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Abstract

Purpose—Male pattern baldness (MPB) and prostate cancer (PCa) share commonality as
prevalent, heritable and androgen-related conditions. Studies exploring the relationship between
the two conditions have been inconclusive. Using a population-based, case-control study of PCa,
we explore the relationship between early onset MPB and PCa risk.

Methods—Cases were men aged 35 — 74 diagnosed with PCa between 2002 — 2005 in King
County, Washington. Controls were frequency matched by age and identified by random digit
dialing. Hair pattern at age 30 and at 1 year prior to diagnosis (cases) or reference date (controls)
was determined using showcards. PCa risk associated with balding was assessed with logistic
regression.

Results—Data from 999 cases of PCa and 942 controls were analyzed. Hair loss at age 30 was
more common in controls (25.2%) than cases (19.8%, p = 0.005), and those with hair loss at age
30 had a 29% relative risk reduction for PCa (OR 0.71, 95% CI1 0.56 — 0.91). No risk reduction
was seen for men only reporting hair loss at referent age (OR 0.90, 95% CI1 0.73-1.12). In men
aged > 60 at referent date, the risk reduction was greater for men with hair loss at age 30 from
both the top of head and forehead (OR 0.55, 95% CI 0.33 — 0.93).

Conclusion—Early onset MPB was associated with a reduced relative risk of PCa in this
population-based study. Further research into a possible mechanistic link between these prevalent
and androgen-related conditions is warranted.
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Introduction

Male pattern baldness (MPB) is a highly prevalent condition closely related to a man's age.
By age 30, approximately 25% — 30% of men will have MPB. By age 50, the prevalence is
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50% and reaches nearly 80% by age 70.1 MPB is heritable?, is a complex androgen-
regulated process that requires the potent testosterone metabolite dihydrotestosterone
(DHT), and has been shown to occur with increased frequency in men with specific
polymorphisms in the androgen receptor gene (AR).3-6 Moreover, DHT levels are higher
within the hair follicles of men with MPB?, while inhibition of DHT production slows the
progression of MPB.8 Prostate cancer (PCa) shares some similarities with MPB. PCa is also
heritable with age-dependent prevalence of histologic PCa of 20% — 30% for men in their
50s and up to 80% for men in their 70s.2 Androgens are required for prostate development
and homeostasis while alterations in androgen metabolism and DHT production appear to
affect subsequent PCa risk.10 Given the similarities between MPB and PCa risk, these
entities may share underlying etiologic factors.

Several studies have explored the relationship between MPB and PCa risk.11"14 Results
from these analyses have been conflicting with increased!3: 14 or no alteration in risk11: 12
observed. These discrepant findings may be affected by small sample sizes in studies with
inadequate power and inconsistent exposure assessment (e.g., not measuring age of onset of
MPB). If MPB was associated with PCa, early assessment of male hair distribution might
provide a non-invasive method to identify at-risk individuals. Therefore, we used a
population based case-control datset to evaluate the relationship between early-onset MPB
(at age 30) and PCa risk.

Study participants

The study population consists of participants in a population-based case-control study of
PCa. Details of the study participants and data collection have previously been described.1®
Briefly, cases were residents of King County, Washington with histologically confirmed
PCa ascertained from the Seattle-Puget Sound SEER cancer registry diagnosed between
January 1, 2002, and December 31, 2005. Of those eligible men identified, 75% (n = 1,001)
agreed to participate. Male residents of King County, Washington with no history of PCa
were identified as a comparison group using one-step random digit telephone dialing with a
clustering factor of five residences per sampling unit. Controls were frequency matched to
cases by five-year age groups, and recruited evenly throughout the ascertainment period for
cases. During the first step of random digit dialing, complete household census information
was obtained for 81% of the 24,106 residential telephone numbers contacted. Of eligible
control men who were identified, 63% (n = 942) completed the study interview.

Data Collection

Subjects completed in-person interviews conducted by trained interviewers. Information
regarding demographic and lifestyle factors, medical and family history, and PCa screening
in the previous 5 years (PSA and DRE) was collected. Subjects were asked questions about
their hair pattern one year prior to age at reference date (date of diagnosis for cases and a
randomly assigned date that approximated the distribution of cases' diagnosis dates for
controls) and given show cards with different natural hair patterns (Figure 1). Subjects were
also asked to describe their natural hair pattern at age 30 (little or no hair loss; loss at
forehead only; loss at top of head and forehead). Subjects were asked about any use of
finasteride (Proscar and Propecia), androgens and drugs which might interfere with
androgen metabolism (anabolic steroids, ketoconozale and spironolactone).

Statistical Analysis

In the primary analysis, 3 categories of hair pattern were created: little or no hair loss; any
hair loss at age 30; and any hair loss at one year before referent age (with no hair loss
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reported at age 30). A second model was created with 5 hair pattern categories with “little or
no hair loss” as the referent category and the other two hair patterns were evaluated
independently within each age period assessed (age 30 and at referent age minus one).

The risk of PCa by hair patterns was evaluated with unconditional logistic regression. All
models were adjusted for age (categorized in five-year age groups) as cases and controls
were frequency matched by five-year age groups. A multivariate model was created
adjusting for race, PSA screening history, family history of PCa, body mass index (BMI),
and use of finasteride. We also evaluated as potential confounders a reported diagnosis of
benign prostatic hyperplasia (BPH) or infertility and use of other medications that affect
androgen levels (anabolic steroids, androgens, ketoconozale and spironolactone), however
these did not alter the risk estimates significantly and were not included in the final model.
A subset analysis was performed for men aged 60 or older at reference date to represent
those with 30 years of “exposure” to their hair patterns at age 30. Odds ratios (OR) are
presented along with 95% confidence intervals (95% CI). Polytomous regression was used
to calculate risk estimates by disease aggressiveness (controls, less aggressive cases, more
aggressive cases). Disease aggressiveness was based on a composite variable incorporating
Gleason score, stage and PSA where more aggressive cases were defined by a Gleason score
of 7(4+3) or greater, or non-localized stage, or PSA > 20 ng/mL at time of diagnosis. All
statistical analyses were conducted using Stata software, Version 8 (Stata, Inc., College
Station, TX).

A total of 1,001 cases of incident prostate cancer and 942 controls were available for
analysis. Two cases were missing hair pattern data: one case at age 30 and one case at one
year before referent age. Both were excluded from the analysis. In Table 1, the distributions
of various characteristics for cases and controls are shown for those with (a) no hair loss, (b)
hair loss at age 30, and (c) hair loss at referent age minus one, but no hair loss at age 30.
Early onset hair loss at age 30 was more common in Caucasians. For those reporting
baldness only at one year before referent date, there was a trend of increasing hair loss
reported with increasing age (Pyeng < 0.001). 99% of men reporting hair loss at age 30 also
reported hair loss at the referent age minus one. Approximately 55% of cases and controls,
respectively, reported any hair loss in their 50s. For cases and controls aged 65 years or
older, 66% and 74% reported any hair loss, respectively (data not shown).

The mean age of PCa diagnosis in those without any hair loss reported was 60.2 (sd 7.9),
which is similar to the mean age of those with hair loss at age 30 (mean age 60.8, sd 8.1).
However, men who did not report early onset hair loss, but did report hair loss the year
before referent date, were older at diagnosis (mean age 63.0, sd 7.4). This mean age was
significantly higher than the mean age at diagnosis for the other two groups (both p-values <
0.001).

Table 2 shows the frequencies of MPB in cases and controls. Any hair loss by age 30 was
reported in 19.8% of cases and 25.2% of controls (p = 0.005). Of PCa cases with hair loss
reported at age 30, 64% had hair loss at the forehead only and 36% had hair loss at the top of
the head and forehead. Controls reporting hair loss at age 30 had loss at the forehead only in
74% and loss at the top of head and forehead in 26%. In contrast, hair loss at referent age
only did not differ significantly between cases (41%) and controls (39%).

Table 2 also shows the results of the logistic regression. In the multivariate model, men with
any significant hair loss at age 30 had a 29% risk reduction (OR 0.71, 95% CI 0.56 — 0.91)
for PCa compared to those with no hair loss; whereas no difference in risk was seen in those
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with hair loss only at one year before referent age (OR 0.90, 95% CI1 0.73 — 1.12). The
relative risk reduction was greater when the analysis was restricted to men over the age of
60 years at reference date, with an approximately 40% reduction in the relative risk of PCa
(OR 0.63, 95% CI 0.45 — 0.90) in men with early onset baldness. In the second multivariate
model with “hair loss at forehead only” and “loss at top of head & forehead” considered
separately, a 31% reduction in PCa risk was seen in those with “loss at forehead only” (OR
0.69, 95% CI 0.52 — 0.92). There was a non-significant reduction in the relative risk of PCa
for those with “loss at top of head & forehead” at age 30 (OR 0.75, 95% CI1 0.52 — 1.07). In
the subset analysis of men over the age of 60 years at reference date, a 45% reduction in the
risk of PCa was seen in those with “loss at top of head & forehead” compared to those with
little/no hair loss (OR 0.55, 95% CI 0.33 — 0.93).

In the multivariate polytomous model, the relative risk reduction was present for both less
aggressive and more aggressive PCa. Compared to those with no hair loss, men with any
significant hair loss at age 30 had a reduction in the risk of less aggressive (OR 0.74, 95%
Cl 0.56 — 0.97) and more aggressive (OR 0.65, 95% CI 0.56 — 0.94) PCa. There was no
difference between these risk estimates (p = 0.53).

Discussion

In this population-based, case-control study, we found that early onset MPB was associated
with a reduced relative risk of PCa. These conditions share some similarities, including a
high prevalence, age dependence, and association with androgens, as well as having an
inherited susceptibility component. Despite these commonalities, limited research has been
conducted to explore the relationship between MPB and subsequent risk of developing PCa.
We found that early onset MPB was associated with a lower estimated relative risk of PCa.
In our subset analysis of men aged 60 or older at the reference date, such that they would
have the longest period of exposure reflected by early onset MPB, we observed a greater
decrease in the relative risk (47% reduction) for men with loss of hair at the top of the head
and forehead compared to those with loss of hair at the forehead only (35% reduction in
risk). Our findings, if replicated, may provide an opportunity for adding this easily
identifiable phenotypic trait of MPB to the risk stratification for PCa.

A small number of studies have explored the relationship between MPB and PCa risk
showing either an increased relative risk'3: 14 or no effect!l: 12 on PCa risk in men with
MPB. In a large case-control study of PCa from Australia, vertex balding was associated
with a 50% increased relative risk of PCa.13 However, the investigators assessed MPB at the
time of study entry (56% of cases and 57% of controls were over the age of 60) such that the
prevalence of MPB was 77% and 75% in cases and controls, respectively. Given the long
latency of prostate cancer and the presumed related effects of the androgen pathway in the
pathogenesis of MPB and PCa, assessment of early-onset MPB may be a more relevant
measure to evaluate for its potential association with subsequent PCa, which has a median
age at diagnosis of 68 years.1® A study of MPB and PCa from the NHANES | cohort
assessed MPB at study entry and followed participant for 18 years, finding an increased risk
of PCa in men reporting MPB at study entry.14 However, given the wide range of ages of
participants at entry, there was no standard baseline age assessment of exposure for the
group and 50% were assessed at ages > 55. In our study, when looking at a comparable
assessment time (age one year prior to reference date), we found no association between
MPB and PCa risk (OR 0.95, 95% CI1 0.77 — 1.16).

The relationship between androgens and MPB is clearly complex. Based on published data,
30% of men by age 30 have MPB.1 Similarly, in our control group, 25% reported early onset
(age 30) MPB. Approximately 50% of controls in their 50s and 75% of men > 65 years of
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age reported baldness one year prior to reference date, which also agrees with published
data.! Thus the prevalence of MPB increases with age, while androgen levels are gradually
falling.1” Yet androgens, particularly DHT, appear to have a critical role in the development
of MPB. Inhibition of 5a-reductase type 11, one of two isozymes responsible for the
conversion of testosterone to DHT, slows the progression of, and in some cases partially
reverses, MPB. The relative risk of MPB has been associated with specific polymorphisms
in the AR gene in some studies® 4 and with polymorphisms in the gene encoding 5a-
reductase type 11.18 Biopsies of balding scalps showed elevated levels of both type | and |1
5a-reductase enzyme expression and AR by immunohistochemistry compared to non-
balding regions of the scalp.1® Similarly, frontal/vertex scalp and hair levels of DHT are
higher in balding men compared to controls’: 20 and treatment with finasteride decreases
scalp DHT levels.21: 22 However, new evidence supports the concept that androgens may
not be the only contributor to MPB. Two recent genome-wide association studies of MPB
found a susceptibility locus in a coding region on chromosome 20p11,: & suggesting that a
yet unidentified, perhaps androgen-independent pathway, may play a critical role in MPB.

The relationship between androgens and PCa is also complex. Maintaining an intact and
functional androgen signaling axis is necessary for differentiation of prostate epithelium.23
DHT is the dominant androgen within the prostate and binds the AR with higher affinity
than testosterone.24 The relationship between DHT, prostate homeostasis and MPB can be
assessed indirectly from studies of men with 5a-reductase deficiency. These men have small
prostates and they do not develop MPB or PCa.2%: 26 |n addition, men with enlarged
prostates given 5a-reductase inhibitors (i.e., finasteride) experience a reduction in prostate
size and increased scalp hair.8: 27 A few investigators have explored the relationship
between benign prostatic hyperplasia (BPH) and MPB and found higher rates of MPB in
men with larger prostates.28: 2% Moreover, multiple studies have failed to find an association
between circulating androgen levels and the risk of PCa 30-32 and, like MPB, PCa cancer
incidence increases directly with age and is most frequent in men > 65 years of age, when
androgen levels are at their lowest since puberty even in otherwise healthy older men.1’

There are a number of possible explanations for the apparent contradiction between the
effects of 5a -reductase inhibitors, which treat both MPB and BPH presumably by lowering
DHT levels, and the results presented here showing an inverse relationship between MPB
and risk of PCa. First, our findings are consistent with those of Hayes et al. who found that
an allelic variant of the 50 -reductase type Il gene was associated with an increased relative
risk of PCa and a decreased relative risk of MPB,18 suggesting that the expression of these
isozymes might have tissue-specific effects. Secondly, while treatment with a 5a-reductase
inhibitor has modest effects on serum hormone levels, within the prostate it not only lowers
DHT but raises testosterone concentrations 7 to10-fold.33 Thus, tissue-specific effects on the
hormonal environment, or tissue specific coactivators/repressors of androgen action might
play a role in determining the impact of hormonal manipulation within a given tissue
microenvironment. Finally, tissue-specific, non-androgen regulated processes likely play a
role in MPB and the development of PCa.

Our study has a number of strengths in comparison to some prior studies of MPB and PCa,
namely improved power to evaluate MPB, avoidance of the potential biases of some study
designs, and use of a consistent exposure measurement of early-onset MPB (at age 30).
However, there are limitations that should be considered, including the potential for recall
and selection bias. Men at the reference date were asked to recall their natural hair pattern at
age 30 and misclassification is possible. However, 30% of men from other studies reported
early onset (age 30) MPB similar to the frequency reported in our controls (25%). In
addition, self-reported MPB may be less reliable than that determined by trained personnel,
but self-assessment of both current and retrospective hair patterns has been found to be
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reliable.34 Yet, recall bias cannot be excluded and photographs of participants at age 30 to
confirm their hair pattern were not available. The prevalence of self-reported finasteride use
(either as Proscar or Propecia) was 3.0% and 2.4% in cases and controls, respectively. This
may represent underreporting of use which could alter the risk estimates considering the
effects of finasteride on both MPB and PCa. However, in a separate analysis of a subset of
this study population that was designed to validate use of statin medications, there was 87%
agreement between self-reported use and computerized pharmacy records.1® Finally,
although participation levels were 75% for cases and 63% for controls, we cannot exclude
the possibility of selection bias such that those who agreed to be in the study had different
hair patterns than those who chose not to participate.

In conclusion, in this population-based, case-control study of PCa, we found early-onset
MPB (at age 30) to be associated with a statistically significant 28% to 39% reduction in the
relative risk of PCa. If our findings of an inverse association between these two common,
androgen-related male conditions are confirmed, the easily identifiable phenotypic trait of
early onset MBP may assist in the identification of men at lower risk for subsequent PCa.
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NATURAL HAIR PATTERN

e

1 Little or no hair loss

2 Loss at forehead only

3 Loss at top of head and forehead

Figure 1.
Showcard used for participants to identify their natural hair pattern at age 30 and at one year
prior to referent age.
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