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Whole-grain rye intake has been suggested to have anti-cancer effect, including changes in se-
rum hormones and reduced prostate specific antigen (PSA) in animals and humans. In this study,
we investigated the effect of high intake of whole-grain rye bread on prostate cancer progression
as assessed by PSA concentration in men diagnosed with prostate cancer. Fifteen men with
prostate cancer who did not receive prior therapy were randomised and given a daily supplement
of 250 g refined wheat bread for two weeks and, afterwards, 250 g whole-grain rye bread for six
weeks. Blood samples were taken from fasting men at baseline and after two and six weeks to
measure the PSA and sex hormones. The dietary intake was: energy intake 3452 kcal; protein in-
lake 166 g, carbohydrate intake 334 g, fat 149 g, saturated fat intake 52 g, and fibre intake 40 g.
Plasma total PSA, free PSE, testosterone concentrations and free androgen index tended to be
higher after refined white bread treatment and lower after whole-grain rye treatment. However,
none of the differences were statistically significant. There were no significant changes in sex hor-
mone binding globulin, luteinising hormone, and follicle stimulating hormone. In this intervention
trial, whole-grain rye consumption did not result in significant changes in PSA and sex hormones,
which may be related to high fat intake. Further prospective trials are indicated to evaluate the po-

tential of whole-grain rye bread, taking into account other factors.
Key words: rye bread, prostate cancer, PSA, sex hormones.

Prostate cancer is the second most common cancer among
men worldwide and the most common cancer in Latvia
(Ferlay et al., 2008). Diet is suggested to play a role in both
the incidence and progression of prostate cancer (Syed et
al., 2007). One of possible protective diet factors is rye
bread. Rye bran has been suggested to have anti-cancer ef-
fects. Rye bread is a rich source of bioactive compounds,
including insoluble and soluble fibre, lignans, alkyl-
resorcinols, vitamins, such as thiamine, riboflavin, vitamin
E, folate and minerals — iron, zinc, magnesium, and man-
ganese (Adlercreutz, 2010). One of the most potent protec-
tive substances are lignans which are a class of phyto-
estrogens and predominant phytoestrogens in the diet in
Western countries (Zamora-Ros et al., 2012). Lignans are
diphenolic plant compounds, which are converted by the in-
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testinal microflora to bioactive compounds that can have
both estrogenic and antiestrogenic effects (Adlercreutz,
2007). Lignans have been implicated in prostate cancer pre-
vention and in delay of progression of prostate cancer,
which is sex-hormone dependent. Possible protective mech-
anisms are effects on synthesis and metabolism of sex hor-
mones, as well as on proliferation, apoptosis, angiogenesis
and antioxidative activity (Adlercreutz, 2002). Lignans are
found in very high concentrations in flaxseed, as well as in
many other foods: vegetables, berries and fruits and in
whole grain cereals, especially rye (Milder et al, 2005),
which is the most important source of dietary fibre and
lignans in Northern European countries like Sweden and
Finland (Hedelin et al., 2006; Nurmi et al., 2010) and prob-
ably Latvia (Meija et al., 2012). There is some evidence to
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Tablel
PARTICIPANT BASELINE CHARACTERISTICS

Characteristics Mean + SD
Age (year) 66.3 +4.6
Weight (kg) 80.6+12.6
Height (m) 173.3+£8.5
Body mass index (kg/m?) 26.7+3.1
PSA (ug/L) 84+54
Free PSA (ng/L) 1.1+£0.7
Gleason grade 4-+8
Testosterone (ng/ml) 37+13
SHBG (nmol/L) 459+21.9
LH (IU/L) 48+1.5
FSH (IU/L) 78435

SHBG: sex hormone binding globuline; LH: luteinising hormone; FSH:
follicle stimulating hormone
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Fig. 1. PSA serum concentration during intervetion with bread (0 — base-
line, 2-week treatment with refined wheat bread, 6-week treatment with
whole grain rye bread).

suggest that rye bread may act against prostate cancer. Epi-
demiological studies on cereal fiber have shown inconclu-
sive results (Anonymous, 2007; Park ef al., 2011). Animal
studies with prostate tumour implants have shown reduction
of PSA concentration, tumour volumes and slower tumour
growth after rye bran treatment (Landstrom et al., 1998;
Bylund et al., 2000). A small human intervention study in
men with prostate cancer showed that a diet rich in rye
bread resulted in higher apoptosis in prostate tumours after
three weeks (Bylund et al., 2003). Another intervention
study in prostate cancer patients found that whole grain and
bran from rye resulted in significantly lower plasma PSA
(prostate specific antigen), compared with refined wheat
bread, which could be explained by decreased exposure to
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insulin, as indicated by lower plasma insulin and urinary
C-peptide (Landberg et al., 2010).

In this intervention study, we investigated the intermediate
term effects of whole grain rye bread on prostate cancer
progression assessed by concentration of tumour-associated
biomarker PSA and free PSA in men with early stage pros-
tate cancer. We also investigated serum concentrations of
sex hormones as factors that may be involved in the mecha-
nisms mediating growth-inhibitory effects on prostate can-
cer.

Participants and study design. Fifteen men with new di-
agnosis of prostate cancer were recruited for this study. The
men were identified at the Outpatient Department of Riga
Eastern Clinical University Hospital. The study was con-
ducted on an out-patient basis. Patients were studied in the
time period before surgical treatment. Inclusion criteria
were histologically verified prostate cancer, local stage
T2-T3, serum PSA: 1.9-22.7 ug/L, and age between 57 and
71 years. Exclusion criteria were vegetarian diet, gastroin-
testinal diseases, and lifestyle changes made by patients. All
data were collected between November 2011 and May
2012. The study was approved by Research Ethics Commit-
tee of Pauls Stradin$ Clinical University Hospital. All par-
ticipants signed an informed consent. Each participant com-
pleted a general questionnaire concerning lifestyle factors,
past and current morbidity.

Patients were prescribed a two-week washout period with
wheat bread followed by six-week intervention period with
rye bread. Treatment effects were evaluated after two and
six weeks.

Diet and bread rations. Participants were instructed by the
dietician to keep their habitual diet except for bread, which
was replaced by intervention foods: refined wheat bread
250 g for two weeks and 250 g whole-grain rye bread for
the next six weeks. The rye bread was designed specifically
for the purpose of the present study. The wheat bread sup-
plement consisted of 12 slices of soft bread (250 g) with
content of 605 kcal, 20.3 g protein, 4.3 g fat, 121.5 g carbo-
hydrate and 5.4 g fibre. Whole-grain rye bread consisted of
5 slices of soft bread (250 g) with an energy content 537.5 g
kcal, 16 g protein, 1.3 g fat, 115.8 g carbohydrates and 23.3
g fibre. The participants were contacted by phone weekly
by the dietician to ensure compliance. All men completed
the study.

Usual food consumption, referring to the preceding year,
was assessed by trained dieticians using a 147-item, coun-
try-specific food frequency questionnaire (FFQ). For por-
tion size assessment, the FFQ was used together with a col-
our photographs folder with different portion sizes of 144
food items. Nutrient and energy intake were calculated us-
ing originally developed software, which contained the Ger-
man Nutrient Data Base (Bundesinstitut fir gesundheit-
lichen Verbraucherschiitz und Veterindrmedizin, Berlin,
Germany).
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Blood collection and laboratory assays. Fasting blood
samples were collected in the morning at baseline and after
two and six weeks of treatment. Blood drawn from antecu-
bital vein was collected in EDTA-coated vacuum tubes.
PSA were analysed by the Chemiluminescent Microparticle
Immunoassay (CMIA), Architect,Abbott. Testosterone, sex
hormone-binding globulin (SHBG), luteinising hormone
(LH) and follicle stimulating hormone (FSH) were quanti-
fied in serum with solid-phase, two site Chemiluminescent
Immunometric assay, Immulite 2000, Siemens.

Statistics. The baseline characteristics of the participants
are presented as means + standard deviation. Repeated
measurement analysis and paired t-test were used to com-
pare PSA concentration between the treatment periods and
baseline. Tests were two-sided and P < 0.05 was considered
significant. Statistical analyses were carried out with SPSS
statistical software (version 20.0).

Baseline characteristics for men in the study group are pre-
sented in Table 1. Most patients were overweight. Overall,
participants complied well with consuming the advised
bread; only one participant did not fully reach the advised
amount for bread and consumed 200 g rye bread. None of
the participants reported any adverse effects during the ex-
perimental period.

Analysis of food frequency questionnaires showed that the
mean energy intake was 3451.6 kcal, mean intake of fat
149.3 £ 60.9 g, saturated fat 51.6 + 23.5 g, protein 166.4 £+
65.5 g, carbohydrate 333.7 + 147.7 g, and fibre 40 g. When
expressed as a percent of total energy intake, mean intake of
fat, saturated fat, protein and carbohydrates was 40.0%,
13.5%, 20.3% and 39.7%. The plasma total PSA, free PSA
and testosterone tended to be higher after two-week treat-
ment with refined wheat bread and lower after six-week
treatment with whole grain rye bread. However, the differ-
ences were not statistically significant. Figure 1 shows PSA
serum concentration changes after white wheat bread and
rye bread consumption. There were no significant changes
in sex hormone binding globuline, lutenising hormone and
follicle stimulating hormone serum concentrations.

In this study, we found that PSA and free PSA concentra-
tions tended to be higher after two weeks of wheat bread
consumption and lower after six weeks of rye bread con-
sumption. Although these changes are without statistical
significance, this might indicate a possible rye bread effect
on prostate cancer progression, considering that PSA is a
possible biomarker for prostate cancer activity (Sandblom et
al., 2002). This finding is supported by results from animal
models where rye bran treatment was shown to reduce
plasma PSA concentration in mice with LNCaP tumour im-
plants within three and six weeks (Bylund et al., 2000).
Also, in one human study, six-week intervention with whole
grain and bran from rye caused a 14% reduction in total
PSA concentration compared with that after a refined wheat
diet. However, another human study did not find changes in
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PSA concentration after high intake of rye bran bread (By-
lund et al., 2003). Possible mechanisms of PSA reduction
may be related to fibre fermentation processes in the gut.
Rye bread contains considerable amounts of soluble fibre,
which are fermented to short chain fatty acids (SCFA), such
as butyrate, propionate and acetate (Bach Knudsen et al.,
2005). SCFA possesses anti-cancer activity (Beyer-
Sehlmeyer et al., 2003) and also activates hepatic AMP-
activated protein kinase, which lowers insulin secretion, and
in this way influences prostate cancer progression (Lanberg
et al., 2010). In addition, rye bread is a rich source of plant
lignans, which have been suggested to prevent prostate can-
cer progression through different mechanisms, including af-
fecting sex hormone metabolism. We found non-significant
decrease of testosterone serum concentration, but no essen-
tial changes were seen in serum levels of SHBG, LH and
FSH. The possible explanation why rye bread consumption
did not result in significant changes in PSA and sex hor-
mone concentrations is high fat intake. Dietary fat influ-
ences metabolism of plant lignans metabolites: enterolig-
nans. High fat intake reduces enterolaclone formation in the
gut and therefore reduces the protective effects of plant lig-
nans, including on PSA and sex hormones (Adlercreutz,
2010).

The strength of our study was careful selection and monitor-
ing of participants. We recognised some weaknesses of our
study. The study group was small, and this had implications
on the statistical power. Furthermore, only men with diag-
nosed prostate cancer were included, and whole-grain rye
bread influence on PSA and sex hormone should be tested
in control group men.

In conclusion, our study suggested that whole-grain rye
bread might have beneficial effects on the progression of
early prostate cancer. Further studies of longer duration and
with a larger number of participants are needed to confirm
these results.
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PILNGRAUDU RUDZU MAIZE UN PRIEKSDZIEDZERA VEZA PROGRESIJA

Petijumi rada, ka rudzu maizei iesp&jami pretvéza efekti, iedarbojoties uz dzimumhormoniem un mazinot prostatas specifisko antigénu
(PSA). Més pétijam rudzu maizes ietekmi uz priekSdziedzera véZa progresiju, izvertgjot izmainas PSA koncentracija. Piecpadsmit virieSi ar
diagnosticétu priekSdziedzera vézi, kas nebija sanémusi citu terapiju, divas nedélas lietoja 250 g rafinéto miltu baltmaizi, péc tam seSas
nedelas 250 g pilngraudu rudzu maizi. Tika noteikts PSA un dzimumhormoni pétijuma sakuma, péc divam un seSam nedélam. Vidgjie dati:
uznemtas energijas daudzums — 3451 kcal; uznemto uzturvielu daudzums diena — 166 olbaltumvielu, 334 g oglhidratu. 149 g tauku, 52 g
piesatinato tauku, 40 g Skiedrvielu. PSA un testosterona koncentracija plazma atrasta augstaka péc baltmaizes lietoSanas un zemaka péc
rudzu maizes lietoSanas, bet izmainas nebija statistiski nozimigas. Sekshormona saisto$a globulina, lutiniz&josa hormona un folikulu
stimul&jo$a hormona koncentrdcija bitiski nemainijas. Saja intervences pétijuma rudzu maizes lietoSana batiski nemazinaja PSA
koncentraciju, ko, iesp&jams, var skaidrot ar lielo tauku daudzumu uztura. Lai izveért€tu rudzu maizes potencialos pretvéza efektus,
nepiecieSami turpmaki prospektivi petijumi, pemot véra citus uztura un hormonalos faktorus.
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