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Abstract
Purpose—Epidemiological data are conflicting regarding the association between androgenetic
alopecia (AA) and prostate cancer (CaP). We examined the relationship between these two
conditions.

Materials and Methods—We performed a case-control study at a Veterans Affairs Hospital
among 708 men: 312 healthy controls, 167 men with CaP, and 229 men without CaP on prostate
biopsy. Participants were asked to self-describe hair patterns at ages 30, 40 and at study
enrollment. We tested the association between hair pattern (overall, vertex or frontal) and CaP
status using logistic regression analysis adjusting for multiple clinical features. Disease grade was
similarly examined as a secondary outcome.

Results—Relative to healthy controls, younger age of AA onset was significantly associated
with increased CaP risk (p=0.008). Similar patterns were noted for frontal (p=0.005) and not
vertex balding (p=0.22). When compared to biopsy negative men, a similar pattern was seen with
younger age of AA onset having higher risk for CaP, though this was not significant (p=0.07). A
suggestion for younger age of AA onset for frontal (p=0.07) being associated with CaP vs. biopsy
negative men was also observed. Overall balding (yes/no) was associated with > 2-fold increase of
high-grade disease (p=0.02).

Conclusions—Men reporting earlier AA onset were at increased CaP risk and suggestively had
more aggressive disease. Contrary to other studies, frontal balding was the predominant pattern
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associated with elevated CaP risk. Further study is required to confirm these findings in a larger
sample and to better understand the role of AA, androgens, and CaP biology.

INTRODUCTION
Prostate cancer is considered a hormonally-linked cancer, though to date, most studies have
failed to show an association between serum androgen levels and prostate cancer (CaP) risk.
(1, 2) As such, the role of androgens in prostate cancer development is unclear. However,
serum testosterone levels may not correlate with androgenic activity within the prostate,
stressing the importance of understanding intra-prostatic androgen activity. (3, 4) Thus,
alternative approaches to studying the association between androgen activity and prostate
cancer risk are needed. One such approach is to study androgenetic alopecia (AA). AA is a
phenotype which results from the interplay between genetic susceptibility and androgenic
activity. (5, 6) AA is associated with increased androgen activity in the skin/hair follicle
resulting in increased quantitative and qualitative hair loss. (7) Moreover, AA is a highly
prevalent condition which increases with age and indeed the age-specific prevalence of AA
is very similar to the age-specific prevalence of CaP. (5, 7) Already shown to be related to
benign prostatic hyperplasia, AA also is speculated to be related to androgen activity within
prostatic tissue. (8) Indeed, one common treatment for AA is finasteride, a 5 alpha-reductase
type-2 inhibitor, which has also been shown to decrease CaP risk. (9, 10) Prior studies are
conflicting as to whether AA is associated with increased risk of CaP. (11–18) Several, but
not all studies found an increased risk of cancer diagnosis in men with AA, specifically men
with vertex balding patterns. (11, 12) Also, only two prior studies have examined AA and
grade of disease with conflicting results. (12, 17) Thus, we studied a multi-ethnic cohort of
Veterans in an effort to describe the association between hair patterns, CaP risk, and grade
of disease.

MATERIALS AND METHODS
Patients

After obtaining institutional review board approval, 1,904 male patients (controls n=992 and
men undergoing biopsy n=912) were screened to participate in a prostate cancer case-control
study between January 2007 and August 2011 at the Durham Veterans Administration
Hospital (DVAMC) in Durham, NC. Controls were male veterans seen at the DVAMC with
no prior history of prostate cancer who had a PSA measurement within one year of
enrollment and were not recommended to undergo a biopsy. There were no other inclusion
or exclusion criteria and thus we did not try to individually match cases and controls for any
specific characteristics. Cases were men scheduled for a prostate needle biopsy at the
DVAMC due to concerns for prostate cancer: typically an elevated PSA and/or suspicious
digital rectal examination (DRE). Of the 1,904 potential participants, a total of 1,195
participants provided written consent and completed the in-person interview (controls
n=472; men undergoing biopsy n=723). Participants were measured for heights and weights,
and also were given a personal history questionnaire which elicited information on hair
balding patterns as well as family history of prostate cancer in any first or second degree
relative. They were asked to complete the document either in person at their study visit or at
home at their convenience and return it to the study coordinator at the DVAMC in a
provided pre-addressed, postage-paid envelope. The goal was to have the biopsy subjects
return their questionnaire before they knew the results of the biopsy to minimize recall bias.
Of the 1,195 consented participants, 747 (313 healthy controls and 434 biopsied subjects)
completed the section of the questionnaire pertaining to hair patterns (response rate of 63%).
Of these men, 38 patients were excluded from analysis for missing data points pertaining to
BMI, PSA, DRE, and family history of CaP for a study population of 708 patients. For men
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undergoing biopsy, DRE findings, cancer status, and Gleason grade were abstracted from
medical records.

To assess hair baldness patterns, participants were shown a modified version of the
Hamilton Scale of Hair Balding Patterns Modified by Norwood (HSB). (18) The HSB is a
series of 12 view pairs of balding hair patterns from superior and lateral viewpoints. Each
view pair is representative of a different pattern of hair baldness (fig.1). Patterns
demonstrated were non-balding (1, 2), frontal (3, 4, 5, and 10), vertex (6), and combination
of both vertex and frontal balding (7, 8, 9, 11, and 12). Participants were asked to evaluate
their hair patterns at age 30, age 40, and at time of study enrollment (current).

Statistical analysis
Participants were categorized for both frontal and vertex baldness separately as either bald
or not bald at each location. HSB scores 1 and 2 were considered not bald for both frontal
and vertex. HSB scores 3, 4, 5, 7, 8, 9, 10, 11, and 12 were considered frontal bald. A score
of 6, 7, 8, 9, 11, and 12 were considered vertex bald.

The distribution of clinical characteristics and hair balding patterns was compared across the
three study populations (i.e. control, biopsy positive, or biopsy negative) using the Kruskal-
Wallis test and x2 analysis for continuous and categorical variables, respectively. Our
primary outcome was to explore whether onset of AA independently predicted risk of cancer
relative to healthy controls or men with a negative biopsy. To accomplish this we used two
separate unconditional multivariate logistic regressions: one relative to healthy controls and
one relative to biopsy-negative men. In both models we adjusted for age (continuous), race
(black vs. non- black), and body mass index (BMI; continuous after logarithmic
transformation, kg/m2). In the model examining biopsied subjects, we also controlled for
DRE (suspicious vs. not suspicious for cancer), PSA (continuous after logarithmic
transformation), and family history of CaP (any first or second degree relative affected).
Among biopsy-positive men, we compared the association between onset of AA and high
grade disease (biopsy Gleason score ≥7 vs. ≤6) using x2 analysis. Using a multivariate
logistic analysis, we investigated if balding patterns independently predicted high-grade
disease among men with cancer, mutually adjusting for PSA, BMI, DRE, age, and race. To
test for trend, age of AA onset was treated as a continuous variable with men reporting being
bald at age 30 assigned a value of 30, men reporting being bald at age 40 but not age 30
assigned a value of 40, and men reporting being bald at study enrollment, but not age 30 or
40 assigned a value equal to their age at study enrollment. Men who reported themselves as
non-balding ever were arbitrarily assigned an age of AA onset of 80 years old. Given
concerns how this arbitrary selection may influence our analyses, a sensitivity analysis was
conducted assigning age of AA onset for non-balding men to 90 and 100 years of age. Our
results remained consistent regardless of designated age of AA onset for non-balding men.
Similarly, when non-bald men at study enrollment were excluded entirely, the magnitude of
the associations between AA and CaP risk were largely unchanged, though due to the
removal of over a third of the population, our power was reduced and the associations were
no longer statistically significant. Thus, we used age 80 in all analyses for p-trend
calculations. Finally, as our population included a large percentage of black men we
explored whether race was a modifier in our analyses. Given that we found no significant
interactions between race and AA and any of the outcomes examined (data not shown), data
from the races were combined for analyses. All statistical analyses were performed using
STATA version 11.1 (StataCorp, College Station, Texas) with p<0.05 defined as significant.
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RESULTS
Demographics

Clinical and pathological characteristics for all study participants are presented in Table 1.
Median age for all men was 62.4 years old, with no significant difference among the three
study groups (p=0.08). Approximately 42% of participants reported their race as black.
Black men were more likely to have cancer on biopsy than non-black men (p<0.001). The
median BMI for all participants was 30.2 kg/m2, with healthy controls having significantly
higher BMI than biopsied men (p=0.002). Among men with cancer upon biopsy, 74 (44%)
had high-grade disease defined as a Gleason score ≥7.

Across all 3 study populations, 267 men (38%) reported never being bald (table 2). We
observed a larger proportion of biopsy positive men reported early onset of hair loss (age 30)
relative to both healthy controls and biopsy negative men (28% vs. 22% vs. 24%), though
this only approached significance (p=0.07). Furthermore, when examining hair loss patterns
separately, there was a suggestion that men with cancer on biopsy were more likely to report
early frontal (26% vs. 21% vs. 18%, p=0.054) or vertex (11% vs. 10% vs. 9%, p=0.08)
balding versus healthy controls and biopsy negative men.

Relative to men who reported hair loss, men who were never bald were younger (p<0.001,
table 3) and had lower serum PSA values (p=0.03) at study enrollment.

Cases vs. controls
Relative to healthy controls, earlier age of AA onset was significantly associated with
increased risk of CaP (p-trend=0.008, table 4). When each age of AA onset was examined
separately, men who reported onset of balding at ages 30 and 40 had 88% and 66%
increased risk of CaP, though this was significant only for balding at age 30. Onset of
balding at study enrollment was not associated with CaP risk (p=0.54). When balding was
analyzed according to vertex or frontal balding, early onset of frontal (p-trend: 0.005) and
not vertex balding (p-trend: 0.22) was associated with CaP risk.

Cases vs. biopsy negative men
Relative to biopsy negative men, earlier age of AA onset was associated with increased risk
of CaP, though this did not reach statistical significance (p-trend=0.07, table 5). However,
when each age of onset was examined separately, no specific age of onset was significantly
associated with risk of CaP (p≥0.12). There was a suggestion that earlier age of frontal (p-
trend= 0.07) but not vertex (p-trend=0.40) was associated with increased CaP risk relative to
biopsy negative men.

High-grade disease
Among the 167 men with cancer on their biopsy there were limited men within each age of
onset category and thus AA was examined as being bald at study enrollment or not. In
general, being bald at study enrollment was associated with a 139% increase risk of high-
grade disease (p=0.02, table 6). When frontal and vertex balding patterns were examined
separately, we continued to observe a suggestion that being bald at the time of study
enrollment was associated with a >1.5-fold increased risk of Gleason 7 or higher on biopsy
(p≤0.06) relative to a Gleason 6 or lower, though this only reached statistical significance
for frontal baldness (p=0.03).
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DISCUSSION
Despite its categorization as an androgen-linked malignancy, the majority of studies have
shown null or weak associations between serum androgen levels and CaP risk. (19–21)
However, as serum levels may not reflect intra-prostatic levels nor androgenic activity, and
as there is no easy method to assess intra-prostatic androgenic activity, there is a need to
study alternative measures of androgen activity and their relationship to CaP risk, such as
AA. In a multi-ethnic cohort of veterans, we found that earlier age of AA onset was
associated with a significantly increased CaP risk relative to healthy controls. Similar trends
were noted for frontal and vertex balding, though frontal balding was more strongly linked
with CaP risk. Among men with CaP, we found that balding in general, regardless of age of
onset was linked with high-grade disease. If these findings are validated in future studies,
this would imply that earlier age of AA onset may be a CaP risk factor. Whether this
represents shared pathophysiology, presumably related to androgen activity, or is a non-
causal association requires further study.

AA is a common dermatologic condition with an age-specific prevalence similar to that of
histological CaP in that 30% of men report hair loss at 30, 60% at 60, and 80% by age 80.
(5, 7, 22) The hair loss seen in AA is a result of increased hair follicle sensitivity to
androgens, specifically dihydrotestosterone (DHT), which alters the hair growth cycle such
that hair density and quality are adversely affected. (22, 23) Polymorphisms in the androgen
receptor gene which lead to increased receptor activity as well as higher expression of the 5-
alpha-reductase-type 2 enzyme which promotes conversion of testosterone to its more
biologically active form DHT, are thought to be important in the development of AA. (21,
24) As such, AA is often viewed as a marker of increased androgenic activity. Given the
androgen dependency of CaP, there is great interest in further understanding the relationship
between androgen activity and CaP risk. As such, it is not surprising that several studies
have examined the association between AA and CaP. (11, 14)

Several prior studies found that AA in general was either associated with a significantly
increased CaP risk, or a trend towards increased risk, which was predominantly due to the
risk associated with vertex baldness. (11, 12, 14, 17) Our results are in part consistent with
these prior reports in that we also found earlier onset of overall balding to be associated with
increased CaP risk relative to healthy controls. Thus, AA, especially early onset, does appear
to perhaps be a risk factor for CaP. However, contrary to these prior studies, we found that
the increased overall risk was more strongly linked to frontal baldness than vertex baldness
as reported by prior studies. The pathophysiological differences between frontal and vertex
balding are unknown. As such, it is impossible to speculate why in our study frontal balding
was more strongly associated with CaP risk compared to vertex baldness in prior studies.
(12, 16) Interestingly, similar discrepancies arose when studying the association between
AA and cardiovascular disease – a pathology similarly linked to androgens. (25, 26) While
there is agreement that AA is associated with myocardial infarction and other adverse
cardiovascular pathology, no consensus has been reached as to whether vertex or frontal
balding is the dominant risk factor. (25, 27) In the future, as the pathophysiologies of vertex
vs. frontal baldness become better understood, these distinguishing characteristics may shed
additional light on potential mechanisms linking AA and CaP.

To our knowledge, only two previous studies have examined onset of AA and disease
aggressiveness and demonstrate conflicting results. Where Yassa et al. found a null
association between AA and high-grade disease, Giles et al. observed trends for increased
risk of aggressive disease with earlier age of AA onset, specifically with the vertex hair loss
pattern. (12, 17) Similar to Giles et al., we found AA was associated with > 2-fold increase
in risk of aggressive disease. However, in this cohort of veterans, risk of aggressive disease
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did not appear pattern specific. Regardless of whether the associations are due to vertex or
frontal – a point which requires further clarification – the finding that AA in general, which
is associated with increased androgenicity, is perhaps associated with more aggressive
cancers suggests a potential role for prolonged exposure to elevated androgens in the
etiology of aggressive CaP. Ultimately, further studies are needed to validate our findings
and ultimately better address this important issue.

Our study was limited by the small number of participants. Thus, these findings require
validation in external datasets. Unfortunately a sizable percentage of men refused to
participate in our study. As we did not keep information on these men, we are unable to
compare the men who did and did not participate and as such are unable to comment on any
selection bias this may have created. Furthermore, though we adjusted for major known
confounders for which we had data available, it remains possible that residual confounding
could account for our results. It is possible that some of our controls had CaP which would
bias our results toward the null. Thus, our findings may actually underrepresent the true
association between baldness and CaP risk. We relied on self-reported baldness to assess
balding status from decades prior. However, the agespecific baldness prevalence in this
study mirrors the prevalence in the general population. (7) Moreover, men were asked their
hair patterns prior to biopsy minimizing bias between biopsy positive and negative men.
Also, prior studies have shown this approach is a valid means to assess hair balding patterns.
(28, 29) In addition, we studied androgenic alopecia and not other types of alopecia. The
link between other types of alopecia and CaP risk remains to be tested. Lastly, we studied
baldness. Thus, though prior studies do indeed strongly suggest a link between AA and
androgenicity, AA has also been linked with insulin-like growth factor levels, which is also
related to CaP risk. (30, 31) Thus, whether the association between AA and CaP is mediated
through androgens, some other mechanism, or has no biological basis and is purely
coincidental can only be addressed in further studies.

In conclusion, our results add to the body of evidence supporting that earlier onset AA –
especially frontal balding – is associated an increased risk of CaP diagnosis. In addition,
AA, regardless of pattern was linked with high-grade disease among men with CaP. Our
findings require validation as well as further study to assess to what degree age of AA onset
and androgenicity may or may not jointly influence CaP development.
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Fig. 1.
Hair Balding Patterns adapted from Demark-Wahnefried et al., 2000
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