0-0001; ¢ test,
data not shown).

Food groups contributing to the lignan, quercetin
and resveratrol pattern scores

Tea, wine, lettuce, mixed vegetables, tomatoes, milk and
whole-grain bread, with a factor loading =10-2|, were the
most important food items contributing to the intake of dietary
lignans, quercetin and resveratrol, based on the estimation
using the RRR analysis, and retained in the simplified dietary
pattern (Table 2). Pearson’s correlation coefficients of the
dietary pattern scores were slightly lower for the simplified
dietary pattern than for the original dietary pattern. Both the
original and simplified dietary pattern scores were strongly
correlated with the intake of tea and wine, which explained
most of the variation in the original dietary pattern scores.
Only the intake of milk was negatively associated with the
studied dietary pattern scores (Table 2).

Dietary pattern characterised by the intake of lignans,
quercetin and resveratrol and the risk of oesophageal
cancer by histological type

The identified dietary pattern characterised by the intake of
lignans, quercetin and resveratrol was strongly associated with
a decreased risk of OAC, JAC and OSCC (Table 3). Dose-
dependent associations were found between higher simplified
dietary pattern scores and a decreased risk of each of the
studied cancer subtypes (all P for trend <0-05) (Table 3).
Comparison of the extreme quintiles (quintile 5 ». quintile 1)
of scores in the fully adjusted model revealed decreased risk
estimates of OAC (OR 0-24, 95% CI 0-12, 0-49), OSCC (OR 0-31,
95% CI 0-15, 0-65), JAC (OR 0-49, 95% CI 0-28, 0-84), and OAC
and JAC combined (OR 0:42, 95 % CI 0-26, 0-67).

Discussion

This is the first study to define a dietary pattern characterised
by the intake of the phytochemicals lignans, quercetin and
resveratrol and to examine its potential association with the
risk of oesophageal cancer. Strong negative associations
were found between a dietary pattern rich in lignans,
quercetin and resveratrol and the risk of all histological
types of oesophageal cancer.

High dietary pattern scores for these three phytochemicals
were mainly derived from a high intake of tea, wine, lettuce,

ssa.d Ansseniun abpriquied Aq auljuo paysiignd SS0€001 LSt L LLO00S/ZLOL 0L/Bio 10p//:sdny


https://doi.org/10.1017/S0007114514003055

o

British Journal of Nutrition

Dietary phytochemicals and oesophageal cancer

Table 1. Characteristics of oesophageal cancer cases and control subjects in a Swedish population-based case—control study

(Number of subjects and percentages)

2005

Oesophageal Oesophageal Gastro-oesophageal
adenocarcinoma squamous-cell junctional
Control subjects cases carcinoma cases adenocarcinoma cases
Characteristics n % n % n % n %
Sex
Male 667 828 158 87-3 114 721 216 847
Female 139 17-2 23 12.7 44 279 39 15-3
Age (years)
<55 127 15-8 21 11.5 13 83 52 20-4
55-64 185 23.0 38 20-1 58 36-7 57 224
65-74 317 39.2 88 48-6 62 29.2 105 41.2
=75 177 220 34 18-8 25 15-8 41 16-0
Educational level (years)
=9 489 60-7 136 751 114 72.2 166 65-1
10-12 158 19-6 22 12.2 23 14-6 54 212
=13 159 197 23 12.7 21 132 35 137
BMI (kg/m?)
<185 9 11 1 0-6 5 31 3 1.2
18-5-24.9 553 690 75 414 102 64-6 139 54.5
25.0-29-9 215 26-8 84 46-4 41 26-0 89 34.9
=30-0 25 31 21 11-6 10 6-3 24 94
Tobacco smoking status
Never 321 39-8 55 30-4 20 126 42 16-5
Ever 309 38-4 84 46-4 42 26-6 121 47-5
Current 176 21.8 42 23.2 96 60-8 92 36-0
Alcohol consumption (g/week)
0 128 159 35 193 15 95 31 12.2
0-15 214 26-5 53 29.2 32 20-3 72 28.2
16-70 286 355 51 28-2 38 24.0 77 30-2
>70 178 221 42 23.2 73 46-2 75 29-4
Reflux
Yes 131 16-3 110 60-8 25 15-8 74 29.0
No 675 837 71 392 133 84.2 181 71-0
Mean daily dietary intake
Tea (g) 158-9 95-8 923 121.5
Wine (g) 299 20-4 365 26-4
Lettuce (g) 226 155 16-9 180
Mixed vegetables (g) 31-8 26-9 299 27-2
Tomatoes (g) 21.8 196 20-4 211
Milk (g) 506-3 588-5 479-8 625-8
Whole-grain bread (g) 56-2 54.3 49.2 43-9
Lignans (mg)* 1.8 1.7 1.6 1.6
Quercetin (mg) 4.4 31 3-2 37
Resveratrol (mg) 0-1 0-07 0-11 0-09
Mean simplified dietary pattern scoret 0-10 -0-23 —-0-04 -0-13

*Including secoisolariciresinol, matairesinol, lariciresinol, isolariciresinol, pinoresinol, syringaresinol and medioresinol.
1 A simplified dietary pattern score was obtained by summing standardised intake values of tea, wine, lettuce, mixed vegetables, tomatoes, milk and whole-grain bread

as energy-adjusted densities.

mixed vegetables, tomatoes, and whole-grain bread and a low
intake of milk.

Tea, a rich food source of quercetin and lignans in Western
populations, had the highest loading factor in the dietary pat-
tern characterised by the intake of phytochemicals, and black
tea has been indicated as a factor that can prevent the devel-
opment of oesophageal cancer'®
has identified black tea to have anti-carcinogenic properties,
which could be synergistically enhanced by the intake of
resveratrol ™. Tea consumption has been shown to be a sig-
nificant risk factor for OSCC in Iran, which may be mainly due
to the habit of drinking tea at very high temperatures, which
could cause injury to the oesophageal mucosa and increase
the risk of OSCC“”. In Sweden, where tea is not consumed

. Moreover, animal research

at high temperatures, no associations between tea consump-
tion and the risk of any of the main histological types of
oesophageal cancer have been found“®. Wine, which is
rich in resveratrol, was another key component in the defined
dietary pattern in the present study. It is possible that resver-
atrol might have contributed to the decreased risk of OAC
and OSCC among wine drinkers observed in some studies“™.
Furthermore, high intake of fruits and vegetables has been
found to decrease the risk of oesophageal cancer™®. Fruits
and vegetables are the main sources of the three studied
phytochemicals®”. Particularly, tomatoes and lettuce, the
main contributors of quercetin intake, were highlighted in
the defined dietary pattern. This finding parallels that of a
previous study, in which tomatoes were a key component
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Table 2. Food groups mainly contributing to a high phytochemical (resveratrol, quercetin and lignans) dietary

pattern score

Original dietary pattern score*

Simplified dietary pattern scoret

Dietary intakef Pearson’s correlation coefficient

Factor loading Pearson’s correlation coefficient

Tea 0-70
Wine 0-52
Lettuce 0-39
Mixed vegetables 0-34
Tomatoes 0-32
Milk —0-31

Whole-grain bread 0-29

0-48 0-70
0-36 0-71
0-27 0-37
0-23 0-28
0-22 0-29
—0-21 -0-28
0-20 0-10

*The original dietary pattern score was estimated using reduced-rank regression analysis.

1 A simplified dietary pattern score was obtained by summing standardised intake values of tea, wine, lettuce, mixed vegetables,
tomatoes, milk and whole-grain bread as energy-adjusted densities.

I Dietary intake is expressed as energy-adjusted densities, i.e. per 4184 kJ/d (1000 kcal/d).

in a ‘healthy diet’ pattern for preventing the development of
oesophageal cancer®”. Whole-grain bread is the most import-
ant dietary source of lignans in Sweden and other European

©2  High intake of whole-grain bread has been

countries
reported to be associated with a decreased risk of OAC and
has been found to be a component of a ‘healthy pattern’ for
OAC, together with a low intake of milk®®. A high intake of
energy from milk is usually associated with a low intake of
energy from fruits and vegetables, which often results in a
low intake of these three phytochemicals, and a high intake
of milk might increase the risk of oesophageal cancer®®.
However, we cannot confirm that the beneficial effect of

these three phytochemicals on the risk of oesophageal
cancer observed in the present study is different from any
accumulated or synergistic effect of phytochemicals in the
plant-based diet.

Epidemiological studies examining lignans, quercetin and
resveratrol separately in relation to the risk of oesophageal
cancer are scarce. The oestrogenic and anti-obesity properties
of lignans might have contributed to the decreased risk of
oesophageal cancer found in the present study®. Animal
research has found that quercetin can induce apoptosis””,
but no epidemiological studies have addressed the role of
quercetin intake in the development of oesophageal cancer.

Table 3. Quintiles of simplified dietary pattern scores based on the intake of food items that were derived to explain variation in the intake of the

phytochemicals resveratrol, quercetin and lignans

(Odds ratios and 95 % confidence intervals; number of subjects and percentages)

Quintiles of simplified dietary pattern scores

1 2 3 4 5
OR OR 95% CI OR 95% ClI OR 95% ClI OR 95% ClI P for trend*

Controls

n 161 162 161 160 162

% 20-0 201 20-0 19-8 20-1
Oesophageal adenocarcinoma cases

n 61 31 42 29 18

% 33.7 171 232 16-0 10-0

Age and sex adjusted Reference 0-56 0-31, 0-82 0-71 0-45,1-12 0-48 0-29, 0-80 0-31 0-17, 0-55 0-0002

Multivariable adjustedt Reference 0-46 0-26, 0-83 0-69 0-40, 1-20 0-56 0-30, 1-03 0-24 0-12, 0-49 0-0007
Oesophageal squamous-cell carcinoma cases

n 40 28 40 30 20

% 25-3 177 25-3 19-0 12.7

Age and sex adjusted Reference 0-64 0-37, 110 0-87 0-53, 1-44 0-59 0-34, 1-01 0-38 0-21, 0-70 0-003

Multivariable adjustedt Reference 0-56 0-31, 1-02 0-81 0-46, 1-42 0-50 0-27, 0-93 0-31 0-15, 0-65 0-003
Gastro-oesophageal junctional adenocarcinoma cases

n 73 56 55 35 36

% 28-6 220 21-6 137 141

Age and sex adjusted Reference 0-75 0-50, 1-13 0-77 0-51, 1-16 0-47 0-29, 0-74 0-45 0-28, 0-73 0-0003

Multivariable adjustedt Reference 0-72 0-46, 1-14 0-75 0-47,1-18 0-51 0-30, 0-85 0-49 0-28, 0-84 0-008
Oesophageal or gastro-oesophageal junction adenocarcinoma cases

n 134 87 97 64 54

% 307 20-0 22-3 14.7 124

Age and sex adjusted Reference 0-64 0-45, 0-91 0-74 0-52, 1.04 0-48 0-33, 0-69 0-40 0-27, 0-58 < 0-0001

Multivariable adjustedt Reference 0-67 0-45, 0-98 0-74 0-50, 1-09 0-55 0-36, 0-85 0-42 0-26, 0-67 0-0005

*Two-sided P values for trend were calculated by the Wald statistics, using the median values for each category of dietary pattern score as a continuous variable.
1 Adjusted for age, sex, energy, educational level, tobacco smoking status, alcohol consumption, BMI, physical activity, reflux and Helicobacter pylori infection.
1 Adjusted for age, sex, energy, educational level, tobacco smoking status, alcohol consumption and physical activity.
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However, a strong inverse association between quercetin
intake and distal gastric cancer risk has been repor’[ed(%).
Resveratrol can exert anti-carcinogenic effects and modulate
lipid and lipoprotein metabolism and has oestrogenic
properties””. A dietary pattern characterised by a high
combined intake of these three phytochemicals might exert
an anti-carcinogenic effect based on the synergistic effect on
the suppression of adipogenesis and induction of apoptosis,
as indicated in animal research®".

The strengths of the present study include the population-
based design, including most newly diagnosed cases of the
three oesophageal cancer subtypes in Sweden over 3 years,
and the rigorous tumour classification of site and histological
types. The random sampling of controls from the entire Swed-
ish population reduced the possibility of biased selection.
Another strength was the ability to adjust the results for all
the established risk factors, counteracting bias due to con-
founding. Finally, the adopted RRR approach is a novel and
powerful tool for describing overall dietary habits, with a
focus on the variation in the intake of the interested disease-
related nutrients. Weaknesses include information bias of
exposures, as dietary intake estimations based on FFQ are
typically associated with some level of measurement errors.
The requirement to recall past dietary habits could result in
misclassification of the exposure factors, but significant differ-
ences in the recall of dietary habits between cases and controls
are not likely to occur because of their case—control (recall
bias) status. In fact, we have shown in a previous validation
study that cases and controls have equal reliability regarding
recalling remote dietary habits®”. Moreover, previous dietary
studies based on the same case—control study on which the
present study is based have reported clear differences in
associations depending on the histological type of oesopha-
geal cancer, further indicating that recall bias is not a major
839 The phytochemical exposure was based on
the dietary intake 20 years before the interview, resulting
in an increased risk of misclassification due to difficulties
in recalling previous dietary habits. Furthermore, the phyto-
chemical concentration values in the food database used in
the present study were derived from a recently published
paper, which might not be a good representative of foods
consumed in the 1970s because of changes in industrial
technology and cooking procedures. However, the cooking
procedures and dietary habits have apparently not changed
since the 1970s in the Swedish population, according to the
Swedish National Food Administration. Moreover, this
method of dietary intake assessment of food items 20 years
earlier has been validated with good results and shown to
capture a combination of previous and current dietary
habits®®”. Non-participation was limited, but existed, which
introduces a risk of selection bias. However, an association
between participation and the dietary pattern studied was
not likely, and thus non-participation cannot explain the
findings of the present study. Finally, although the sample
size was comparatively large, there were a limited number
of cases in each quintile of dietary pattern scores, leaving a
risk of chance errors. However, the strongly decreased
risk estimates obtained in the present study were clearly

concem

statistically significant, and the dose—response trends further
indicate the robustness of the findings.

In conclusion, this comprehensive and population-based
case—control study indicates that a high combined dietary
intake of foods rich in lignans, quercetin and resveratrol
(represented by a high intake of tea, wine, tomatoes, lettuce,
mixed vegetables, and whole-grain bread and a low intake of
milk) could prevent the development of OAC, OSCC and JAC.
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