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   What ’ s known on the subject? and What does the study add?  
 Geographical and ethnic differences in the distribution of BPH and the results of 
migrant studies indicate that not only age, androgens and genetics, but also modifi able 
factors may play a role in the aetiology of BPH. Oxidative stress induced by chronic 
infl ammation could be a cause and antioxidants, including selenoproteins, may reduce 
the risk. The published data related to this topic are scarce and are mainly based on 
cross-sectional and case – control studies. 

 In a nested case – control study, we observed a signifi cant inverse association between 
serum selenium concentrations and the risk of BPH. These results need to be confi rmed 
in larger, prospective epidemiological studies. Prostate enlargement is an increasing 
health problem as a result of an ageing population in many countries. Modifi able 
factors may also play a role. In the present study, before this antioxidant can be 
recommended as a preventive measure. 

 OBJECTIVE 

     •     To determine whether geographical 
differences in the distribution of benign 
prostatic hyperplasia (BPH) and migrant 
studies indicate that modifi able factors 
play a role in the aetiology of BPH. 
Oxidative stress produced by chronic 
infl ammation could represent one of the 
causes, and antioxidants, including 
selenoproteins, may reduce the risk.   

 SUBJECTS AND METHODS 

     •     Conditional logistic regression was 
used to examine the associations of 
serum selenium and selenoprotein P 
concentrations and glutathione peroxidase 
activity with respect to the risk of BPH in a 
case – control study nested in the European 
Prospective Investigation into Cancer and 
Nutrition-Heidelberg cohort, including 111 
cases and 214 matched controls.  
    •     In addition, dietary glucosinolate intake 
and the serum glutathione  S -transferase  α  
concentration was investigated.   

 RESULTS 

     •     The risk of BPH signifi cantly decreased 
with an increasing serum selenium 
concentration; the risk estimate was 0.83 
(35% CI 0.69 – 0.99) per 10    μ g/L increase in 
serum selenium concentration.  
    •     However, no signifi cant association 
was present for serum selenoprotein P 
concentration or glutathione peroxidase 
activity. Risk estimates for BPH decreased 
with a higher intake of glucosinolates, 
although the results were not statistically 
signifi cant.   

 CONCLUSION 

     •     A low serum selenium concentration 
may increase the risk of BPH, although the 
fi ndings reported in the present study need 
to be confi rmed in larger, well-designed 
epidemiological studies.    
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   INTRODUCTION 

 BPH is a rapidly increasing health problem, 
particularly as a result of an ageing 
population in many countries   [ 1 ]  . 

Geographical and ethnic differences 
in the distribution of BPH   [ 2 ]   and 
the results of migrant studies   [ 3 ]   
indicate that not only age, androgens 
and genetics, but also modifi able factors 

may play a role in the aetiology of 
BPH. Obesity, diabetes mellitus, physical 
activity, alcohol intake and vegetable 
consumption, etc., are considered as 
potential risk and protective factors, 
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respectively, although the current literature 
is limited   [ 1,3 – 7 ]  . 

 Preliminary fi ndings suggest that 
aetiological and pathological links could 
exist between BPH and prostate cancer   [ 8 ]  . 
For example, infl ammation is emerging as a 
major contributor to the development of 
both BPH and prostate cancer   [ 8 ]  . In the 
European Prospective Investigation into 
Cancer and Nutrition (EPIC)-Heidelberg 
Study, we observed a decreased risk of 
prostate cancer (odds ratio  [ OR ] , 0.89; 95% 
CI, 0.79 – 1.01) per 10    μ g/L increase of serum 
selenium  [ Se ]  concentration)   [ 9 ]  . The risk 
of prostate cancer decreased signifi cantly 
over quartiles of total glucosinolate 
intake (multivariate hazard ratio  [ fourth 
vs fi rst quartile ] , 0.68; 95% CI, 0.48 – 0.97; 
 P  trend   =  0.03)   [ 10 ]  . Moreover, the 
glutathione  S -transferase  α  (GST- α ) 
serum concentration was signifi cantly 
inversely associated with glucosinolate 
intake, as well as with prostate cancer 
risk   [ 11 ]  . 

 Besides other reactions, chronic 
infl ammation promotes the production of 
various reactive oxygen species. Oxidative 
stress induces cell proliferation and 
apoptosis or necrosis, depending on the 
concentrations of reactive oxygen species 
and the cell type   [ 12 ]  . Normally, reactive 
oxygen species are neutralized by a complex 
system of multiple types of antioxidants (i.e. 
enzymatic and non-enzymatic antioxidants). 
Catalase, superoxide dismutase and 
glutathione peroxidase (GPx) are the main 
enzymatic antioxidants   [ 13,14 ]  . Se is a key 
component of GPx; it not only increases the 
activity and/or concentration of GPx, but 
also the concentration of selenoprotein P 
(SePP) and other selenoproteins   [ 9,15 – 18 ]  . 
Glucosinolates, which are mainly found in 
cruciferous vegetables, can be broken down 
to isothiocyanates and indoles. Different 
mechanisms, such as the induction of 
antioxidant and detoxifi cation genes and the 
inhibition of proinfl ammatory reactions, are 
proposed for these breakdown products 
  [ 19 – 21 ]  . GST- α , a phase II enzyme, is 
involved in the detoxifi cation of chemical 
carcinogens and in cell defence mechanisms 
against oxidative stress   [ 22 ]  . Published data 
related to the hypotheses that an adequate 
Se status, a high intake of glucosinolates 
and high GST- α  serum concentrations, 
respectively, may reduce the risk of BPH 
are scarce or missing   [ 4,13,23 – 25 ]  . 

 Thus, in a case – control study nested 
in a German prospective cohort study, 
the EPIC-Heidelberg cohort   [ 26 ]  , we 
examined the association between the 
risk of BPH and Se status (total serum Se 
and SePP concentrations, as well as serum 
GPx activity); in addition, glucosinolate 
intake and the serum GST- α  concentration 
were investigated in relation to the risk 
of BPH.  

  SUBJECTS AND METHODS 

  STUDY POPULATION 

 The study population consisted of men 
from the EPIC-Heidelberg cohort, which 
contributes to the European EPIC cohort. 
Study participants were recruited at random 
from the general population in Heidelberg, 
Germany, and the surrounding communities 
between 1994 and 1998. At recruitment, 
women were aged 35 – 65 years and men 
were aged 40 – 65 years. The fi nal cohort 
comprised 25   540 participants (i.e. 38% of 
those originally invited)   [ 26 ]  . 

 During the baseline examination, 
questionnaires and interviews were used 
to obtain information on diet, lifestyle, 
socioeconomic status and medical history. 
Anthropometric measures were taken in the 
study centre, where a 30-mL blood sample 
was drawn from 95.8% of study participants 
  [ 27 ]  . Blood samples were aliquoted into 
0.5-mL straws of serum, plasma, buffy coat 
and erythrocytes, respectively, and stored in 
liquid nitrogen at  − 196    ° C. 

 Active follow-up of the EPIC-Heidelberg 
participants is conducted to collect 
(amongst other factors) information on the 
occurrence of major chronic diseases. In 
the follow-up questionnaires, the study 
participants were asked to report the 
diagnosis of a benign tumour and surgeries. 
Reports of  ‘ prostate enlargement ’ ,  ‘ BPH ’  and 
 ‘ prostate adenoma ’ , as well as  ‘ TURP ’  and 
 ‘ prostate surgery ’ , were verifi ed by either 
pathology or medical records by a trained 
physician. Between September 1997 and 
September 2004, 182 participants had 
reported a diagnosis of BPH, of which 
111 were confi rmed as incident cases 
with available serum samples and 
without a diagnosis of cancer (except 
for non-melanoma skin cancer). For each 
case, two controls (eight case sets with only 

one control) were selected from subjects 
who had not reported BPH, who had no 
prevalent or incident cancer diagnosis 
(besides non-melanoma skin cancer), who 
did not report an increased PSA level in the 
third follow-up questionnaire, and who had 
a biological sample available. Cases and 
controls were matched by age ( ± 5 years) 
and the time of recruitment ( ± 0.5 years). 
The analytical dataset included 111 cases 
and 214 controls. 

 All participants provided their written 
informed consent, and the study was 
approved by the ethics committee of 
Heidelberg Medical School.  

  MEASUREMENT OF GPX ACTIVITY, AND 
SERUM SE, SERUM SEPP AND SERUM 
GST- α  CONCENTRATIONS 

 Serum GPx activity was determined with 
Ransel RS 505 kits (Randox, Crumlin, UK) 
based on the ultraviolet method of Paglia 
and Valentine   [ 28 ]  . The intra-assay 
coeffi cient of variation was 2.7%. The 
inter-assay coeffi cients of variation for the 
four measurement days were in the range 
1.3 – 2.4%. Total serum Se concentration was 
determined in triplicate by dynamic reaction 
cell-inductively coupled plasma fi eld mass 
spectrometry on an Elan 6100 DRC plus 
(SCIEX Perkin-Elmer, Beaconsfi eld, UK) as 
described by Sieniawska  et   al .   [ 29 ]  . The 
detection limit was set at 0.02    μ mol/L 
(1.58    μ g/L); the inter-assay coeffi cient of 
variation was in the range 3.0 – 6.2% and the 
intra-assay coeffi cient of variation was in 
the range 2.9 – 4.4%. The SePP concentration 
was measured by an immunoluminometric 
sandwich assay   [ 30 ]   with a luminometer 
(LB952T, Berthold, Bad Wildbach, Germany). 
Each sample was measured in triplicate, 
and the mean SePP concentration was 
calculated. As a result of a loss of 
antigenicity of the standard solutions 
during storage, a random sample of serums 
covering each of the different measurement 
days was re-analyzed with new standard 
solutions in a separate assay. Based on these 
measurements, the concentrations of all 
samples were calibrated. For quality checks, 
two control samples were measured in 
each assay, and intra-day and inter-assay 
coeffi cients of variation were  < 10% for 
SePP values  > 0.15   mg/L. The serum GST- α  
concentration (refl ecting GSTA1 and 
GSTA2 subunits) was determined by enzyme 
immunoassay with Biotrin HEPKIT ® -Alpha 
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range) and serum GST- α  concentration 
(geometric mean). 

 Conditional logistic regression was used to 
compute ORs and corresponding 95% CIs 
to examine the associations of biomarkers 
(i.e. serum concentrations of Se, SePP and 
GST- α  and GPx activity with the risk of 
BPH by tertiles of biomarker concentration). 
Tertiles were computed based on the 
distribution among controls. These analyses 
were stratifi ed by case set (i.e. taking 
into account matching factors) and were 
adjusted for smoking (never, former and 
current) and alcohol consumption (0 – 4.9, 
5 – 19.9, 20 – 59.9 and  ≥ 60   g/day). Because 
the serum GST- α  concentration showed a 
highly skewed distribution, analyses were 
performed using the log-transformed 
variable. We excluded participants with a 
GST- α  concentration outside the range 
covered by the internal standard (0.25 –
 200.00    μ g/l); if a case was excluded, the 
two corresponding controls (in the case set) 
were also omitted, leaving 303 participants 
of which 105 were cases. The analyses were 
further adjusted for alcohol consumption 
categories and smoking. Additionally taking 
into account energy-adjusted glucosinolate 
intake, body mass index, family history of 
prostate cancer and education did not alter 
the results and was not considered in the 
fi nal model. 

 Conditional logistic regression was also used 
to examine the association of glucosinolate 
intake with the risk of BPH. Glucosinolate 
intake was adjusted for energy intake using 
the residual method   [ 34 ]  . These analyses 
were further adjusted for the intake of fat, 
protein and vegetables (all continuous). 

 Analyses were performed using SAS, version 
9.1 (SAS Institute, Cary, NC, USA).   

  RESULTS 

 The baseline characteristics of the 
participants in this nested case – control 
study are summarized in  Table   1 . Cases with 
BPH and controls did not differ by age at 
recruitment and the time of recruitment 
(matching factors). Cases had a greater 
probability than controls of having a 
family history of prostate cancer, having 
participated in PSA screening, having a 
university degree, and drinking  ≥ 20   g of 
alcohol per day, although they had a lower 

     TABLE   1   Baseline characteristics of cases and controls in the European Prospective Investigation into 
Cancer and Nutrition-Heidelberg nested case – control study (  N   =  325)   

Characteristic Controls ( n   =  214) Cases ( n   =  111)
Age at recruitment (years), mean ( SD ) 56.3 (5.6) 56.6 (5.7)
BMI (kg/m 2 ), mean ( SD ) 27.1 (3.3) 27.3 (3.4)
Waist circumference (cm), mean ( SD ) 96.8 (9.0) 98.9 (10.8)
Serum selenium ( μ g/L), mean ( SD ) 88.8 (14.5) 85.8 (12.3)
Serum SePP (mg/L), mean ( SD ) 2.88 (0.78) 2.88 (0.79)
GPX activity (U/L), mean ( SD ) 676.9 (108.7) 693.81 (117.2)
Serum GST- α  concentration (ug/L), median (IQR)  *  2.6 (2.3 – 3.0) 2.4 (2.0 – 2.9)
Smoking status,  n  (%)
   Never 56 (26.2) 35 (31.5)
   Former 104 (48.6) 61 (55.0)
   Current 54 (25.2) 15 (13.5)
Education, university degree,  n  (%) 70 (32.7) 49 (44.1)
Participation in PSA screening,  n  (%) 121 (56.5) 100 (90.1)
Family history of prostate cancer,  n  (%) 8 (3.7) 7 (6.3)
Cambridge physical activity score,  n  (%)
   Inactive 16 (7.5) 17 (15.3)
   Moderately inactive 83 (38.8) 32 (28.8)
   Moderately active 61 (28.5) 32 (28.8)
   Active 54 (25.2) 30 (27.0)
Alcohol consumption (g/day),  n  (%)
   0 – 4.9 51 (23.8) 24 (21.6)
   5 – 19.9 67 (31.3) 31 (27.9)
   20 – 59.9 76 (35.5) 44 (39.6)
    ≥ 60 20 (9.4) 12 (10.8)
Total glucosinolate intake (mg/day), median (IQR) 7.5 (5.1 – 11.6) 7.5 (5.2 – 12.6)
Energy-adjusted GLS intake (mg/day), median (IQR) 7.7 (5.0 – 11.5) 7.4 (5.1 – 12.1)
Energy intake (kJ/day), median (IQR) 8   485 (6   769 – 10   245) 9   017 (7   356 – 11   098)

      *  Geometric mean and corresponding 95% CI; participants with GST- α  concentrations outside the 
range covered by the internal standard (0.25 – 200.00    μ g/L) were excluded, resulting in 105 cases and 
198 controls.   
  BMI, body mass index; GLS, glucosinolates; GPX, glutathione peroxidase; GST- α : glutathione 
 S -transferase  α ; IQR, interquartile range; SePP, selenoprotein P.      

(Biotrin, Dublin, Ireland) in accordance with 
the manufacturer ’ s instructions. Intra-day 
and inter-day coeffi cients of variation were 
4.9% and 5.8%, respectively.  

  DIETARY AND LIFESTYLE DATA, AND INTAKE 
OF GLUCOSINOLATES 

 Habitual diet during the previous year was 
assessed at baseline by validated self-
administered semi-quantitative food 
frequency questionnaires   [ 31,32 ]  . 
Participants fi lled in portion size and 
consumption frequency of 145 food items 
and the mean daily food consumption for 
each participant was calculated. The nutrient 
intake for each participant was computed 
by linking food consumption data to the 

German Food Code and Nutrient Data Base 
(BLS II.3), as well as a database on the 
glucosinolate content of food established 
to assess glucosinolate intake in the 
EPIC-Heidelberg cohort. This database 
covered 26 individual glucosinolates in 
18 different vegetables and condiments 
  [ 33 ]  . Information on lifestyle and 
sociodemographic characteristics was 
assessed at study entry by questionnaires 
and personal interview.  

  STATISTICAL ANALYSIS 

 Baseline characteristics of the study 
population are given as percentages by 
case – control status or the mean ( SD ), except 
for dietary data (median and interquartile 
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probability of being current smokers. There 
were no differences in mean body mass 
index. Median intake of total energy, fat, 
protein and vegetables was somewhat 
higher in cases than in controls. 

 The results with respect to an association 
between serum Se and SePP concentrations 
and GPx activity and the risk of BPH are 
shown in  Table   2 . In the fully adjusted 
model, the risk of BPH decreased statistically 
signifi cantly with an increasing serum 
concentration of Se. The OR (95% CI) was 
0.83 (0.69 – 0.99) per 10    μ g/L increase in 
serum Se concentration. 

 No statistically signifi cant associations were 
present for the serum concentration of SePP 
and serum activity of GPx; in addition, 
the serum GST- α  concentration was not 
associated with the risk of BPH ( Table   2 ). 

  Table   3  provides data on the association of 
dietary glucosinolate intake with the risk of 
BPH. Even though the risk decreased with 
an increasing intake of glucosinolates, the 
associations were not statistically signifi cant 
in the multivariate model (OR, 0.62; 95% CI, 
0.31 – 1.24; top vs bottom tertile;  P  trend   =  
0.19). The results obtained for subgroups 
of glucosinolate intake (i.e. aliphatic 
glucosinolates and indoles) (data not shown) 
were not different.  

  DISCUSSION 

 Although the sample size is limited, the 
present study is one of the few smaller 
studies testing the hypotheses that Se 
status, dietary glucosinolate intake and 
serum GST- α  activity are inversely 
associated with the risk of BPH. We 
observed a statistically signifi cantly 
inverse association between serum Se 
concentration and the risk of BPH, whereas 
other Se markers were not associated with 
the risk of disease. The risk of BPH also 
decreased with increasing glucosinolate 
intake, although the results were not 
statistically signifi cant. 

 The few existing reports on these topics 
comprise cross-sectional   [ 24 ]   and case –
 control   [ 13,23,25,35 ]   studies, and only one 
other study   [ 4 ]   has examined the risk of 
BPH prospectively. In addition, studies 
have used different defi nitions of BPH, 
such as histological verifi cation, prostate 

     TABLE   2   Association of serum selenium, selenoprotein P (SePP), glutathione peroxidase (GPX) and 
glutathione  S -transferase  α  (GST- α  concentration (in tertiles) with BPH in the European Prospective 
Investigation into Cancer and Nutrition-Heidelberg nested case – control study ( N   =  325)   

Variable Cases Controls
Model 1  *  Model 2  †  
OR (95% CI) OR (95% CI)

Serum selenium ( μ g/L)
    < 82.9 49 71 1.00 1.00
   82.9 – 94.0 30 74 0.58 (0.33 – 1.02) 0.54 (0.30 – 0.96)
    > 94.0 32 69 0.66 (0.38 – 1.16) 0.60 (0.34 – 1.07)
   Continuous (per 10    μ g/L) 0.85 (0.71 – 1.01) 0.83 (0.69 – 0.99)

 P  trend   =  0.07  P  trend   =  0.04
Serum SePP (mg/L)
    < 2.58 29 72 1.00 1.00
   2.58 – 3.14 44 70 1.61 (0.89 – 2.90) 1.56 (0.86 – 2.84)
    > 3.14 38 72 1.37 (0.75 – 2.53) 1.33 (0.71 – 2.50)
   Continuous 1.01 (0.74 – 1.39) 1.00 (0.72 – 1.39)

 P  trend   =  0.95  P  trend   =  0.99
GPX activity (U/L)
    < 625.5 33 71 1.00 1.00
   625.5 – 710.1 32 71 1.00 (0.57 – 1.75) 1.08 (0.61 – 1.90)
    > 710.1 46 72 1.38 (0.79 – 2.40) 1.43 (0.81 – 2.51)
   Continuous (per 100   U/L) 1.15 (0.93 – 1.41) 1.14 (0.93 – 1.41)

 P  trend   =  0.20  P  trend   =  0.21
GST- α  concentration  *  
    < 1.64 35 66 1.00 1.00
   1.64 – 3.73 43 67 1.19 (0.68 – 2.11) 1.08 (0.60 – 1.93)
    > 3.73 27 65 0.78 (0.42 – 1.46) 0.72 (0.38 – 1.39)
   Continuous  ‡  0.92 (0.73 – 1.16) 0.91 (0.72 – 1.16)

 P  trend   =  0.49  P  trend   =  0.44

      *  Model 1: taking into account matching factors.         †  Model 2: additionally adjusted for smoking and 
alcohol consumption categories.         ‡   P  trend  computed using a log-transformed variable.   
  OR, odds ratio.      

     TABLE   3   Association of glucosinolate (GLS) intake (in tertiles) with BPH in the European Prospective 
Investigation into Cancer and Nutrition-Heidelberg nested case – control study ( N   =  325)   

Cases Controls
Model 1  *  Model 2  †  
OR (95% CI) OR (95% CI)

Energy-adjusted GLS intake (mg/day)
    < 6.18 42 71 1.00 1.00
   6.18 – 9.86 33 70 0.82 (0.47 – 1.43) 0.74 (0.42 – 1.32)
    > 9.86 36 73 0.83 (0.47 – 1.48) 0.62 (0.31 – 1.24)
Continuous (per 10   mg/day) 0.85 0.28
    P  trend 0.59 0.19

      *  Model 1: taking into account matching factors.         †  Model 2: additionally adjusted for intake of fat, 
protein and vegetables.   
  OR, odds ratio.      

enlargement confi rmed by X-ray, weak 
urine stream, history of non-cancer surgical 
treatment of the prostate, enlargement 
reported by patients, and medical diagnosis 

  [ 36 ]  . The case defi nition employed in the 
present study is based on self-reports of 
BPH diagnosis and BPH surgery, as validated 
by pathology and medical records. 
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 It is unclear how Se may protect against 
BPH, although Se may induce apoptosis and 
inhibit cell growth   [ 37 ]  . Zacchara  et   al .   [ 25 ]   
studied Se concentrations in the whole 
blood, plasma and prostate of 32 prostate 
cancer cases, 40 patients with BPH, and in 
a control group of 39 healthy subjects in 
Poland. They found that Se concentrations 
in the whole blood and plasma in both 
groups of patients were statistically 
signifi cantly lower than in the control group. 
Mean ( SD ) plasma Se concentrations were 
66.1 (14.4)   ng/mL in patients and 73.9 
(13.0)   ng/mL in controls. More recently, 
Muecke  et   al .   [ 13 ]   compared whole blood 
Se concentrations in prostate cancer cases 
( n   =  24), patients with BPH ( n   =  21) and in 
healthy men ( n   =  21) living in northern 
Bavaria (Germany) with the recommended 
Se concentration (85 – 162    μ g/L). Whole 
blood Se concentrations were signifi cantly 
lower in patients with prostate cancer than 
in healthy men; for BPH patients, however, 
no difference could be detected. All study 
participants had signifi cantly lower 
whole blood Se concentrations than the 
recommended concentrations. Based on 
cross-sectional data from the US Third 
National Health and Nutrition Examination 
Survey, Rohrmann  et   al .   [ 24 ]   reported 
signifi cantly lower serum Se concentrations 
in older men with LUTS than in controls 
without symptoms of LUTS who never had 
non-cancer prostate surgery. LUTS is often 
caused by enlargement or obstruction 
secondary to BPH. In addition, men in the 
lowest quintile of serum Se had a twofold 
greater probability of reporting LUTS 
compared to men in the second quintile 
(OR, 0.46; 95% CI, 0.23 – 0.89). Rohrmann 
 et   al .   [ 24 ]   found decreased risks of LUTS in 
each of the upper four quintiles of serum 
Se compared to men in the lowest quintile, 
although there was no decreasing trend. 
Thus, low serum Se appears to be a risk 
factor for LUTS, although increasing 
concentrations above a threshold did 
not result in further risk reduction. Kristal 
 et   al .   [ 4 ]   assessed the effect of dietary 
factors on the incidence of BPH in 4770 
participants of the placebo-arm of the 
Prostate Cancer Prevention Trial (1994 –
 2003) who had not reported a diagnosis 
of BPH at baseline for a prospective study. 
No effect of dietary supplement use of 
Se (i.e. no intervention) on BPH was 
observed in these US men. Comparing 
individuals with a Se intake  > 30    μ g from 
supplements with individuals consuming 

 < 10    μ g daily showed an OR of 1.01 (95% CI, 
0.83 – 1.25). 

 In the present study, there was no 
association of serum GPx activity with the 
risk of BPH. The study by Zachara  et   al .   [ 25 ]   
not only found a lower Se concentration in 
the whole blood and plasma in BPH patients 
compared to healthy controls, but also a 
signifi cantly lower activity of erythrocyte 
GPx, as well as non-signifi cantly lower 
plasma GPx activity. In a Turkish study 
including 26 BPH cases, Aydin  et   al .   [ 35 ]   
observed a non-signifi cantly lower activity 
of erythrocyte GPx compared to 24 
age-matched healthy controls. The present 
study did not establish a statistically 
signifi cant association between SePP serum 
concentrations and the risk of BPH. To the 
best of our knowledge, no other studies 
have evaluated this association. 

 The establishment of an association of Se 
and the selenoproteins GPx and SePP with 
the risk of BPH may be complicated by the 
complex regulatory mechanisms of Se status 
  [ 15 ]  . Selenoprotein concentrations are a 
function of Se intake only within a specifi c 
range of dietary Se intake. The lack of an 
effect of additional dietary Se on plasma 
selenoprotein concentrations may indicate 
that the Se requirement for selenoprotein 
synthesis has been met   [ 38 ]  . Optimization of 
plasma SePP requires the intake of more Se 
than does the optimization of GPx activity. 
When optimized at the plateau point, 
human plasma SePP contains  ∼ 0.81    μ mol/L 
and GPx contains  ∼ 0.20    μ mol/L of Se   [ 39 ]   
(i.e. together,  ∼ 0.8 – 1.1    μ mol/L  [ 7 – 9    μ g/dL ] ) 
  [ 40 ]  . When the plasma Se concentration is 
 > 90    μ g/L, selenoproteins are considered to 
be optimized   [ 41 ]  . 

 In populations with high Se intake, such as 
in the USA, most individuals reach plasma 
Se concentrations above these critical levels. 
By contrast, in Europe, where the intake is 
generally lower than in the USA   [ 13,42 ]  , as a 
result of the lower Se content of the soil 
  [ 40 ]  , the two selenoprotein biomarkers GPx 
and SePP may not yet reach plateau levels. 
This may explain some   [ 4,13,25,36 ]  , although 
not all   [ 24 ]  , of the results described above. 
In the present study, inverse associations 
would be expected between GPx and SePP 
and BPH because these two selenoproteins 
may not yet have plateaued. No generally 
agreed normal values for GPx activity and 
SePP concentrations are yet established. 

Potentially, the associations between GPx 
activity and SePP concentration, respectively, 
and the risk of BPH may be modulated by 
genetic variation in selenoproteins. As 
previously observed in the EPIC-Heidelberg 
cohort   [ 9 ]  , carriers of the A allele (GA and 
AA) in rs7579 of the gene for SePP1 had 
higher serum concentrations of SePP 
compared to homozygous GG individuals. 
There was also an overall decreased activity 
of serum GPx3 ( P   =  0.05) among carriers of 
the rare homozygote alleles in rs5859 and 
rs540049 of the gene for SEP15. 

 In the present study, we found a decreased 
(not signifi cant) risk of BPH with higher 
glucosinolate intake. No published data from 
other epidemiological studies related to 
this topic have been published so far. 
However, two studies   [ 4,23 ]   have evaluated 
the association between BPH and the 
consumption of cruciferous vegetables. 
Because glucosinolates are found almost 
exclusively in cruciferous vegetables, their 
intake may be used as a proxy for 
glucosinolate intake   [ 10 ]  . In the study by 
Kristal  et   al .   [ 4 ]  , the intake of at least four 
servings per week compared to less than 
one resulted in an OR of 0.88 (95% CI, 
0.66 – 1.16). Similarly, the Australian 
case – control study by Ambrosini  et   al .   [ 23 ]  , 
comparing the highest quartile of intake 
with the lowest one, showed an OR of 0.76 
(95% CI, 0.52 – 1.13) for the risk of BPH. 
Thus, the result with respect to glucosinolate 
intake and the risk of BPH obtained in the 
present study is in good agreement with the 
published data on cruciferous vegetables 
and BPH. 

 In an intervention study, a diet rich in 
cruciferous vegetables increased the serum 
concentration of GST- α    [ 6 ]  . The present 
study did not establish an association 
between serum concentration of GST- α  and 
BPH. No association between glucosinolate 
intake and the serum GST- α  concentration 
was observed (data not shown). 

 A strength of the present nested case –
 control study is its prospective design, with 
cases being diagnosed during the follow-up 
of the cohort. Self-reported cases that 
were diagnosed before recruitment into 
the present study were excluded from 
the analysis. The extensive data collection 
at recruitment allowed the study of 
associations between intake or serum 
concentrations of dietary factors and the 
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risk of BPH, which have not been studied so 
far, as well as the adjustment of potential 
confounding factors. However, the sample 
size of 111 cases in the present study was 
quite limited. Study power was improved 
by matching two controls per case and 
performing analyses stratifi ed by case set. 
Nevertheless, there may have been 
insuffi cient power to detect some 
associations with small effects. In addition, 
the presence of BPH in the control group 
was not excluded by means of a clinical 
investigation. Such a misclassifi cation would 
attenuate the odds ratios. The possibility of 
incomplete and selective follow-up of BPH 
cases exists; thus, cases and controls could 
have been selected from subcohorts with 
different background characteristics. Finally, 
cases with BPH may have had symptoms for 
some time before diagnosis and could have 
changed diet and other lifestyle factors. 

 In conclusion, we observed a signifi cant 
inverse association between serum Se 
concentrations and the risk of BPH and 
there are plausible mechanisms regarding 
how a balanced Se status could reduce the 
risk of BPH. However, the fi ndings of the 
present study have to be confi rmed in 
well-designed epidemiological studies with 
clear study endpoints carried out in a 
population with marginal Se defi ciencies.   
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