Distribution Agreement

In presenting this thesis or dissertation as a partial fulfilment of the requirements
for an advanced degree from Emory University, | hereby grant to Emory
University and its agents the non-exclusive license to archive, make accessible,
and display my thesis or dissertation in whole or in part in all forms of media, now
or hereafter known, including display on the world wide web. | understand that |
may select some access restrictions as part of the online submission of this
thesis or dissertation. | retain all ownership rights to the copyright of the thesis or
dissertation. | also retain the right to use in future works (such as articles or
books) all or part of this thesis or dissertation.

Signature:

Philip Aka Jr. Date



The association between urinary phytoestrogen levels and prostate-
specific antigen levels in men aged 40 and over in the US population
by
Philip Aka Jr.

Master of Public Health

Epidemiology

Dr. Otis Brawley

Faculty Thesis Advisor



The association between urinary phytoestrogen levels and prostate-
specific antigen levels in men aged 40 and over in the US population
By
Philip Aka Jr.

MPH in Epidemiology, Emory University, 2014

B.S. in Biological Sciences, University of Chicago, 2011

An abstract of a thesis submitted to the Faculty of the Rollins School of Public
Health of Emory University in partial fulfillment of the requirements for the degree

of Master of Public Health in Epidemiology, 2014



Abstract
The association between urinary phytoestrogen levels and prostate-
specific antigen levels in men aged 40 and over in the US population
by
Philip Aka Jr.
Primary Objective: To determine if there is an association or correlation
between phytoestrogenic levels in men aged 40 and older and their PSA levels.
Secondary Objective: To confirm the findings of previous studies that suggest a
positive association between phytoestrogens and PSA levels in men.
Research Design and Methods: The sample analyzed is available in the 2009-
2010 National Health and Nutrition Examination Survey (NHANES) dataset and
includes 676 male subjects age 40 and over after excluding those with missing
data for phytoestrogens. Serum PSA concentration was considered the
dependent and urinary phytoestrogen levels were consider independent
variables. Six phytoestrogens were analyzed. These included daidzein, equol,
genistein, enterodiol, enterolactone, and O-Desmethylangolensin (O-DMA).
Possible confounders included race/ethnicity, smoking status, age, educational
level, poverty-income ratio (PIR), HDL, LDL, and total cholesterol, and
triglycerides. These variables were confounders because each has been
correlated and/or associated with increased prostate cancer risk and can

possibly be associated with phytoestrogen levels.



Results: No statistically significant associations between phytoestrogen levels
and PSA were found.
Conclusions: In a small sample of the US adult male population aged 40 and

over, it appears that phytoestrogenic levels have no association with PSA levels.
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Introduction
An inverse association between the concentration of phytoestrogen and prostate-
specific antigen (PSA) levels among men aged 40 and over has been suggested
in various studies. That is, the greater the concentration of serum and, by
extension, urinary phytoestrogen, the lower the PSA level. Because of the strong
correlation between elevated PSA levels and elevated prostate cancer risk, PSA

levels can be viewed as a proxy for the cancer risk.

The link between androgenic stimulation and the severity of prostate cancer has
been well documented. This was first shown through the landmark studies of
Huggins and Hodges in 1939. They demonstrated prostate cancer regression by
withdrawing androgenic stimulation. Further work has shown that estrogen
treatment of men with metastatic prostate cancer causes regression in disease
by reducing androgenic stimulation. Phytoestrogen may mimic the behavior of

estrogen and lower androgen stimulation.

The clinical observation of Huggins and Hodges first demonstrated that prostate
cancer is a hormone-regulated disease and that hormone manipulation can treat
the disease. Carcinogenesis is a process over time and promoted by androgenic
stimulation. There is laboratory, epidemiologic and clinical data to suggest that
prolonged androgenic stimulation of the prostate can cause prostate cancer. A
number of laboratory animal studies have administered an initiator followed by

androgen therapy resulting in a portion of the laboratory animals developing



prostate cancer."® Several case control and cohort studies suggest that men
with higher serum testosterone levels over time are at higher risk for prostate
cancer diagnosis. Two large prospective randomized placebo controlled clinical
trials have demonstrated that reducing androgenic stimulation of the prostate

decreases the tendency of prostate cells to become cancerous.?

The hypothesis of this paper is that high serum phytoestrogen levels may
correlate with lower androgenic stimulation and lower PSA levels. Higher
phytoestrogen levels and lower androgenic stimulation of the prostate in turn may

translate into lower risk of prostate cancer.

PSA level has been shown to be a rough proxy for prostate cancer risk.
Several previous epidemiologic studies suggest that those who have higher
phytoestrogen levels may have lower risk of prostate cancer.*® Direct
assessment of prostate cancer risk is beyond the scope of this study. A positive
finding will merit further assessment and could lead to a recommendation that

men increase dietary phytoestrogen intake to reduce risk of prostate cancer.

In the US, prostate cancer is the most commonly diagnosed visceral cancer and
2" leading cause of cancer death in American men.® In fact, prostate cancer is
only surpassed by skin cancer as the most frequently diagnosed cancer in
American men.” Prostate cancer represents approximately 14.4% of all visceral

cancers diagnosed in men each year.? The American Cancer Society estimates



that 233,000 men will be diagnosed with prostate cancer and 29,840 will die of
the disease this year.GAbout 1in 7 American men will be diagnosed with prostate

cancer in their lifetimes and about 1 in 36 shall die from the disease.’
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Literature Review

Prostate Cancer Risk Factors

Risk factors for prostate cancer include age, race/ethnicity, family history, history

of physical activity, obesity, diet and smoking.

Prostate cancer is largely a disease of older men, with a median age of diagnosis

of 66 and approximately 6 out of 10 cases occurring among men 65 and older.

Race is generally considered to be a sociopolitical categorization and loosely

correlates with area of geographic origin. Prostate cancer is most prevalent in
Black African-American and Afro-Caribbean men. In 2012 African-Americans
have had an age-adjusted incidence that is 1.59 times that of white Americans

and age-adjusted mortality rates 2.39 times higher than whites.®
Family history is also a risk factor. Studies suggest that two 1% degree relatives
increase risk of diagnosis by a factor of 5 and 3 or more 1 degree relatives

increases risk by 11 times.®

Factors such as, smoking, exercise, weight, and diet have been shown to

influence the progression and severity of the cancer.
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The association between smoking and prostate cancer is complicated. In a study
involving 5366 prostate cancer patients, Kenfield et al found that smokers had an
increased mortality rate from prostate cancer compared to nonsmokers (HR =
1.61; 95% CI = ). A second study initially showed no statistically significant
correlation between smoking and prostate cancer diagnosis but with refinement
of the data, heavier smokers were found to have increased risk of prostate
cancer compared to light smokers (cigarettes per day or years: RR = 1.22; 95%
Cl =1.01, 1.46; pack years of smoking: RR = 1.11; 95% CI = 1.01, 1.22) and
current smokers had an increased risk of fatal prostate cancer compared to
nonsmokers (RR = 1.14; 95% Cl = 1.06, 1.19)."" The heaviest smokers were
1.24-1.3 times more likely to die from cancer than nonsmokers. The correlation
between smoking and prostate cancer that appeared after stratification appeared
so strong that even subjects who qualified as past smokers had elevated risk
(RR=1.09; 95% Cl = 1.02, 1.16) when compared to nonsmokers. In a large
meta-analysis of case-control and prospective studies published from 1966 to
2000, smoking appeared not to be a risk factor for prostate cancer diagnosis but

was a risk factor for death from prostate cancer.'

In regards to exercise, physical activity apparently has a correlation with the
cancer’s aggressiveness. Studies suggest that men who are physically active
tend to have less aggressive prostate cancer. This may be a healthy volunteer
effect in which those concerned about health exercise are more likely to be

screened for prostate cancer. Screening does increase the risk of prostate
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cancer diagnosis and specifically the diagnosis of less aggressive more indolent
cancer. In a prospective cohort study, two cohorts of PCa patients from Seattle
and the state of Connecticut were observed for 15 years (1986-2001). The
Seattle area utilized PSA screening far more intensively than Connecticut in the
early PSA era (1987-90). The data showed that the Seattle cohort had
significantly greater incidences of radical prostatectomy and radiotherapy than
their Connecticut counterparts (OR = 5.2, 95% C.I. = 3.22-8.42)"°, clearly
supporting the notion of PSA screening increasing PCa diagnosis risk. In the
Health Professionals Follow-up Study, a cohort of 47,620 US health
professionals was observed from 1986 to 2000. Although there was no significant
association found between incidence and exercise, there was a lower risk for
advanced prostate cancer and death from prostate cancer among men aged 65
or older who had significant exercise history (RR = .33, 95% C.l. = .17-.62 for
advanced disease) and (RR = .26, 95% C.I. = .11-.66 for death from prostate

cancer)."

Dietary intake and dietary components such as fat, cholesterol, etc. have been
shown to be associated with PCa risk. There is data that suggests that a diet rich
in beans, lentils, peas, raisins, dates, and other dried fruits were associated with
a significant reduction in the risk of prostate cancer development.’ In regards to
dietary components, there is evidence suggesting that fat is linked to PCa risk. In
one study, higher fat intake was associated with an increased PCa risk (RR =

1.79, C.I. = 1.04-3.07; p =.06) after adjustment for age and energy intake.’® In a
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cross-sectional study involving 950 Japanese men, it was found that among
those who did not take statins, subjects with triglyceride levels greater or equal to
150 mg/dL had a 66% increased risk of prostate cancer diagnosis compared
those with lesser levels (95% C.1. 1.21-2.29, p = .002).17 Furthermore, the
researchers discovered a direct correlation with increasing triglyceride levels and

cancer risk.

Another dietary component, cholesterol, may also be correlated with PCa risk. In
a study conducted by Murtola and associates, 3 prostate cell lines were cultured;
normal epithelial prostate cells, prostate cancer cells, and immortalized prostate
cells. LDL cholesterol administration resulted in an increase in the number of
cancer cells and a slight decrease in the number of normal epithelial prostate
cells.”® In a separate study, prostate cancer risk, total serum cholesterol, and
HDL cholesterol were examined and it was shown that high total cholesterol
levels (i.e. levels greater than or equal to 240 mg/dl as opposed to levels lower
than 200) were associated with an increased overall risk (HR = 1.22, 95% C.I.
1.03-1.44, p = .01) as well as an increased risk for advanced prostate cancer (HR
=1.85, 95% C.I. 1.13-3.03, p = .05) while higher HDL cholesterol was associated
with a decreased PCa risk."® In a study by Mondul et al, spurred by the observed
decrease in cancer risk among users of statins, which is associated with a
cholesterol reduction, researchers concluded that subjects with lower cholesterol

levels (<200 mg/dl) were less likely to develop advanced cancer than those with
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high cholesterol (greater or equal to 240 mg/dl), with a RR = .68 (95% C.I. .4 —

1.18, p =.12).2°

Prostate Cancer as an Androgen Driven Disease

There is strong indication that PCa is an androgen driven disease. Huggins and
Hodges'’ research produced the earliest evidence demonstrating that prostate
cancer is an androgen sensitive disease. In one study, eight prostate cancer
patients were castrated and underwent measurement for acid phosphatase
levels before and after the castration. A higher level of acid phosphatase
correlates with prostate cancer progression. After the castration, drastic drops in
acid phosphatase activity were observed, which is correlated with PCa

regression.?’

In a later study, Huggins’ and Hodges produced further support for the link
between androgenic stimulation and PCa progression. In this study, patients,
following castration, were injected daily for 2 weeks with 25 mg of testosterone
and displayed an increase in acid phosphatase activity by 3-5 times the previous

amount.?!
Although the exact role of androgens in the development of prostate cancer is

currently unknown, there is much evidence suggesting it is a prostate cancer

promoter. This is demonstrated in a lab study in which injection of cancer initiator
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followed by prolonged androgenic stimulation resulted in development of PCa

and tumor progression in the lab rats.?

Prostate cells are so dependent on androgen, in fact, that some studies suggest
that some prostate cells produce some androgens themselves to supplement the
levels already available. A study performed by Dillard and colleagues
demonstrated that undifferentiated prostate cancers could produce androgen
from cholesterol, revealing a possible mechanism behind the cholesterol-PCa

risk association.?®

Additional evidence that androgenic stimulation is linked to prostate risk is
provided by a case control study done by Hyde and colleagues. They show a
positive association between serum free testosterone levels and incident prostate
cancer such that every standard deviation increase in the free testosterone level
correlated with a 9% increase in prostate cancer risk (95% C.I, 1-1.18). Those
who developed prostate cancer had a slightly higher mean free testosterone level
of 290 pmol/L (+/- 96 as S.D. for both groups), significantly greater than 277

pmol/L for those who did not develop it (p = .043).%*

Today we know that the prostate is an androgen dependent organ and prostate
cancer is an androgen dependent disease. Cell biologists have demonstrated the
presence of the androgen receptor on the outer surface of benign prostate cells

and prostate cancer cells.
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Androgen physiology and observations involving 5-alpha reductase and its
inhibition also support the theory that prolonged androgenic stimulation causes
prostate cancer and prolonged reduced androgenic stimulation prevents prostate

cancer.

In normal physiology, the enzyme 5-alpha reductase converts testosterone to
dihydrotestosterone (DHT). This enzyme is found in high levels within prostate
cells. DHT is far more potent an androgen than testosterone. Itis 8 to 10 times
greater affinity for androgen receptors than testosterone and 15-30 times more
than the affinity of other androgens.?® 5-alpha reductase amplifies androgenic

stimulation of the prostate.

Some epidemiologic study supports the hypothesis that prolonged androgenic
stimulation causes prostate cancer. In a population study conducted by Ross
and colleagues. Japanese subjects were used as the reference population for
comparison with black and white subjects. The study’s results showed that
blacks had 31% higher values of 3a, 173 androstanediol glucuronide and 50%
higher values of androsterone glucuronide than Japanese subjects, while white
subjects had 25% and 41% higher values, respectively.?® These substances are
indices of 5-alpha reductase activity and the figures correlate with the PCa risk of
blacks which is higher than whites, which in turn is higher than Japanese. Further

support for a disparity in DHT levels between Asians and other races correlating
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with PCa risk can be found in data from another population study conducted by

Lookingbill et al. comparing a Chinese population to a Caucasian population.?’

Additional evidence supporting the plausibility of DHT’s integral role in
androgen’s influence on PCa risk and development can be found in the Prostate
Cancer Prevention Trial, a long term prospective placebo controlled randomized
study involving more than 18,000 men median age 62 at the start of the trial.
Men were given the 5-alpha reductase inhibitor finasteride or a placebo in
blinded fashion and screened annually for prostate cancer. The study ultimately
found that finasteride caused a 25% reduction in prostate cancer risk with about
seven years of follow-up. This study shows that reducing androgenic stimulation
within the prostate by decreasing conversion of testosterone to the more potent
DHT reduced the conversion of normal prostate cells to cancerous cells.

The fact that 5-alpha reductases activity correlates quite closely with the PCa
risks gives strong support to the idea of 5-alpha reductase playing an integral
role in increased androgen stimulation correlating with PCa risk. These findings
were replicated in the REDUCE trial using the 5-alpha reductase inhibitor

dutasteride.?®

The hypothesis is that long-term androgen exposure causes prostate cancer and
evidence does exist that supports the claim. Studies taking long term stimulation
into account support the hypothesis. In 2003, Parsons and colleagues conducted

a prospective cohort study that measured hormonal levels of 794 members of the

18



Baltimore Longitudinal Study of Aging from 1968-'98. The study's results show
that long term elevated free testosterone levels greater than 5.7 ng/mL were
associated with an increased PCa risk (RR = 2.59, 95% C.l. = 1.28-5.29, p =
.03).% In yet another long-term study, researchers matched 222 cases with 390
controls from the Physicians’ Health Study and utilized hormonal and sex
hormone binding globulin (SHBG) measurements spanning 10 years to show a
strong correlation between increased PCa risk and increased free testosterone
after adjusting testosterone and SHBG levels simultaneously (OR quartiie 2 = 1.41,
3=1.98, 4 = 2.60, 95% Cl = 1.34-5.02; p = .004).*° Evidence such as this make
for a strong argument for a correlation between long-term androgen stimulation

and increased PCa.

Well-designed studies do exist,that suggest no significant association between
serum androgen concentration or androgenic stimulation and prostate
carcinogenesis. Such is the meta-analysis done by Roddam et al.>" Rhoden and
Morgentaler found that the use of testosterone replacement therapy (TRT), for 1
year in hypogonadal men did not result in an increase in prostate cancer risk.>
The results should be taken with some skepticism as there are significant
limitations. The studies included in the meta-analysis, had hormonal
concentrations measured only once per subject and there was no one standard
method of measurement among them. Another important limitation the meta-
analysis shared with the TRT study is relatively short-term one year of androgen

exposure.
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PSA and Prostate Cancer Risk

PSA concentration is the focus of this research because of its correlation with

prostate cancer risk.

Chu and colleagues discovered the prostate-specific antigen in 1979.% It is
synthesized in the prostate and leaks into the bloodstream. PSA secretion and
serum PSA level increases with androgenic stimulation. PSA levels also
increase with the size of the prostate. Increases in PSA can also indicate the

presence of prostate cancer.

Risk of PCA increases with increasing serum PSA. Granted PSA has moderate
sensitivity and is not specific, but a higher proportion of the population with serum
PSA level between 4 and 10 has prostate cancer, compared to the population
with PSA 3 to 4. A higher proportion of those with PSA 3 to 4 have PCa
compared to the population with PSA levels less than 3. (Ref Thompson PCPT

paper which showed this)

It can be logically assumed that if both elevated androgen and PSA levels are
significantly associated with elevated PCa risk, there is great probability that
elevated androgen is strongly correlated with increased PSA levels as well. This

is suggested by one study, in which PSA and testosterone readings obtained
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from 8794 subjects revealed a positive correlation between androgen level and
PSA..>* Further support for the link between high PSA and androgen levels
comes from a report by Suzuki. Of 420 subjects with PSA levels < 10 ng/mL,

cases had testosterone levels significantly greater than the controls (p=.0198).%*

Evidence does exist that appears to contradict the link between testosterone and
PSA. There are studies suggesting that low testosterone levels are correlated
with more aggressive prostate cancers (cancers with Gleason scores equal to or
above 8).%° Data from these studies, however, are not a sufficient. For one, in
many of the studies that do support a correlation between androgenic stimulation
and PSA, the reported measurements show strong statistical significance. Also,
several of the clinical studies have produced virtually identical conclusions and
many of the epidemiological studies have produced similar ORs or RRs

indicating they estimate a similar sized effect.

Literature on Phytoestrogens and Prostate Cancer Risk

With the previous arguments and evidence supporting a possible correlation
between androgen levels and prostate cancer in mind, now we may focus on the

possibility of an association between phytoestrogen and prostate cancer.

If there is a correlation the implication is that increased phytoestrogen intake

might be advocated as part of a healthy diet and lifestyle geared towards
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reducing the risk of prostate cancer if phytoestrogens are associated with lower

PSA and lower risk of prostate cancer.

Phytoestrogens, as its name implies, are plant-derived compounds that mimics
the sex hormone estrogen due to its structural similarities. The most common
source of phytoestrogen in the diet is soy. Estrogen is structurally similar to
androgens. Because its administration lowers androgen production, estrogen is

commonly used to reduce androgen level in the treatment of prostate cancer.

Estrogens’ major effect on prostate cancer is results from its interactions with the
hypothalamus. When the hypothalamus senses high levels of sex hormone
(androgen or estrogen) it decreases GnRH secretion, which leads to a decrease
in FSH secretion from the pituitary. This in turn leads to a decrease in androgen
secretion from the testes. A possible secondary mechanism beyond estrogen’s
interaction with the pituitary-hypothalamic axis is that estrogen may be able to
bind to androgen receptors and, thus, may act by blocking androgen from the

androgen receptor.

This study focuses on urinary phytoestrogenic levels in lieu of serum levels.

There is high correlation between the two levels and urinary measurements are

often favored since serum levels are harder to obtain.
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Research into the possibility of a link between the 2 variables (phytoestrogen
levels and PSA levels) has resulted in quite varying results. On one hand, there
seems to be a great amount of evidence pointing to the possibility of an inverse
association between the phytoestrogen levels and prostate cancer risk and/or
PSA. In a study among a cohort of Japanese men, it was again found that
phytoestrogen appears to have a protective effect against prostate cancer.
Phytoestrogens genistein, daidzein, and equol had ORs of 0.38 (95% C.I., .13-
1.13), .41 (.15-1.11), and .34 (.11-1.1) respectively,*® in addition to possibly
affecting one’s risk for cancer development, phytoestrogens apparently have

significance on PSA measurement even after PCa development.

In a clinical study with 29 prostate cancer patients conducted in 2003 suggested
that phytoestrogens significantly decrease serum PSA level. In the study,
controls were fed a diet consisting of regular wheat bread while those in the
experimental group were given bread consisting of soy grits. After the trial, those
in the experimental group experience on average a 12.7% decrease in their PSA
concentration while the control group experienced a 40% increase (p = .02).% It
should be noted that a compound may be chemopreventative and not
necessarily chemotherapeutic. The 5-alpha reductase are such. There are good

studies to show that phytoestrogens are not a treatment for prostate cancer.
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On the other hand, there is some data suggesting that phytoestrogen levels do
not reduce risk of PCa. In a meta-analysis performed by Roddam, sex hormone
data from 18 prospective cohort studies suggest that serum estradiol
concentrations-have no effect on one’s risk of developing prostate cancer.®® This

result was reproduced in the prospective study conducted by Gann et al.'?

More relevant to the research question at hand, there is data challenging the
existence of an association between phytoestrogen and PSA levels. One study
suggested that a diet rich in phytoestrogens had no effect on any PSA levels,

free or total.>®

Such variance in conclusions regarding phytoestrogen’s association with PSA
levels and PCa risk stresses the fact that more research in this particular field is
needed. This study will address this concern as well as possible confounding that
may arise due to the association high phytoestrogenic intake has with healthy

dieting.
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Methods
Hypothesis: The hypothesis of this paper is that high serum phytoestrogen
levels may correlate with lower androgenic stimulation and lower PSA levels.
Sample and Study Population: The study design for this investigation is an
observational, cross-sectional study, utilizing data from the National Health and
Nutrition Examination Survey (NHANES). The Centers for Disease Control and
Prevention conducts NHANES yearly as a means to provide accurate,
representative insight into the health conditions and state of the US population.
To achieve the production of this diagram, NHANES utilizes complex sampling to
ensure its subjects are chosen randomly and to accurately represent US
demographics. In addition, to achieve that representation it combines
interviews/questionnaires with physical and laboratory exams. Data for the study
was comprised from the 2009-2010 NHANES dataset. The sample analyzed
resulted from restricting the study’s focus to males aged 40 and over and,
subsequently, excluding any subjects without phytoestrogenic readings.
Exclusions: The first exclusion was of all female participants, which resulted in
the overall number of participants dropping from 10537 to 5225. The next
exclusion was of any participant younger than 40 years, since NHANES does not
have PSA data for men in that category, limiting the total number of participants
from 5225 to 2026. The 3™ exclusion removed any participants with missing data
for any of the 6 phytoestrogens under analysis, further decreasing the number of
participants from 2026 to 676.

Study Measures
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Independent Variables: The primary independent variables under investigation
were continuous. They were the urinary levels of phytoestrogens daidzein
(URXDAZ), equol (URXEQU), genistein (URXGEN), enterodiol (URXETD),
enterolactone (URXETL), and O-Desmethylangolensin or o-DMA (URXDMA), all
in ng/dl. All independent variables are continuous.

Dependent Variable: Prostate specific antigen (PSA), a biomarker that may
indicate prostate state, diagnose prostate cancer in benign conditions, and
indicate the progression of prostate cancer. It was measured in ng/mL.
Covariates: Covariates included: HDL cholesterol, LDL cholesterol, total
cholesterol and triglyceride levels, all in mg/dl. Five Ethnic/racial groups were
included: non-Hispanic white, non-Hispanic black, Mexican American, other
Hispanic, and other races including multi-racial; age and PIR (poverty-income
ratio), a measure of the economic status of the participant, and the level of
education a participant reached.

Statistical Analysis: An analysis of correlations was performed between PSA
and the phytoestrogens, between PSA and the covariates, between each of the
phytoestrogens, and between each of the covariates. Bivariate analysis was then
conducted to determine whether an empirical relationship between PSA and
each of the phytoestrogens existed. In addition, a second set of bivariate analysis
was conducted to determine whether any association existed between PSA and
each of the covariates. All continuous variables were categorized for crosstab
analysis in both sets and significance was determined from the Pearson Chi-

Square p-values. All covariates that were found to have a p-value < .35 in the
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bivariate analysis (i.e. age, HDL, total cholesterol, and race/ethnicity) and
significant correlation with PSA were entered into multivariate linear regression
models. Multivariable linear regression was performed in over 30 scenarios and
the 6 models produced and containing a single phytoestrogen were selected for
examination and discussion in the study. In addition, the data was analyzed
using SAS version 9.2 and SPSS Statistics 21. Specifically, SPSS complex
sampling program was utilized with the 2-year MEC examination weights for the
participants provided by NHANES (wtmecyr2) and the dataset was sorted by

strata (smdvstra) and subsets via primary sampling units (smdvpsu).
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Results
The average phytoestrogen levels among US males were as follows: equol:
36.8611 ng/dl, genistein: 199.5041 ng/dl, o-DMA: 70.8237 ng/dl, enterodiol:
218.6476, enterolactone: 1101.0899 ng/dl, daizdein: 70.8237 ng/dl. The average
PSA level for US males was 1.6519 ng/dl. Bivariate and multivariable analysis via
linear regression revealed that no significant association exists between PSA
levels and any of the phytoestrogenic levels, even after controlling for any of the
covariates. There were also no significant association between PSA and any of
the covariates. Highly significant correlations existed between phytoestrogens
genistein and daizden (R? = .935, p < .000), O-DMA (R? = .177, p < .000), and
equol (R? = .197, p < .000), enterolactone and enterodiol (R? = .423, p < .000),
equol and daizden (R? = .17, p < .000) and O-DMA (R? = .158, p < .000), and
daizden and O-DMA (R? = .377, p < .000). Some highly significant correlations
between the covariates include: HDL and triglycerides (R? = -.147, p = .007), LDL
(.307, p < .000), and total cholesterol (R? = .474, p < .000), triglycerides and total
cholesterol (R? = .457, p < .000), and LDL and total cholesterol (R* = .775, p <
.000). The only variables significantly correlated with PSA were HDL (R? = .118,
p =.002), age (R2 =.212, p <.000), race/ethnicity (R2 =.079, p = .04), and total
cholesterol (R2 =.076, p <.049). In regards to bivariate and multivariable, even
after controlling for the covariates, none of the phytoestrogens displayed

significant associations with PSA.
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Discussion
It appears that the amount of phytoestrogenic consumption, reflected by urinary
concentrations, had no appreciable effect on the PSA levels for subjects in the
study, in the unadjusted analysis and even after adjusting for the covariates,
refuting the hypothesis, due to the lack of association. There also appears to be

no association between total cholesterol and LDL, contrary to previous studies.

The study has several strengths and several limitations. Strengths include the
analysis of associations as well as correlations between the dependent variable
and independent variables and covariates, but also the independent variables
themselves as well as between the independent variables and the covariates.
This thorough approach was utilized to ensure the measures of association used
were valid and accurate by allowing comparison of results obtained with facts
already established in scientific literature. For example, the high correlation
between LDL and total cholesterol (R2 = .766) and the high correlations between
several of the phytoestrogens reflect the close association between the variables
in biology that have already been established. Another strength of this study was
its thoroughness in methodology as seen from the analysis of correlation
combined with bivariate and multivariable analysis to attempt to provide a clear
picture of any possible association. The fact that collinearity was carefully
accounted for by creation and testing of numerous models in the linear
regression to further aid in the attempt to create an accurate picture of the

possible associations is also a strength in this study. Limitationw of this study,
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however, were significant. The main limitation was a result of the study’s short
duration coupled with significant amounts of missing data. Although it can be
argued, that 2 years can suffice as a “long-term” period for phytoestrogen
exposure, it appears highly plausible that a longer time-span was necessary for
this study to have truly provided an accurate assessment of association between
phytoestrogen exposure and PSA levels, due solely to so much missing data
from the NHANES dataset. Much of the missing data resulted in a significant
amount of participants to be excluded from analysis. For example, it is
established that African-American males have a significantly greater risk for PCa.
However, in the analysis, race is weakly associated with PSA levels, suggesting
selection bias in the study. Further support for selection bias in the study includes
the fact that there was collinearity between covariates that typically show no
correlation with one another. Age, for example, correlated strongly with
race/ethnicity (R2 =.132, p =.001). Large amounts of missing values in the
triglyceride categories, some of the phytoestrogens, and LDL also resulted in
much exclusion and undoubtedly may have dampened the associations these

variables have with PSA as independent variables and covariates.

Moving forward, one could make a major contribution to the scientific field of PCa
by examination and improvement upon this study. By performing a large long
term prospective cohort, case-control, or an interventional randomized
prospective clinical trial of increased dietary phytoestrogen versus a normal

diet.,.. The issue of the missing data would definitely need addressing for further
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improvement as well as selection of a wider pool of participants to account for

missing data while maintaining representative quality.

The results of this study in the face of such strong evidence*® supporting the
hypothesis in addition to the biological basis and possible mechanism laid out
behind phytoestrogen’s activity only goes to further indicate that more research is

necessary.
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