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ABSTRACT 

Benign prostatic hyperplasia (BPH) is the pathological cellular progression of glandular proliferation associated with 
aging. Current available treatment options for BPH have limitations and various adverse effects. Equol is a polypheno- 
lic/isoflavonoid molecule derived from intestinal metabolism, dairy and dietary plant sources. It has the unique charac- 
teristic to bind specifically 5α-dihydrotestosterone (5α-DHT) by sequestering 5α-DHT from the androgen receptor, thus 
decreasing androgen hormone actions to improve prostate health by acting as a selective androgen modulator (SAM). It 
also has affinity for estrogen related receptor gamma (ERR-γ) and estrogen receptor beta (ER-β) within the prostate that 
is known to improve male health via selective estrogen receptor modulatory (SERM) activities to decrease inflamma- 
tion, cellular proliferation and carcinogenesis. We investigated the possible clinical efficacy of equol on the symptoms 
associated with benign prostatic hyperplasia (BPH) in this study. Materials and Methods: We performed a pilot inter- 
vention study evaluating the effects of low dose oral equol supplement (6 mg, twice a day with meals) for 4 weeks in a 
total of 18 men (49 - 60 years old) with moderate or severe BPH. Subjects included in the study: gave informed consent, 
underwent a physical examination and verified their BPH symptoms as measured by the International Prostate Symp- 
tom Scores (IPSS) and then were assigned to the moderate or severe BPH groups based upon their total IPSS index. All 
adverse events were reported. The primary efficacy measure was the IPSS parameters comparing baseline to 2 and 4 
week IPSS indices. Blood samples were collected at the baseline and 4th week visits that served as secondary efficacy 
parameters that included testosterone, 5α-DHT and general blood chemistries along with cardiac and hepatic function 
panels. Results: Low dose equol positively improved moderate to severe BPH symptoms according to the IPSS indices. 
In moderately symptomatic men (n = 10) 5 out of 7 of the IPSS parameters significantly improved by 4 weeks of equol 
treatment. In severely symptomatic men (n = 8) all 7 of the IPSS parameters significantly improved with 4 weeks of 
equol treatment. There were no significant changes in androgen levels, general blood chemistries or cardiac and hepatic 
function parameters. Although, 5α-DHT levels declined by 21% in severely symptomatic men (from baseline vs 4 week 
values). Conclusion: These findings suggest that equol may provide a well tolerated and rapid beneficial therapy for 
BPH that can be used alone or in combination with current pharmaceutical therapies. The beneficial clinical efficacy of 
equol observed in this study may be due to the multiple positive biological actions that are not present in current phar- 
maceutical treatments. 
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1. Introduction 
Benign prostatic hyperplasia (BPH) is the pathological 
progression of epithelial and stromal proliferation in the 
prostate gland and the most common benign neoplasm in 
American men [1]. Prostatic histological changes begin 
in the third to fourth decade of life and clinically in the 
fifth decade of life [1]. These changes are mediated pri- 
marily by 5α-dihydrotestosterone (5α-DHT) levels within 
the prostate [1,2] but estrogen hormonal actions via es- 
trogen related receptor (ERR) gamma (γ) and estrogen  

receptor (ER) subtypes presumably play roles in BPH 
status [3,4]. There appears to be a linear increase in BPH 
incidence with increasing age in men over 60 years old 
[1,2,5]. It is estimated that almost 7 million Caucasian 
men in the United States (in 2000) have BPH and nearly 
8 million physician office visits were made to diagnose 
BPH [1]. The estimated costs of BPH (in 2000) exceeded 
$1 billion and approximately 1 in 5 men with BPH had a 
clinical event, such as prostatectomies, within 1 year of 
initiating treatment for BPH [1,6]. The symptoms of 
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BPH, such as nocturia (the most common, causing poor 
quality of sleep), incomplete emptying, urinary hesitancy, 
weak stream, frequency, and urgency can have a signifi- 
cant negative impact on the quality of life [1,2,6]. 

Pharmacological management of BPH include selec- 
tive and non-selective α-blockers (fast acting-hours to 
days) and 5α-reductase inhibitors (5ARI; relatively slow 
acting-days to months) for men with symptomatic BPH 
[2]. In some cases, combination therapy of α-blockers 
and 5ARIs are employed due to different and comple- 
mentary modes of action that potentially maximize treat- 
ment response or efficacy [2]. International prostate symp- 
tom scores (IPSS) improve with both modes of phar- 
macological treatment. However, the most common side 
effects of α-blockers include: reduced ejaculatory vol- 
umes, dizziness, diarrhea, orthostatic hypotension, head- 
ache, nasopharyngitis and nasal congestion [2,7]. For 
5ARIs the most common adverse events are sexual dys- 
function including, reduced libido, erectile dysfunction 
and to a lesser extent ejaculation disorders [2]. Also gy-
necomastia can occur in 1% - 2% of patients with 5ARIs 
[2]. Finally, the goal of therapy is to reduce or alleviate 
BPH symptoms, to prevent complications, and to mini- 
mize adverse effects of treatments [8]. 

Interest in complementary and alternative medicines 
(CAM) for BPH increased after epidemiological and tra- 
ditional hypothesis-driven scientific studies showed a 
lower incidence of BPH and prostate cancer in Asians 
compared to persons in Western countries [9-12]. This 
caused a paradigm-shift to explore other known and/or 
previously unknown “natural” treatments for BPH that 
have reduced side effects. For example, it has been 
known for centuries that particular plants or plant-de- 
rived compounds have prostate health benefits. Several 
CAM agents to treat BPH include: saw palmetto, pygeum, 
stinging nettle, lycopene, pumpkin seeds, β-sitosterol, 
green tea and vitamins C and E. These agents can be 
used as either single or combination therapies [13]. Of 
these CAM agents, saw palmetto is one of the most com- 
mon treatments for BPH symptoms, being in some cases 
as effective as 5ARIs (but not as effective as other phar- 
maceuticals) with rare side effects (<3%) [14,15]. 

Other CAM agents include polyphenolic compounds 
such as resveratrol or the isoflavonoids [16,17]. In- 
creased research attention directed toward the isoflavon- 
oids in the last 20 years where genistein was first thought 
to be responsible for improved prostate health [9,11], 
however, since the equol hypothesis was proposed in the 
late 1990s there has been increased focus on this isofla- 
vonoid molecule [18]. 

Equol is a polyphenolic or isoflavonoid molecule de- 
rived from intestinal metabolism, dairy and dietary plant 
sources [18-21]. For example, it is well established in 

human populations approximately 30% to 50% of indi- 
viduals can produce equol at relatively low concentra- 
tions compared to animals [18,20]. However, recent evi- 
dence suggests equol is present in plant products such as 
beans, cabbage and lettuces [21]. More recent research 
has shows that equol concentrations in low-soy-con- 
suming U.S. populations reflect equol intakes from mam- 
malian (cow) milk sources [20] that can be as high as 1.5 
mg/kg of cow’s milk [22]. Therefore, humans are ex- 
posed to this polyphenolic compound from different 
plant and food sources regardless of age, gender or geo- 
graphical location with scientific data to support a con- 
sumption/exposure record that appears to be safe [23]. 
Also, equol has the unique characteristic to bind specifi- 
cally 5α-DHT (to decrease negative androgen impact in 
the prostate) by sequestering 5α-DHT from the androgen 
receptor (AR), thus altering growth and physiological 
hormone responses regulated by 5α-DHT [19,24,25]. It 
also has affinity for ERR-γ and ER-β (to increase posi- 
tive estrogen-like influences in the prostate) [3,4,25,26] 
and can be found as R-equol and S-equol isomers [18,25]. 
Equol is currently used in skin treatments and has many 
positive influences on dermal gene and protein expres- 
sion (e.g., anti-aging, anti-inflammatory and anti-oxidant 
properties) [27], but a recent proposal suggests equol 
may have beneficial applications for improvement in pro- 
state health [25].  

2. Aim of the Study 

The purpose of this pilot intervention study was to de- 
termine whether short-term (4 week) oral administration 
of equol (6 mg twice per day) would improve BPH in 
mid-aged Caucasian men with moderate to severe symp- 
toms as indexed by the IPSS.  

In brief, the summary of blood chemistries displayed 
no significant changes in: general, cardiac or hepatic 
function panels while equol levels increased with dosing. 
In moderately symptomatic men (n = 10) 5 out of 7 of 
the IPSS parameters significantly improved by 4 weeks 
of equol treatment. In severely symptomatic men (n = 8) 
all 7 of IPSS parameters significantly improved with 4 
weeks of equol treatment. The present results demon- 
strate promise for equol at a low effective dose of 6 mg 
twice per day to improve BPH symptoms in mid-aged 
men. 

3. Materials and Methods 

We performed a pilot intervention study to determine the 
safety and efficacy of short-term (4 week) low dose of 
equol for BPH symptoms. Community dwelling men 49 
to 60 years old with moderate to severe BPH symptoms 
according to the IPSS total symptom index were re- 
cruited. 
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3.1. Participants/Protocol (Inclusion/Exclusion  
Criteria, Surveys & Adverse Events)  

Subjects were recruited by media advertisements. The 
clinic site, protocol, etc. was approved by the institu- 
tional review board (IntegReview) to perform this pilot 
study. After providing informed consent Caucasian sub- 
jects underwent initial evaluation, including confirmation 
of their BPH symptoms (moderate = 8 - 19 or severe = 
20 - 35) by completing the IPSS index, medical history 
and physical examination. Subjects were included and 
assigned to moderate or severe BPH groups based upon 
the total IPSS index that were in good health, having 
normal physical examination values and no history of 
prostate cancer. Exclusion criteria included routine high 
dosage of: anti-inflammatory, immunosuppressive, anti- 
hypertensive or anti-histamine medications, insulin, anti- 
biotics, or other topical treatments, diabetes (type I and 
II), thyroid conditions, chronic asthma or immunological 
disorders. Subjects should not have taken within the last 
8 weeks selective and non-selective α-blockers and/or 
5ARIs, or natural products/supplements such as green tea, 
soy or saw palmetto, etc. Subject age and body mass in- 
dex information, attrition, adverse events and study start/ 
stop dates are displayed in Table 1. Also, pre-surveys 
(before treatment was administered) covering informa- 
tion concerning body weight (recent weight gain/loss), 
physical activity routines, dietary/eating patterns, work 
shift schedule, and sleeping patterns were recorded.  

3.2. Interventions, Primary and Secondary  
Endpoints 

This study consisted of a 4-week treatment period; base- 
line IPSS index values were recorded (see above). Each 
subject underwent blood sample collection prior to taking 
the oral equol supplement (6 mg, propriety R/S blend) in 
the clinic and approximately 30 - 45 minutes after taking 
the equol supplement for visit 1 and visit 3 (which was 
the 4th week of equol treatment or the end of the study). 
Subjects received a two week supply of the equol sup- 
plement and were instructed to take 1 oral supplement 
twice per day with food (at breakfast and dinner). Sub- 
jects were asked to record in a daily diary: 1) dietary in- 
 

Table 1. Subject demographics and characteristics. 

 
Moderately  

Symptomatic n = 10 
Severely  

Symptomatic n = 8

AGE 55.8 ± 1.1 58.0 ± 1.0 

Body Mass Index 27.9 ± 0.6 27.2 ± 1.6 

Attrition: A total of 20 subjects were enrolled and 18 subjects completed the 
study. Two subjects discontinued study participation after the first baseline 
visit due to (adverse events): 1) motor-vehicle accident and 2) GI tract dis- 
order, both unrelated to the equol dosing or study procedures. Study start 
date: 13th April, stop date—16th June, 2011; n = number of subjects. 

take food; 2) physical activity pattern; 3) time of daily 
equol doses and 4) document daytime and nighttime 
voiding patterns. This protocol was repeated after two 
weeks on the equol treatment (visit 2) and then up to 4 
weeks on the equol treatment (visit 3). IPSS scores were 
adjusted for 2 week interval indexing and the blood sam- 
ples (serum) were analyzed for clinical chemistries (al- 
bumin, sex hormone binding globulin, total protein/bi- 
lirubin, alkaline phosphatase, ALT, AST, testosterone 
and 5α-DHT levels) from baseline (visit 1) and week 4 
(visit 3) time points at Utah Valley Regional Medical 
Center, Provo, Utah using standard clinical laboratory 
methods/techniques. Equol levels were quantified by 
GCMS.  

3.3. Statistical Analysis  

A mixed model (continuous-repeated variable within 
subject) was used to test baseline vs 2 week or 4 week 
IPSS values for all recorded parameters (p < 0.05). For 
the quantified blood chemistries baseline vs 4 week val- 
ues were tested by ANOVA followed by pairwise com- 
parisons (p < 0.05). Both analyses used Statistical Analy- 
sis Software (SAS)-Analytic Pro—Cary, NC, USA. All 
data were expressed as the mean ± SEM. 

4. Results 

Standard blood chemistry parameters and changes in 
equol levels with dosing are displayed in Table 2. There 
were no significant changes within or across the moder- 
ately symptomatic BPH or severely symptomatic groups 
for: albumin, sex hormone binding globulin, total pro- 
tein/bilirubin, alkaline phosphatase, ALT & AST when 
baseline values were compared to 4 week levels for these 
parameters (Table 2). For equol levels/profiles within 
and across time collection intervals, there were no sig- 
nificant differences between the moderately vs. the se- 
verely symptomatic groups (Table 2). 

Testosterone and 5α-DHT levels are displayed in Fig- 
ure 1. From baseline to termination of the study at 4 
weeks there were no significant changes in testosterone 
or 5α-DHT levels in the moderately symptomatic or se- 
verely symptomatic groups. Notably, in the severely 
symptomatic group 5α-DHT levels decreased from 429 
pg/ml to 340 pg/ml but this reduction did not reach sig- 
nificance (p < 0.07). All androgen values were within 
normal range.  

IPSS indices (for all 7 parameters) as influenced by the 
equol treatments in the moderately vs the severely 
symptomatic groups are shown in Figures 2(a) and (b). 
In the moderately symptomatic group for the IPSS pa- 
rameters, 5 out of 7 indicators significantly improved by 
4 weeks of equol treatment. Only urgency and weak 
stream did not significantly improve (Figure 2(a)). In the 
severely symptomatic group all 7 of these IPSS indicators 
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Table 2. Blood chemistry parameters and equol Levels in moderately and severely symptomatic men with BPH over the 4 
week treatment interval. 

Moderately Symptomatic (n = 10) Severely Symptomatic (n = 8) 
 

Baseline Week 4 Baseline Week 4 

Albumin g/dL (3.3 - 4.8) 3.78 + 0.09 3.63 + 0.11 4.33 + 0.08 4.24 + 0.11 

Sex-Hormone Binding Globulin nMol/L (13 - 57) 33.5 + 4.5 33.4 + 4.8 30.9 + 6.1 26.6 + 5.3 

Cardiac/Hepatic Function Panel 

Total Protein g/dL (6.0 - 8.4) 6.6 + 0.2 6.5 + 0.2 6.9 + 0.1 6.8 + 0.1 

Total Bilirubin mg/dL (0.2 - 1.3) 0.53 + 0.09 0.54 + 0.07 0.63 + 0.15 0.59 + 0.13 

Alkaline Phosphatase U/L (40 - 120) 60.0 + 3.8 58.1 + 4.2 74.9 + 3.0 73.0 + 3.5 

Alanine Amino-Transferase, ALT U/L (12 - 61) 20.5 + 2.3 21.5 + 2.4 16.6 + 1.6 15.4 + 1.1 

Aspartate Amino-Transferase, AST U/L (16 - 50) 27.5 + 3.2 27.4 + 3.1 25.4 + 2.5 25.0 + 2.6 

Equol (ng/ml) (NA) 2.1 ± 0.9 121.8 ± 13.1 3.5 ± 1.7 136.7 ± 9.4 

Normal ranges displayed in parentheses; NA = not applicable for normal range. 
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Figure 1. Total testosterone and 5α-dihydrotestosterone 
levels in moderately and severely symptomatic men over the 
4 week equol treatment. Testosterone was quantified by 
chemilum-microparticle immunoassay and 5α-DHT by tan- 
dem mass spectrometry. There were no significant differ- 
ences for any of the parameters measured. All values were 
within normal range. 
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significantly improved by 4 weeks of equol treatment 
(Figure 2(b)). 

Total IPSS indices as influenced by the equol treat- 
ments in the moderately vs. the severely symptomatic 
groups are shown in Figures 3(a) and (b). In moderately 
symptomatic men (Figure 3(a)) and in severely symp- 
tomatic men (Figure 3(b)) the overall IPSS values sig- 
nificantly decreased from baseline levels by two weeks 
of treatment and then significantly declined further by 
four weeks of treatment.  

 
(b) 

There were no significant changes in quality of life 
IPSS scores over the four week treatment interval for 
moderately symptomatic subjects. However, in severely 
symptomatic subjects for quality of life over the four week 
treatment interval there was a significant improvement 

Figure 2. IPSS values in moderately (a) or severely symp- 
tomatic (b) men treated with equol for 4 Weeks; ▼ = sig- 
nificant reduction in IPSS values (within a given parameter) 
at 2 weeks and/or 4 weeks treatment compared to baseline 
levels. 
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Figure 3. Overall IPSS values in moderately (a) or severely 
(b) symptomatic men over 4 weeks treatment with equol; ▼ 
= significantly decreased IPSS values at 2 weeks and/or 4 
weeks compared to baseline levels. 

 
from 4.5 (mostly dissatisfied to unhappy) at baseline to a 
level of 2.8 toward the mostly satisfied category (quality 
of life IPSS values not shown graphically). Finally, in the 
severely symptomatic men total number of urinations 
(average) per day decreased from 12.1 to 9.2 (or a 24% 
decrease) [normal = 4 to 7/day]. 

5. Discussion 

We assessed the safety and efficacy of low dose equol 
for decreasing symptoms associated with BPH in moder- 
ately and severely affected patients. Equol administered 
at a total daily dose of 12 mg for the 4 week study 
achieved statistical significance vs baseline values for 
reducing BPH symptoms, as measured by IPSS parame- 
ters. In fact, positive results were observed by 2 weeks. 
These data compare favorably with previous reports ex- 
amining α-blockers and 5ARIs [2,7] but without the side 
effects seen in these pharmaceutical treatments.  

The potential mechanisms of how equol works are 
shown in Figure 4. The main mode of action include 
equol’s unique characteristic to bind specifically 5α-DHT 
(and not other steroid molecules or the AR) thereby se-  

Binds ERR-γ

Binds ER-β

Down-regulates AR

Down-regulates ERα

Moderate EFFECT

•Prostate Volume
•BPH Symptoms

Binds 5α-DHT

• Negative  actions 
of ERα

Androgen hormone action at 
androgen receptor (AR)• Proliferation of prostate 

cells
• Inflammation
• Carcinogenesis

MAJOR EFFECT

Equol: Effect on Prostate

© 2012 Edwin Lephart. All 
Rights Reserved. 6

EQUOL

ERRγ
ERβ 5α-DHT

 

Figure 4. Compounds, receptors and mechanisms of how 
equol works via various pathways to decrease prostate vol- 
ume and improve BPH Symptoms in Men. Estrogen Recep- 
tor Beta (ER-β), estrogen related receptor gamma (ERR-γ), 
estrogen receptor alpha (ER-α), 5α-dihydrotestosterone (5α- 
DHT), androgen receptor (AR) and white hats represent 
positive influences while black hats represent negative in- 
fluences. 

 
questering it from the AR to decrease this negative an- 
drogen impact in the prostate [24,25]. The present clini- 
cal data confirm previous in vitro and in vivo animal data 
elucidating this mechanism of action [25]. 

Conversely, equol also has affinity for ERR-γ and ER- 
β (to increase positive estrogen-like influences in the 
prostate). The presence of ERR-γ during prostate cancer 
is indicative of a favorable prognosis, and ERR-γ has 
been shown to slow proliferation in prostate and breast 
cancer cell lines [3]. Using in vitro cultures examining 
PC-3 cells, equol has been shown to increase the tran- 
scriptional activity of ERR-γ [26], thereby enhancing the 
inhibitory actions of ERR-γ on neoplastic growth [3]. 
The concentrations of equol required to stimulate ERR-γ 
are relatively high but not out of physiological range [26] 
if equol were applied topically or consumed orally. Also, 
it is known that equol (particularly S-equol) has rela- 
tively high affinity for ER-β where it can act as a selec- 
tive estrogen receptor modulator or SERM [19,25]. Pre- 
vious laboratories, including ours, have shown that isofl- 
avones binding to ER-β in the prostate can down regulate 
the AR and thus decrease negative androgen hormone 
actions [28]. Moreover, this may explain how isoflavon- 
oid molecules accumulate in prostate tissue and prostatic 
fluid after oral supplementation [29,30]. Equol’s SERM- 
like binding to ER-β within the prostate has positive im- 
plications in decreasing proliferation, inflammation and 
carcinogenesis [4,25] and down regulating ER-α which 
has a negative impact on prostate health [4]. In part, 
equol’s powerful anti-oxidant and anti-inflammatory 
activities presumably play an important role in this over- 
all mechanism within the prostate which has been  
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demonstrated in human dermal applications [27]. 
There is evidence that Asian cultures have lower pros- 

tate cancer rates compared to Western cultures [9-12,25]. 
Furthermore, when data is stratified examining individu- 
als that produce equol naturally after soy consumption 
suggest that lower cancer rates are due to the beneficial 
influence of this isoflavonoid molecule [31]. Moreover, 
while equol has been shown to have positive benefits in 
human prostate health, there is evidence that R-, rather 
than the S-enantiomer is responsible for the in vivo che- 
moprotective properties of equol [32]. However, regard- 
less of the actual mechanism by which equol enhances 
prostate health it is known from other clinical investiga- 
tions that isoflavone supplementation that increased the 
production of serum equol in equol-producers resulted in 
a decline in serum 5α-DHT levels in men by approxi- 
mately 18% versus before supplementation values [33]. 
These results are similar to the present findings where a 
21% reduction in 5α-DHT was observed in the severely 
symptomatic group with oral equol treatment with cor- 
responding significant improvements in IPSS values. The 
reasons moderately symptomatic men did not display any 
alterations in 5α-DHT levels during the intervention are 
unknown, but the significant positive influence of the 
equol treatment on IPSS indices over the course of the 
study may be due to the other mechanisms of actions out- 
lined above.  

6. Conclusion 

Since equol acts directly on 5α-DHT and the prostate 
gland through mechanisms independent of α-blockers 
and 5ARIs, this relatively rapid-acting (within days) 
therapy may provide an alternative and/or a complemen- 
tary role for the treatment of BPH. Based upon the posi- 
tive results of the IPSS indices, without alterations in 
cardiac or hepatic function parameters and no side effects, 
equol is likely to be a focus for the relief of BPH symp- 
toms. 
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