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Abstract

Objective: The Nordic Nutrition Recommendations (NNR) aim at preventing diet-
associated diseases such as cancer in the Nordic countries. We evaluated adherence
to the NNR in relation to prostate cancer (PC) in Swedish men, including potential
interaction with a genetic risk score and with lifestyle factors.

Design: Population-based case—control study (Cancer of the Prostate in Sweden
(CAPS), 2001-2002). Using data from a semi-quantitative FFQ, we created an NNR
adherence score and estimated relative risks of PC by unconditional logistic
regression. Individual score components were modelled separately and potential
modifying effects were assessed on the multiplicative scale.

Setting: Four regions in the central and northern parts of Sweden.

Subjects: Incident PC patients (72 1386) and population controls (72 940), frequency-
matched on age and region.

Results: No overall association with PC was found, possibly due to the generally
high adherence to the NNR score and its narrow distribution in the study popu-
lation. Among individual NNR score components, high compared with low
intakes of polyunsaturated fat were associated with an increased relative risk of
localized PC. No formal interaction with genetic or lifestyle factors was observed,
although in stratified analysis a positive association between the NNR and PC was
suggested among men with a high genetic risk score but not among men with a
medium or low genetic risk score.

Conclusions: Our findings do not support an association between NNR adherence
and PC. The suggestive interaction with the genetic risk score deserves further
investigations in other study populations.
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Recommendations on dietary intake have been part of
public health initiatives in the Western world for over
a century'”. During the past two decades, the WHO has
issued dietary recommendations for prevention of
chronic diseases”. The Nordic countries (Denmark,
Finland, Iceland, Norway and Sweden) have provided
joint recommendations on nutrient intakes since 1980: the
Nordic Nutrition Recommendations (NNR)®. Based on
scientific evidence and revised every eight years, the
last time in 2004, the NNR mirror the nutritional needs of
the Nordic population. They form the basis for national
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dietary guidelines and aim to promote overall good
health and prevent chronic diet-associated diseases. In a
recent study, adherence to the NNR was found to be
unrelated to upper respiratory tract infections™. How-
ever, no study to date has examined the NNR in relation
to cancer risk.

Among men in the Nordic countries, prostate cancer
(PC) is by far the cancer with the highest incidence®.
The aetiology of PC is still poorly understood, although
both environmental and genetic factors are thought to
be involved®”. Because incidence changes following
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migration from a low- to a high-risk country'’~'?| lifestyle
factors such as diet are likely to play an important role.
Several individual foods or nutrients have previously
been associated with risk of PC”''# Among nutrients
included in the NNR, Ca has been shown to increase the
risk1%1¥ whereas conflicting results suggest a possible
protective effect of vitamin E and Se, especially among
men with low serum levels of these nutrients™"!#!%
Dietary fat may also be associated with PC risk"**'®
However, considering the interplay between different
components of the diet, it may be more informative to
study the effect of overall diet. There is also growing
evidence for potential gene—diet interactions in the
development of PC?72V

In a large population-based case—control study in
Sweden, we investigated if adherence to the NNR is
associated with PC. We also explored potential effect
measure modification by genetic and lifestyle factors. We
created a dietary score to assess NNR adherence and a
genetic risk score to study gene—diet interactions. To the
best of our knowledge, no study on dietary recommen-
dations and PC has been performed previously.

Materials and methods

Study population

The Cancer of the Prostate in Sweden (CAPS) is a population-
based case—control study including incident, histologi-
cally confirmed PC cases identified from four of the six
regional cancer registries in Sweden®>". Cases resided
in the central and northern parts of Sweden and were
35-79 years old at enrolment (January 2001-September
2002). Clinical data were obtained for 95% of all cases
via linkage to the National Prostate Cancer Registry.
Advanced PC cases were defined as those meeting at
least one of the following criteria: TNM (tumour-node-
metastasis) stage T3/T4, N1 or M1; Gleason score 8-10; or
serum prostate-specific antigen (PSA) level at diagnosis
=100ng/ml. Localized cases did not meet any of the
above criteria. Population controls were randomly selec-
ted from the Swedish Population Registry and frequency-
matched to cases by 5-year age categories and region of
residence.

In total 1895 eligible cases were invited to participate,
of whom 1499 (79 %) completed a baseline questionnaire
and 1400 (74 %) donated a blood sample. Of 1684 eligible
controls, 1130 (67 %) completed the questionnaire and
879 (52%) donated blood. In total, 1352 cases (71%)
and 858 controls (51%) both completed the questio-
nnaire and donated blood. An average time of 5 months
elapsed between diagnosis and date for sending out
the questionnaire. The study was performed according
to the guidelines laid down in the Declaration of
Helsinki and was approved by the ethics committees
at Karolinska Institutet and Umea University in Sweden.
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All participants gave their written informed consent
at enrolment.

Exposure assessment

A semi-quantitative FFQ assessed the usual intake during
the previous year of 106 items including foods, beverages
and alcohol, with additionally three questions on dietary
fat and ten questions on dietary supplements®>>2®,
Macro- and micronutrient intakes assessed by the FFQ
have been validated against repeated 24h recall inter-
views in 248 Swedish men, with Spearman correlation
coefficients between 0-3 and 0-8 (e.g. r=0-3 for Fe,
r=0-8 for alcohol; P<0-05)%”. The intake of food
items has been validated against weighed food records,
with Pearson correlation coefficients ranging from 0-2 to
06 (e.g. r=0-2 for broccoli, r=0-5-0-6 for dairy pro-
ducts; P<0-05)*. To calculate nutrient and energy
intakes, the FFQ dietary information was linked to the
Swedish National Food Administration database®®, con-
taining about 1500 food products. For these calculations
we created aggregated codes corresponding to 253 food
and beverage items. Dietary supplement data were not
included in nutrient calculations.

Physical activity was assessed in the questionnaire
as levels of occupational, household and recreational
activity at different ages (15, 30, 50 and 65 years, and
age at study entrance). Questionnaire validity has been
tested against 7 d activity diaries (Spearman correlation
r=0-56)%". Questionnaire data were converted into
minutes of daily moderate and/or vigorous physical
activity using the most recent age category preceding age
at study entrance. Moderate and/or vigorous activity at
work was defined as: ‘Mostly sitting’/‘Sitting half of the
time’/‘Mostly standing’ = 0 min/d; ‘Mostly walking, lifting,
carrying a little’ =1h/d for 5 d/week; ‘Mostly walking,
lifting, carrying a lot’ =3h/d for 5d/week; ‘Heavy phy-
sical labour’ =5h/d for 5 d/week. Walking/bicycling
and physical exercise were reported in minutes per day.
To obtain total minutes of daily physical activity, we
calculated the sum of occupational activity, walking/
bicycling and physical exercise.

Adberence to the Nordic Nutrition
Recommendations

The NNR include reference values for energy intake,
recommendations for macronutrient (fat, carbohydrates
and protein) composition expressed as a percentage of
total energy intake (excluding energy from alcohol), and
recommendations for intakes of alcohol, fibre, salt, indi-
vidual vitamins and minerals, and for levels of physical
activity. NNR adherence was expressed as a score based
on nine main variables: fat, carbohydrates, protein, fibre,
vitamins, minerals, salt, alcohol and physical activity.
Micronutrient intakes were energy-adjusted by the resi-
dual method, adding to the residual the predicted nutrient
intake at an energy intake of 10600k]J, an adequate
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reference level for men aged 61-74 years according to the
NNR. Recommendation levels and groupings of variables
are listed in Table 1.

Adherence to each dietary recommendation was gra-
ded on a continuous scale from 0 to 1 (Fig. 1). One point
was given for intakes within the NNR (perfect adherence).
Zero points (non-adherence) were given for intakes
below and above the extreme cut-off points, defined as
the median of the ten lowest or ten highest intakes in the
study population (Table 1). For intermediate degrees of
adherence, a proportional score between 0 and 1 was
calculated according to equations (1) and (2) in Fig. 1;
accordingly, the score approaches 1 when intake is close
to the NNR and 0 when intake is far from the NNR. Due to
high activity levels in the study population, adherence
cut-off points for physical activity were set at =60 min/d
for perfect adherence and =30 min/d for non-adherence,
and a proportional score was calculated for intermediate
adherence according to equation (1) in Fig. 1.

Within variables that included several individual recom-
mendations (fat, carbohydrates, vitamins and minerals),
the individual scores were summed and divided by
the number of recommendations included; thus, each of
the nine main variables was given equal weight in
the final score. The scores of the main variables were
summed into a total adherence score ranging from 0 to 9
points. The score was categorized using the following
cut-off points (chosen in order to attain sufficient numbers
of participants in each group while avoiding too narrow
intervals): =6-7 points for low adherence; 6-7-7-6
points for medium adherence; and >7-6 points for high
adherence.

Assessment of genetic risk score

The analysis of genetic data in CAPS has been described
elsewhere™®”. Altogether thirty-six SNP have previously
been associated with PC risk®”. Based on thirty-four of
these SNP, we created a genetic risk score by taking the
ratio of the number of risk alleles for each individual to
the total number of alleles successfully analysed in that
individual. The score ranged between 0 and 1 and was
categorized as low, medium and high genetic risk using
approximate tertiles among the controls. Regarding the
included SNP we refer to Table 2 in Gronberg et al®®,
excluding 1$12543663, 1s1016343 and 1s13252298 in the
chromosomal region 8q24, and adding rs4054823 in the
17p12 region.

Statistical methods

Participants with incomplete dietary data (7 67) or unrea-
sonable energy intakes (<3300kJ/d or >21000Kk]J/d;
n 27) were excluded from analyses. Participants with partly
missing data for physical activity, except those reaching at
least 60 min of daily moderate and/or vigorous activity in
spite of their missing data, were also excluded (7 264).
The final analyses included 2326 participants (1386 cases
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and 940 controls). For gene—diet interaction analyses,
due to missing genetic information the total data set was
limited to 1950 participants (1220 cases and 730 controls).
Differences between baseline characteristics of cases and
controls were compared using the Wilcoxon—-Mann—
Whitney test for continuous variables and the x* test for
categorical variables. To investigate potential selection
bias, comparison of baseline characteristics was performed
both for those included in and excluded from the analyses.
Moreover, to evaluate the quality of the NNR score we
estimated Pearson correlation coefficients between the
total score, its individual components and energy intake.

The association between PC and NNR adherence
was estimated using unconditional logistic regression,
generating odds ratios and 95 % confidence intervals with
indicator variables for low, medium and high adherence.
The total score was also modelled continuously to assess
the effect of a 1-point increment. To evaluate the indivi-
dual effects of the NNR score components, we modelled
each individual recommendation using absolute intake
cut-off points for categorization into low, medium
and high intake. Ca is likely to be associated with PC and
was included in the analysis. However, no other vitamins
or minerals were analysed separately as the large number
of single nutrients would have increased the risk of
chance findings. We also modelled each of the nine
main variables categorized into two or three adherence
levels, depending on how evenly the score was distri-
buted. To illustrate the shape of the exposure—disease
relationship by a smoothed function of adherence, we
fitted restricted cubic splines for the continuous NNR
score and for each score component. Analyses were
performed for total PC and for advanced and localized
tumours separately.

All models were adjusted for the matching factors
age and region. Multivariate models also included edu-
cation, smoking, BMI, total energy intake and family
history of PC. Selection of potential confounders to
include was based on subject matter knowledge and on
the change in B coefficients (=10%). The following
covariates were considered as potential confounders
but not included in the final model: employment status,
marital status, coffee intake, fatty fish intake, phyto-
oestrogen intake, snuff use and dietary supplement use.
Potential effect measure modification by a priori selected
covariates (genetic risk score, family history of PC, BMI,
smoking and dietary supplement use) was assessed
by including multiplicative interaction terms in logistic
regression models as well as by stratification using inter-
action indicator variables.

Wald tests and likelihood ratio tests were used to
assess the statistical significance of observed effects
(P<0-05, two-sided tests). The Hosmer—Lemeshow and
the Pearson y* goodness-of-fit tests were performed
to assess model fit. Analyses were performed using the
statistical software packages SAS version 9-2 (SAS Institute
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Table 1 Grouping of individual recommendations of the Nordic Nutrition Recommendations (NNR) score; recommendation levels and cut-off points for adherence; mean intakes and
percentage of adherence in the study population: the Cancer of the Prostate in Sweden (CAPS) study (n 2326)

Cases (n 1386) Controls (n 940)
Grouping of recommendations Recommendation levels Cut-off points for
in the NNR score according to the NNR adherence score* Mean intake  sb % of cases within the NNR Mean intake sp % of controls within the NNR
Fat
Total fat (%E)t 25-35 25-35=1p 32-8 5-3 63-3 32:9 5-2 60-7
=18-2 or =52:8=0p
Saturated fat (%E)t =10 =10=1p 14-4 30 6-1 14-6 31 6'5
=25=0p
Monounsaturated fat (%E)t 10-15 10-15=1p 11-4 19 761 11-5 1-9 76-9
=6-20r =20-9=0p
Polyunsaturated fat (%E)t 5-10 5-10=1p 4.5 11 21-0 4-3 0-9 18-3
=2-10r=10:9=0p
Protein
Protein (%E)t 10-20 1020=1p 16-1 2-5 93-0 16-3 2:4 92:5
=9-30or =24-8=0p
Carbohydrates
Carbohydrates (%E)t 50-60 50-60=1p 511 5-3 53-8 50-8 5-3 51-8
=31 0or=68=0p
Sugar (%E)t =10 =10=1p 21-6 5-1 0-5 21-4 5-1 0-9
=43-1=0p
Vitaminst
Vitamin A (ng/d)§ 900-3000 900-3000=1p 1703-8 655-9 931 1733-4 680-3 93-7
=538 or >4090=0 p
Vitamin B4/Thiamin (mg/d) =1-3 =1-3=1p 17 0-3 92-0 17 0-3 92:2
=0-8=0p
Vitamin B,/Riboflavin (mg/d) =1-5 =1-5=1p 2:4 0-5 97-0 2:4 0-5 97-3
=1-0=0p
Vitamin Bs/Niacin (mg/d) =17 =17=1p 19-6 3-8 756 19-7 39 74-6
=75=0p
Vitamin Bg (mg/d) =1-6 =1-6=1p 2:4 0-4 96-8 2:4 0-5 96-9
=1-2=0p
Folate (ng/d) =300 =300=1p 336-2 85-2 64-9 334-9 85-1 62-8
=143-6=0p
Vitamin By, (.g/d) =2-0 =2:0=1p 89 37 99-9 9-5 41 100-0
=10=0 p#t
Vitamin C (mg/d) =75 =75=1p 128-3 60-9 81-1 123-3 61-2 79-8
=19-3=0p
Vitamin D (pg/d) 10-50 10-50=1p 8-1 2:7 18-6 8-3 3-3 21-6
=2-2 or >50 =0 p§§
Vitamin E (mg/d)|| =10 =10=1p 9-1 1-8 23-6 8-9 1-8 22:6
=4-1=0p
Mineralst
Ca (mg/d) 800-2500 800-2500=1p 1393-7 423-3 93-9 1396-9 411-3 93-7
=469 or >3111=0p
P (mg/d) 600—-4000 600—4000=1p 1842-7 3234 100-0 1852-3 3129 100-0
=600 or >4000 = 0 p§§
Mg (mg/d) =350 =350=1p 4365 64-3 91-9 433-8 63-0 91-6
=262-9=0p
K (mg/d) =3500 =3500=1p 4160-5 707-8 83-8 41339 7142 826

=2176=0p

0061
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Table 1 Continued

Cases (n 1386) Controls (n 940)
Grouping of recommendations Recommendation levels Cut-off points for
in the NNR score according to the NNR adherence score* Mean intake  sb % of cases within the NNR Mean intake  sb % of controls within the NNR
Fe (mg/d) 9-25 9-25=1p 14-4 31 96-9 14-5 3-0 98-2
=6-7 or >26:5=0p
Zn (mg/d) 9-25 9-25=1p 13-2 21 97-8 13-4 2:0 98-7
=6-7 =0 p§§
Se (ng/d) 50-300 =50=1p 43-9 10-1 22:4 44-5 10-6 23-8
=18-9=0 p§§
lodine (not measured) - - - - - - - -
Cu (not measured) - - - - - - - -
Fibre intake (g/d)t =25-35 =25=1p 27-3 7-6 59-2 271 7-4 59-6
=89=0p
Salt/Na (g/d)1,q =2-8 =2-8=1p 3-8 0-7 3-8 3-8 0-6 39
=3-3=0p
Alcohol intake (%E)** =5 =s5=1p 2:4 4.2 90-3 2:4 4.4 90-9
=10=0p
Physical activity (min/d)tt =30 =60=1p 125-4 103:0 69-2 128-0 107-7 68-4
=30=0p

%E, percentage of total energy intake.

*1 point (1 p) was accredited for intakes within the recommendations (perfect adherence) and 0 points (0 p) for intakes outside the median of the ten highest or ten lowest intakes in the study population (non-adherence).
A proportional score between 0 and 1 was estimated for intakes between the recommendations and the median cut-off points (intermediate adherence) as described in Fig. 1.

tAlcohol was not included in total energy intake when calculating percentage of energy.

tVitamins, minerals, fibre and Na are energy-adjusted by the residual method, adding to the residual a constant equivalent to the predicted nutrient intake at a reference energy intake of 10 600 kJ.

§Vitamin A: measured as the sum of retinol, B-carotene and other carotenoids. Upper intake level is for retinol only.

[|Vitamin E: measured as a-tocopherol, which is the most active form of tocopherols.

YA cut-off value of 3-3 g/d was chosen instead of the median among the ten highest intakes due to the generally high Na intakes in the Swedish population.

**A cut-off value of 10 %E was chosen instead of the median among the ten highest intakes (41 %E), due to the large variability in alcohol consumption in the population and the detrimental effects of higher alcohol
intakes.

+1The NNR recommends physical activity of at least moderate intensity for a minimum of 30 min/d and preferably more than 60 min/d. Adherence cut-off points were set higher than the minimum recommendation level so
as to obtain a sufficient number of men in the low adherence group.

t1An arbitrary level of 1-0 ug vitamin Bo/d was chosen as cut-off value for 0 points, since only three men had intakes below the NNR.

§§The median of the ten highest intakes was below the recommended upper intake level, or no men had intakes above the upper intake level.

I190Ued Iesoxd pue suonepuauodal UOnLINN

1061


https://doi.org/10.1017/S1368980012000778

1902 E Moller et al.

Intake=0 Median Xa Mediany

_Y_N s v o’ T H_’
Op Proportional score 1p Proportional score Op
0-1p 0-1p

Fig. 1 Schematic illustration of adherence score calculation for each dietary component of the Nordic Nutrition Recommendations
(NNR). The dashed line represents the intake range. NNR_ and NNRy, are respectively the lower and upper recommendation cut-
off points defined in the NNR; for intakes within these levels, 1 point (1 p) was accredited (perfect adherence). Median, and
Mediany are respectively the lower and upper extreme cut-off points, defined as the median among the ten lowest and ten highest
intakes in the study population; for intakes outside the median cut-off points, 0 points (0 p) were accredited (non-adherence). A
proportional score between 0 and 1 (0—1 p) was calculated for intakes between the NNR and the median cut-off points
(intermediate adherence) according to equations (1) and (2) below. X and Xg represent actual intake levels within the proportional

score range. For lower limits, the score varies from 0 to 1:

Proportional score = (Xa—Median ) /(NNR_—Median, ) 1

For upper limits, the score varies from 1 to 0:

Proportional score = 1—[(Xg—NNRy)/(Mediany—NNRy)] 2

Inc., Cary, NC, USA) and STATA version 12 (StataCorp LP,
College Station, TX, USA).

Results

Table 1 presents the mean absolute intakes and percen-
tage of adherence to each individual recommendation
of the NNR in cases and controls. The mean intakes did
not reach the recommended levels for SFA, PUFA, sugar,
vitamins D and E, Se and Na, resulting in low adherence
to these recommendations. As an example, <7 % of the
participants followed the recommendations for SFA, sugar
and Na. In contrast, almost all participants reached the
recommended levels for vitamin By, and P, and >90%
were within recommended intakes of protein, vitamins A,
By, B; and Bg, Ca, Mg, Fe, Zn and alcohol. Pearson cor-
relation coefficients between the total NNR score and its
components ranged from 7= 0-01 (Na) to r=0-64 (e.g.
physical activity = 0-64, fibre r= 0-49, fat r= 0-39; data
not shown). Correlations between each individual com-
ponent ranged from 7= 0-46 (fibre v. vitamins) to »= 0-50
(fat v. carbohydrates), and correlations with energy intake
were in the range »= 0-02-0-17 (data not shown).
Compared with controls, cases were younger, were
more likely to reside in the north of Sweden and to take
dietary supplements, had a lower alcohol intake and
more frequently had a family history of PC (Table 2).
There were no major differences with regard to BMI,
education level, marital status, smoking status, total
energy intake or physical activity. Participants excluded
from the analyses were more likely to be controls (56 %)
than the included participants (40%; data not shown).
Among the excluded participants, cases were somewhat
older, more likely to reside in the central parts of Sweden
and to take dietary supplements, more frequently had a
family history of PC, were to a higher extent living alone/
widowers and current/former smokers, and had higher
energy and alcohol intakes (data not shown). The mean
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NNR score and the distribution between the adherence
groups were similar in cases and controls. The total mean
score was 7-2 (sp 0-6, range 4-1-8:6); 22% of the parti-
cipants had low NNR adherence, 55% had medium
adherence and 24 % had high adherence.

As illustrated in Fig. 2, we found no statistically sig-
nificant association between the NNR and PC, but a
suggestive increased relative risk for localized disease.
There was no evidence of association between the con-
tinuous NNR score and PC, nor in restricted cubic spline
models (data not shown).

Among individual NNR components, we
observed a 65% increased relative risk of localized dis-
ease for high v. low intake of PUFA (OR = 1-65, 95% CI
1-01, 2-69; Table 3). There was no statistically significant
association with total, advanced or localized PC for any of
the other components. Restricted cubic splines on the
components did not show any associations, nor did
analyses on the individual effects of adherence to each of
the nine main variables of the score (data not shown).

Formal interaction tests showed no statistically sig-
nificant gene—diet interaction (Table 4). However, strati-
fication by indicator variables showed an increased
relative risk of PC for medium (OR = 1-39, 95% CI 0-92,
2-08) and high (OR =1-91, 95% CI 1-15, 3-19) compared
with low NNR adherence among participants with a high
genetic risk score. No association was seen in those with
a medium or low genetic risk score. We observed no
statistically significant interaction for family history of
PC, BMI, smoking or dietary supplement use. However,
stratification by indicator variables showed non-significant
positive associations between NNR adherence and malig-
nancy among men with a family history of PC, obese men
and former smokers, but not among men with no family
history, BMI < 30kg/m?* or never/current smokers. When
separating advanced and localized disease, the results were
similar to those for total PC but overall stronger for localized
PC (data not shown).

score
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Table 2 Characteristics of participants by disease status in the Cancer of the Prostate in Sweden (CAPS) study (n 2326)

Cases (n 1386) Controls (n 940)
Characteristic n % n % P*
Age (years) 0-01
Mean 665 67-3
SD 7-2 7-5
Region <0-001
North 440 32 175 19
Central 946 68 765 81
Education level 0-16
0-9 years 617 45 406 43
10-12 years 568 41 418 45
=13 years 197 14 114 12
Marital status 0-15
Married/partner 1135 82 742 79
Divorced/unmarried 181 13 134 14
Widower 69 5 62 7
Smoking 0-39
Never smokers 543 40 350 37
Former smokers 690 50 472 51
Current smokers 139 10 109 12
BMI (kg/m?) 0-35
<25 540 40 337 37
25-<30 638 47 450 49
=30 171 13 123 14
BMI at inclusion (kg/m?) 0-45
Mean 26-2 26-3
SD 34 3-4
Physical activity (min/d)t+ 0-72
Mean 125-4 128-0
SD 103-0 107-7
Total energy intake (kJ/d) 0-38
Mean 9583-1 95337
SD 2642-5 2697-0
Alcohol intake (g/d) 0-04
Mean 8-2 8-6
SD 16-6 211
Dietary supplement use 0-01
Yes 672 50 398 44
No 678 50 507 56
NNR adherence score (points)t 0-95
Mean 7-2 7-2
SD 0-6 0-6
Adherence to the NNR% 0-69
Low 297 22 203 21
Medium 754 54 524 56
High 335 24 213 23
Family history of prostate cancer <0-001
Yes 257 19 90 10
No 1129 81 850 90
Disease characteristics among cases (% of all cases) -
Advanced cases§ 541 39 - -
Localized cases§ 762 55 - -
Gleason grade sum -
Mean 6-5 -
SD 1-2 -
PSA level (ng/ml) -
Mean 87-6 -
SD 367-9 -

NNR, Nordic Nutrition Recommendations; PSA, prostate-specific antigen.

*P values were obtained by the x? test for categorical variables and the Wilcoxon—-Mann—-Whitney test for continuous variables. P< 0-05 was considered
statistically significant.

tActivity of at least moderate intensity.

tAdherence to the NNR score, range 0-9 points: low, <6-7 points; medium, 6-7—7-6 points; high, >7-6 points.

§Advanced cases: tumour stage T3/T4 or N1 or M1; or Gleason sum =8; or PSA =100 ng/ml. Localized cases: not meeting any of the aforementioned criteria.
Percentage values do not add up to 100 % due to missing disease characteristics data on eighty-three cases.

Discussion adherence to the NNR. Among individual components of

the NNR score, a high intake of PUFA was associated with
We found no overall association between the NNR and PC an increased relative risk of localized PC. A non-significant
risk in this Swedish study of men with generally good interaction with the genetic risk score was suggested.
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Fig. 2 Adherence to the Nordic Nutrition Recommendations
(NNR) and relative risk of prostate cancer (PC) in the Cancer
of the Prostate in Sweden (CAPS) study (n 2233), by disease
subtype. Adherence to the NNR, range 0-9 points: low
adherence (reference group), =6-7 points; medium adher-
ence, 6-7—7-6 points; high adherence, >7-6 points. Advanced
PC: tumour stage T3/T4 or N1 or M1; or Gleason sum =8; or
prostate-specific antigen =100 ng/ml. Localized PC: tumours
meeting none of the aforementioned criteria. Multivariate OR
and 95% CIl (shown by horizontal bars) derived from
unconditional logistic regression adjusted for age (in 5-year
intervals), region (north; central), education (0-9 years; 10-12
years; =13 years), smoking status (never; former; current),
BMI (quartile distribution of controls), energy intake (quartile
distribution of controls) and family history of PC (yes; no). P for
trend was not significant for any subgroup (P> 0-05). No major
differences between simple and multivariate models were
observed

Our findings are in line with several previous studies
showing no association between overall diet and PC
risk®13* . However, two case—control studies have
reported a positive association for empirically derived
dietary patterns composed of red and processed meat,
refined grains, and processed food and beverages®%3%.
No previous study has investigated the relationship
between dietary recommendations and PC, but among
studies looking at overall cancer, some have found
an inverse association®*” whereas others did not see
an association*'=*,

A plausible explanation for the observed lack of an
association between the NNR and PC is the overall good
dietary habits of the study population. The exposure dis-
tribution is narrow and skewed towards high adherence
scores; hence the small differences between adherence
groups may have blunted any potential association with
PC. To detect a weak association between overall diet and
cancer, a large proportion of participants with an informa-
tive distribution of the dietary score is needed, which may
be difficult to achieve in relatively well-nourished popula-
tions such as the Swedish. Also, the main goal of the NNR
is to set adequate levels of nutrient intake sufficient for
normal growth and function, and these levels may be too
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low to convey a cancer protective effect. Moreover, the
suggestive increased relative risk of localized PC may be
explained by the fact that health-conscious individuals
are both more likely to eat healthily and to undergo an
early diagnosis of PC compared with less health-conscious
individuals, which may lead to an overestimation of the
risk of early-diagnosed localized disease.

The results for individual score components suggest
that a high intake of PUFA, although largely within
recommended levels, may increase the risk of localized
PC. High intakes of total fat, SFA and the polyunsaturated
a-linolenic acid have previously been shown to increase
PC risk">!®. However, our results may be biased by high
diagnostic intensity among health-conscious localized cases,
as described above. Low statistical power also increases the
likelihood of a false positive finding. Regarding Ca, it has
been proposed as a probable risk factor for PC, displaying a
dose-response relationship with effects seen at doses of
1-5g/d1>% However, comparing the highest (>1-6g/d)
with the lowest (<1-0g/d) group of Ca intake in the CAPS
study, we observed no association with PC.

No overall gene—diet interaction in relation to PC was
found. However, stratified analysis suggested a positive
association between the NNR and PC only among parti-
cipants with a high genetic risk score. Previous evidence
implies that gene—diet interactions may be involved in PC
development. For instance, the relationships between PC
risk and dietary intake of fatty fish"®*” phyto-oestrogens''”
and antioxidants"”?" seem to be modified by genetic
polymorphisms. Nevertheless, our analyses are explorative
and the results should be interpreted with caution since
residual confounding may exist within strata and the results
are based on few participants due to narrow distributions of
both the NNR score and the genetic risk score.

An interaction between diet and BMI is biologically
plausible as changes in body composition lead to meta-
bolic changes potentially affecting the bodily response to
dietary factors. Overweight and obesity affect e.g. levels
of insulin, insulin-like growth factor 1 and sex-hormone
binding globulin, hormones possibly associated with PC
risk“”™_ In the current study, obese participants had a
suggestive but non-significant increase in PC risk with
higher compared ». lower NNR adherence. We need to
consider that under-reporting of energy intake is generally
more common among obese than non-obese indivi-
duals®®>? | which is indicated in our study by a lower
reported energy intake among obese compared with non-
obese men. However, the reported energy intake was
similar between cases and controls in all BMI categories,
so any potential exposure misclassification is likely to be
non-differential, causing a dilution of effect. As regards
smoking, we found no formal interaction, although a posi-
tive association between the NNR and PC was suggested
among former smokers. A previous study found that a high
dairy intake reduced the risk of PC, especially aggressive
disease, among current but not former smokers®?.
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Table 3 Individual components of the Nordic Nutrition Recommendations (NNR) score and relative risk of prostate cancer (PC), by disease subtype, in the Cancer of the Prostate in Sweden

(CAPS) study

Individual components Recommendation

Intake cut-off

Total PC (n 2233)

Advanced PC (n 1422)

Localized PC (n 1634)

of the NNR score* according to the NNR pointst Cases/controls ORt 95% Cl  Pyena§ Cases/controls ORt  95% Cl  Pyeng§ Cases/controls ORt  95% Cl Pyendd

Total fat (%E) 25-35 <25 78/49 1-00 ref. 0-23 28/49 1-00 ref. 0-07 45/49 1-00 ref. 0-84
25-35 838/548  0-96 0-65, 1:42 334/548 0-95 0-58, 1:57 451/548 1-00 0-64, 1-56
>35 415/305 0-86 0-57, 1-28 158/305 0-75 0-45,1-27 236/305 0-97 0-61, 1-55

Saturated fat (%E) =10 <10 80/57 1-00 ref. 0-66 22/57 1-00 ref. 0-74 51/57 1-00 ref. 0-64
10-15 722/462 1-19 0-82,1-73 283/462 1-53 0-90, 2-61 398/462 1-11 0-72,1-70
>15 529/383 1-08 0-73, 1-58 215/383 1-31 0-76, 2:25 283/383 1-02 0-65, 1-57

Monounsaturated fat (%E) 10-15 <10 265/181 1-00 ref. 0-53 92/181 1-00 ref. 0-46 159/181 1-00 ref. 0-66
10-13 825/570 1-05 0-84, 1-31 337/570 1-20 0-89, 1-61 437/570 0-94 0:72,1-21
>13 241/151 1-10 0-82, 1-46 91/151 1-15 0-79, 1-67 136/151 1-09 0-78, 1-52

Polyunsaturated fat (%E) 5-10 <35 184/128 1-00 ref. 0-47 83/128 1-00 ref. 0-47 89/128 1-00 ref. 0-08
3-5-6 1046/727  0-96 0-74, 1-23 405/727 0-86 0-63, 1-18 577/727 1-10 0-81, 1-50
>6 101/47 1-30 0-85, 2-:00 32/47 1-05 0-61, 1-81 66/47 1-65 1-01, 2-69

Carbohydrates (%E) 50-60 <50 562/399 1-00 ref. 0-44 218/399 1-00 ref. 0-40 319/399 1-00 ref. 0-98
50-60 715/468 1-07 0-90, 1-28 280/468 1-08 0-86, 1-36 384/468 1-02 0-83, 1-:26
>60 54/35 1-10 0-70, 1-74 22/35 1-21 0-68, 2:15 29/35 0-95 0-55, 1-:62

Sugar (%E) =10 <15 121/76 1-00 ref. 0-55 43/76 1-00 ref. 0-39 73/76 1-00 ref. 0-87
15-25 909/638  0-89 0-65, 1-21 351/638 0-93 0-62, 1-39 505/638 0-88 0-61, 1-26
>25 301/188 1-02 0-72, 1-45 126/188 1-10 0-70, 1-73 154/188 0-92 0-61, 1-38

Protein (%E) 10-20 <13 115/74 1-00 ref. 0-27 54/74 1-00 ref. 0-34 54/74 1-00 ref. 0-50
13-20 1136/764  0-93 0-68, 1-28 437/764 0-88 0-60, 1-29 632/764 1-08 0-73, 1-60
>20 80/64 0-76 0-48, 1-21 29/64 0-75 041,1-36 46/64 0-81 0-46, 1-41

Alcohol (%E) <5 <0-5 319/242 1-00 ref. 0-45 135/242 1-00 ref. 0-29 162/242 1-00 ref. 0-87
0-5-5 883/582 1-09 0-88, 1-34 332/582 1-11 0-85, 1-44 500/582 1-07 0-84, 1-38
>5 129/78 1-11 0-78, 1-57 53/78 1-25 0-81, 1-93 70/78 0-98 0-65, 1-48

Fibre (g/d) =25-35 <25 537/368 1-00 ref. 0-75 205/368 1-00 ref. 0-37 305/368 1-00 ref. 0-71
25-35 594/412 0-96 0:79, 1-16 238/412 1-06 0-83, 1-35 319/412 0-88 0-70, 1-10
>35 200/122 1-08 0-83, 1:42 771122 1-18 0-83, 1-66 108/122 1-01 0-73, 1-39

Salt/Na (mg/d) =2800 <3300 271/181 1-00 ref. 0-63 112/181 1-00 ref. 0-85 140/181 1-00 ref. 0-60
3300-3900 560/382 0-93 0:74, 1-18 215/382 0-95 0-70, 1-27 309/382 0-95 0-72, 1-26
>3900 500/339  0-93 073, 1:19 193/339 1-02 0-75, 1-38 283/339 0-93 0-69, 1-23

Ca (mg/d) 800-2500 <1000 206/138 1-00 ref. 0-57 88/138 1-00 ref. 0-25 110/138 1-00 ref. 0-85
1000-1600 779/507 1-07 0-83, 1:23 298/507 0-91 0-67,1:25 431/507 1-16 0-86, 1-57
>1600 346/257  0-95 0:72, 1-26 134/257 0-82 0-58, 1:16 191/257 1-02 0-73, 1-42

Physical activity (min/d) =30, preferably more <60 414/289 1-00 ref. 0-20 154/289 1-00 ref. 0-59 241/289 1-00 ref. 0-10
60-180 558/385 1-09 0-88,1-34 223/385 1-08 0-82, 1-41 294/385 1-07 0-83,1-36
>180 359/228 117 0-92, 1-49 143/228 1-09 0-80, 1-47 197/228 1-27 0-96, 1-69

%E, percentage of total energy intake; ref. referent category.
*Vitamins and minerals were not included in the analyses due to the large number of individual nutrients that could increase the risk of chance findings.
tCut-off points were chosen to mirror the NNR levels as close as possible while retaining enough participants in each group. Higher cut-off points were chosen for physical activity due to a right-skewed distribution in the
study population. Low intake was chosen as reference for all components, since few participants were within recommended intakes for several components.
tMultivariate-adjusted OR and 95 % CI derived from unconditional logistic regression. Adjusted for age (in 5-year intervals), region (north/central), education (0-9 years; 10-12 years; =13 years), smoking status (never;
former; current), BMI (quartile distribution of controls), energy intake (quartile distribution of controls) and family history of PC (yes; no). No major differences between simple and multivariate models were observed.
§P for trend per 1-step increment across intake or activity categories.
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Table 4 Adherence to the Nordic Nutrition Recommendations (NNR) and prostate cancer (PC) risk, stratified by genetic and lifestyle

factors, in the Cancer of the Prostate in Sweden (CAPS) study

Adherence to the NNR*

Low Medium High
Cases/controls ORt 95% Cl Cases/controls ORt 95% Cl  Cases/controls ORt  95% Cl  Pieraction
Genetic risk scoret 0-51
=0-40 52/50 1-00 ref. 116/125 1-00 0-61, 1-62 52/58 1-04 0-59, 1-84
0-40-0-46 107/48 1-00 ref. 231/148 0-76 0-51,1-15 100/61 0-80 0-50, 1-30
>0-46 100/53 1-00 ref. 299/123 1-39 0-92, 2-08 124/37 1-91 1-15, 3-19
Family history of PC 0-70
No 232/173 1-00 ref. 588/461 0-99 0-78,1:25 263/184 1-14 0-86, 1-52
Yes 54/22 1-00 ref. 134/44 1-29 0-70, 2-39 60/18 1-49 0-71, 3-12
BMI (kg/m?) 0-56
<25 98/66 1-00 ref. 300/191 110 0-76, 1-60 133/77 1-19 0-77,1-83
25-<30 140/84 1-00 ref. 336/257 0-83 0-60, 1-15 155/104 1-02 0-69, 1-49
=30 48/45 1-00 ref. 86/57 1-37 0-69, 1-49 35/21 1-59 0-79, 3-18
Smoking 0-44
Never 89/54 1-00 ref. 290/202 0-94 063, 1-39 147/83 1-19 0-76, 1-86
Former 142/109 1-00 ref. 369/246 1-21 0-89, 1-65 156/104 1-30 0-90, 1-87
Current 55/32 1-00 ref. 63/57 0-69 0-38, 1-23 20/15 0-75 0-33,1-72
Use of dietary
supplements 0-89
No 155/115 1-00 ref. 342/265 1-01 0-74, 1-36 153/107 1-12 0-78, 1-61
Yes 126/76 1-00 ref. 356/220 1-02 0-72,1-43 165/88 1-26 0-84, 1-88

ref., referent category.

*Adherence to the NNR score, range 0-9 points: low, =6-7 points; medium, 6-7—7-6 points; high, >7-6 points.

tMultivariate-adjusted OR and 95 % CI for total PC derived from logistic regression models using interaction indicator variables. Adjusted for age (in 5-year
intervals), region (north; central), education (0-9 years; 10-12 years; =13 years), energy intake (quartile distribution of controls), BMI (quartile distribution of
controls), smoking (never; former; current) and family history of PC (yes; no). No major differences between simple and multivariate models were observed.

Results for advanced and localized PC were similar as for total PC.

tGenetic risk score (range 0—1) was categorized based on approximate tertiles among the controls: low risk, =0-40; medium risk, 0-40—0-46; high risk, >0-46.
The score was based on thirty-four SNP previously associated with PC risk and was calculated as the ratio of the number of risk alleles for each individual to

the total number of alleles successfully analysed in that individual.

The results on interaction with BMI, smoking and family
history of PC should be cautiously interpreted due to lack
of statistical significance. Regarding dietary supplement
use, a higher proportion of supplement users was recently
reported among PC cases compared with population
controls, particularly among men with a healthy dietary
pattern®”. However, no interaction with use of dietary
supplements was shown in our data.

Strengths of our study include the population-based
design, large sample size, complete and rapid case ascer-
tainment, and information on PC subtypes. The CAPS study
includes mainly non-PSA detected cases due to the low level
of PSA testing at the time of enrolment®®, resulting in cases
with clinically relevant disease. The study population is
ethnically homogeneous, which reduces the risk of con-
founding bias by population stratification. In addition, an
extensive questionnaire provided detailed exposure infor-
mation and the possibility to adjust for numerous demo-
graphic, anthropometric and lifestyle factors. No major
differences were observed between simple and multivariate
analyses.

The current findings should also be interpreted in light
of potential limitations. Case—control studies are limited
by possible selection bias due to cases being more prone
to participate than eligible controls. The study has a high
response rate; however, a number of participants were
excluded from the analyses due to missing data. Since the
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included and excluded participants differed in some base-
line characteristics and the proportion of controls was
higher among the latter, our results may potentially be
biased by selection of health-conscious controls. Further-
more, although the CAPS questionnaire has been validated,
we nevertheless cannot rule out potential measurement
error as FFQ commonly underestimate the intake of energy
and nutrients°". The reported energy intake differs little
between cases and controls, so any potential bias is likely to
have diluted our results. Besides, the use of energy-adjusted
nutrient intakes minimizes the influence of such measure-
ment error. Recall bias may occur, although a previous study
comparing original and repeated dietary recall interviews
found no overall difference in recall between PC cases and
non-cases”™. The likelihood that reverse causation may
have affected our results is small since studies show that
men, particularly those =60 years, tend not to change their
dietary habits, not even after a cancer diagnosis”*>>.
Another potential drawback is misclassification of
exposure due to the scoring method used, especially
since categorization was made in two steps. To minimize
such a potential effect we tested different scoring models,
all yielding similar results. Initially we used a categorical
1-3 scoring system, accrediting 3 points for intakes within
the NNR, 2 points for intakes <20% from the NNR and
1 point for intakes >20% from the NNR. We chose the
continuous 0—1 scoring system as it was considered less
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subject to misclassification due to arbitrary categoriza-
tions than the categorical system. Reducing or increasing
the number of adherence categories did not change the
results substantially. Since the NNR score is based on
externally defined cut-off values, the intake level in the
study population may for certain score components be
below or above the predefined cut-off point, resulting in
reduced discriminating power for those components. In
the CAPS population, adherence to the SFA, sugar and salt
recommendations was extremely low, whereas almost all
participants were within recommended intakes of pro-
tein, alcohol and several micronutrients. Moreover, strong
inter-correlations between components of a dietary
score may also influence the discriminative power of each
component and their relative contribution to the total
score. The correlations with the NNR score and the inter-
correlations between components were low to moderate,
so that no individual component was driving the score.
We also tested different ways of grouping the macro- and
micronutrients within the total score, and seeing no major
differences in the results, we decided to hold fat, protein
and carbohydrates separate, as well as vitamins and minerals,
each giving equal weight to the total score. Furthermore,
different NNR scoring models have previously been tested by
Fondell et al‘”, showing no substantial differences. In sum-
mary, we believe that any exposure misclassification due to
the scoring method may have influenced our results only
marginally.

We recognize the potential problem of over-controlling
for factors that may themselves contribute to the dietary
score, such as total energy intake. However, the NNR
score and its components did not correlate with energy
intake, and when modelling the main effect with and
without this variable, no substantial change in the esti-
mates occurred.

Conclusions

We found no support for an association between NNR
adherence and PC in the Swedish CAPS study. The
hypothesis of a potential gene—diet interaction in the
aetiology of PC is unclear and deserves further attention
in other study populations. We also encourage continued
evaluations of dietary recommendations, such as the
NNR, in relation to health status.
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