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Objective: To evaluate the relation between serum total testosterone (TT) and
prostate cancer (PCa) grade and the effect of race and demographic characteristics
on such association.
Method: We analyzed 695 patients undergoing radical prostatectomy (RP), of
whom 423 had serum TT collected. Patients were classified as having hypogonadism
or eugonadism based on two thresholds of testosterone: threshold 1 (300 ng/dL)
and threshold 2 (250 ng/dL). We evaluated the relation between TT levels and a
Gleason score (GS) ≥ 7 in RP specimens. Outcomes were evaluated using univariate
and multivariate analyses, accounting for race and other demographic predictors.
Results: Out of 423 patients, 37.8% had hypogonadism based on the threshold 1
and 23.9% based on the threshold 2. Patients with hypogonadism, in both
thresholds, had a higher chance of GS ≥ 7 (OR 1.79, p=0.02 and OR 2.08, p=0.012,
respectively). In the multivariate analysis, adjusted for age, TT, body mass index
(BMI) and race, low TT (p=0.023) and age (p=0.002) were found to be independent
risk factors for GS ≥ 7. Among Black individuals, low serum TT was a stronger
predictor of high-grade disease compared to White men (p=0.02).
Conclusion: Hypogonadism is independently associated to higher GS in localized
PCa. The effect of this association is significantly more pronounced among Black
men and could partly explain aggressive characteristics of PCa found in this race.
Keywords: prostate cancer, hypogonadism, testosterone.

Introduction
Prostate cancer (PCa) is the second most common cancer
in males in western countries1 and the known risk factors
are age, diet, race and family history.2 The relationship
between PCa and testosterone was first described by Huggins over 70 years ago3 and has become controversial as
accumulated evidence demonstrating potentially opposing effects of androgens on cancer.4-6 Testosterone is vital
for normal development and growth of the prostate and,
conversely, androgen deprivation therapy in metastatic
PCa significantly decreases symptoms and disease progres-

sion. On these grounds, high levels of testosterone are
believed to increase the risk of developing PCa. However,
epidemiological investigations failed to demonstrate such
association.7 Morgentaler et al.8 reported a high prevalence
of PCa among asymptomatic men with low levels of total
and free testosterone. This was the first study to show
that low testosterone levels do not provide protection to
the development of PCa.
Attention has also been drawn to the effect of testosterone on the histological grade of PCa, with a number of studies suggesting that low serum total testoster-
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one (TT) may be associated with higher-grade disease.
Park et al.9 retrospectively evaluated 681 patients undergoing prostate biopsy and found an independent association between laboratorial hypogonadism, defined as
TT below 300 ng/dL, and high-grade PCa at biopsy. Studies performed in patients presenting PCa with clinically
localized disease treated with radical prostatectomy (RP)
also demonstrated that low levels of TT preoperatively
were associated with more aggressive disease based on
higher pathological stage, positive surgical margins and
Gleason score (GS).10,11 However, an independent association has not been uniformly demonstrated in all investigations.12,13 Most studies have been performed in
Caucasian and Asian populations, yet without specifying
the effect of demographic characteristics on the association between TT and higher-grade PCa. Possible explanations for the inconsistency between existing studies include demographic variability, variable cutoffs for
hypogonadism and biased samples.
The purpose of our study was to evaluate if serum TT
levels are associated with higher-grade PCa and to evaluate the effect of race and other demographic predictors
in this association in a multiethnic population.

Fisher’s exact test was used to evaluate associations
between binomial variables. To compare means between
groups, we used the t-Student test for independent samples with normal distribution or the nonparametric
Kruskal-Wallis when appropriate. We evaluated the relation between TT and pathological findings such as: pathological stage, GS and positive lymph nodes. Multivariate
analysis considering age, body mass index (BMI), TT and
race was performed for the outcomes of interest. A linear
regression model was used to evaluate the relationship
between PSA and testosterone levels. All statistical analyses were performed using SPSS 20.0 (IBM Software).

Method
Institutional Review Board approval was obtained prior
to the beginning of investigations. We retrospectively
reviewed charts of 695 patients undergoing RP from
January 2010 to December 2011 at a single tertiary care
center. Patients who had TT levels measured from 6
months to 1 day before the surgery totalized 423 and were
included for analysis. If more than one TT measurement
was performed, levels obtained the closest to the surgery
were used. TT measurement was performed at the discretion of the attending physician; TT results obtained more
than 6 months prior to surgery were not included, which
caused a number of subjects to be excluded from analysis.
We studied the association between preoperative
serum TT levels and the pathological outcomes of the
surgical specimens. Only patients with clinically localized disease who underwent RP as treatment were included. Salvage radical prostatectomies were excluded
from analysis.

Results
Table 1 shows the clinical preoperative data for age, BMI,
testosterone levels and PSA. Table 2 depicts the pathological characteristics of patients according to race, age-adjusted Charlson comorbidity index, prostate-specific
antigen (PSA), TT levels (threshold 1 and threshold 2)
and pathologic evaluation of RP specimens. Of 423 patients, 37.8% had hypogonadism based on threshold 1
and 23.9% based on threshold 2.
On univariate analysis, patients with hypogonadism
had higher prevalence of GS ≥ 7 in RP specimens for both
thresholds. There was no difference between groups in
terms of rates of lymph node metastases and pathological
stage (Table 3 and Table 4). Considering the levels of TT
as a continuous variable, we observed that decreasing TT
levels were associated with a progressive increase in the
risk of having GS ≥ 7 (p-value = 0.0157). Levels of TT did
not correlate with levels of PSA on a linear regression
fashion (R square goodness-of-fit 0.0002; p=0.77).
On multivariate analysis, adjusted for age, TT levels,
BMI and race, only low TT levels (p-value = 0.0231) and
advanced age (p-value = 0.0018) were independent risk
factors for high-grade disease (Gleason ≥ 7).
In our data, Black men had a higher incidence of hypogonadism compared to Caucasians (p-value = 0.0103).
Variations of TT levels had a higher impact on predicting
high-grade disease (GS ≥ 7) among Black men compared
to White men (p=0.02) (Figure 1). We also observed that
obese patients had a higher prevalence of hypogonadism
compared to men with normal BMI (p-value < 0.001).

Statistical analysis
Patients were divided into groups of normal and low
testosterone based on 2 threshold levels for TT: threshold
1 (< 300 ng/dL vs. ≥ 300 ng/dL) and threshold 2 (< 250
ng/dL vs. ≥ 250 ng/dL). High-grade PCa was considered
as a Gleason score ≥ 7.

Discussion
We present the results of a retrospective assessment of
the association between serum testosterone levels and
PCa grade in a large Latin American cohort. In our results,
low TT was an independent predictor for high-grade PCa
among patients undergoing RP. This effect was signifi-
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TABLE 1 Characteristics of patients.
Variable

Results

BMI (Mean ± SD)

26.8±4.3

Age (Mean ± SD)

63.6±6.6

Testosterone (Mean ± SD)

380.0±183.2

PSA (Median, IQR)

13.0 (6.1-14.7)

BMI: body mass index; PSA: prostate-specific antigen; IQR: interquartile range; SD: standard deviation.

TABLE 2 Clinicopathological characteristics of the 423 patients included in the study.
Variables

Groups

N (%)

Race

Asian

3 (0.7%)

Pathological stage
Positive lymph nodes
Gleason score
Age-adjusted Charlson comorbidity score

PSA
Testosterone levels (threshold 1)
Testosterone levels (threshold 2)
Risk stratification (NCCN)

Caucasian

360 (86.3%)

Black

20 (4.8%)

Pardo (Brown multiracial)

34 (8.2%)

< T3a

291 (71.1%)

≥ T3a

118 (28.9%)

Absent

211 (95.0%)

Present

11 (5.0%)

<7

107 (25.4%)

≥7

314 (74.6%)

0

15 (3.7%)

1

90 (22.2%)

2

204 (50.4%)

≥3

96 (23.7%)

< 10

197 (53.4%)

≥ 10

172 (46.6%)

< 300

160 (37.8%)

≥ 300

263 (62.2%)

< 250

101 (23.9%)

≥ 250

322 (76.1%)

Low

50 (14.4%)

Intermediate

213 (61.4%)

High

84 (24.2%)

PSA: prostate-specific antigen.

TABLE 3 Comparison of pathological characteristics of patients with hypogonadism vs. eugonadism (classified using the
300 ng/dL threshold).
Testosterone levels
Variables

Groups

< 300

≥ 300

p-value

Pathological stage

< T3a

114 (73.1%)

177 (70.0%)

0.5744

≥ T3a

42 (26.9%)

76 (30.0%)

Absent

86 (93.5%)

125 (96.2%)

Present

6 (6.5%)

5 (3.8%)

<7

30 (18.9%)

77 (29.4%)

≥7

129 (81.1%)

185 (70.6%)

High/Inter

113 (88.3%)

184 (84.0%)

Low

15 (11.7%)

35 (16.0%)

Positive lymph nodes
Gleason score
Risk stratification (NCCN)

0.5319
0.0207
0.3422
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TABLE 4 Comparison of characteristics of patients with hypogonadism vs. eugonadism (classified using the 250 ng/dL threshold).
Testosterone levels
Variables

Groups

< 250

≥ 250

p-value

Pathological stage

< T3a

66 (68.0%)

225 (72.1%)

0.4438

≥ T3a

31 (32.0%)

87 (27.9%)

Positive lymph nodes

Absent

54 (90.0%)

157 (96.9%)

Present

6 (10.0%)

5 (3.1%)

Gleason score

<7

16 (16.0%)

91 (28.3%)

≥7

84 (84.0%)

230 (71.7%)

Risk stratification (NCCN)

High/Inter

69 (88.5%)

228 (84.8%)

Low

9 (11.5%)

41 (15.2%)

0.0733
0.0126
0.4688

1.0
0.9

P (Gleason score ≥ 7)

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0

200

400

600

800

1,000
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Testosterone
Black

FIGURE 1

Caucasian

Interaction between TT levels and race in predicting the risk of high-grade PCa. Among Black individuals, hypogonadism had a

stronger effect in predicting high-grade disease (p=0.038), although there was a similar trend among Caucasians (p=0.06). Both groups differed
significantly in this behavior (p=0.02).

cantly more pronounced among Black men, who also had
higher incidence of hypogonadism. These results may
reveal an underlying mechanism for higher-grade PCa
found in Black race, and may also partly explain inconsistencies between previous investigations regarding the
association between TT and PCa grade.
Although the response of metastatic PCa to androgen
deprivation therapy is well established, it is still controversial whether androgens are responsible for the initiation
of PCa. Age, one of the strongest risk factors for PCa, is
knowingly associated with a gradual decline in testosterone
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levels. However, that does not preclude a pathogenic role
for androgens, given the long preclinical phase of PCa. Yet,
multiple population-based studies have failed to show an
association of circulating testosterone, dihydrotestosterone
(DHT) or other sex steroids with PCa risk.14,15
The Endogenous Hormones and Prostate Cancer
Collaborative Group reviewed 18 prospective studies and
failed to demonstrate an association between endogenous
testosterone and PCa risk. Also, testosterone levels did
not correlate to PCa aggressiveness.5 Similarly, many studies have shown that testosterone replacement therapy
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(TRT) promotes limited changes in PSA levels when men
with hypogonadism are treated to normalize testosterone.
Morgentaler and Traish proposed a saturation model theory of testosterone and the prostate.16 According to
this theory, PCa is testosterone-sensitive at low testosterone levels, but after androgen receptors are fully occupied,
further testosterone increments have modest or no effect
on the prostate or PCa dynamics. This hypothesis is supported by studies in men on TRT showing modest or no
PSA increase after initiating testosterone injections, as
well as no increased risk for cancer.17,18
There are many reports on the role of testosterone
in predicting high-risk disease, although with contrasting results and employing different methodological
standards and outcomes. Schatzl et al. reported on a
higher risk for high-grade Gleason scores in men with
low serum testosterone among patients diagnosed with
PCA.19 Similarly, Pichon et al. showed, among subjects
undergoing RP for PCa, that lower testosterone levels
were associated with higher-grade PCa and with increased
risk of GS upgrading from prostate biopsy to specimens
from surgery.20 Park et al.9 demonstrated a correlation
between hypogonadism and unfavorable outcomes in
prostatic biopsies, such as increased incidence of GS ≥ 8.
Several studies, despite adopting different thresholds
for the definition of hypogonadism, have confirmed an
association between low testosterone levels and adverse
characteristics and outcomes for PCa, including higher
Gleason score, 21,22 higher pathological stage10,22 and increased risk for disease progression.23
However, a number of investigations failed to show
an association between low serum testosterone levels and
high-risk characteristics of PCa specimens. Salonia et al.12
found an association between androgens and higher risk
PCa that was not proven to be independent on multivariate analysis. Other studies showed no association,12,24
while Porcaro et al. suggest a direct relation between testosterone levels and Gleason score, a result that opposes
the findings described previously.25
In our study, we evaluated 423 patients and tested
two thresholds, 250 and 300 ng/dL, for the definition of
hypogonadism. We used pathological findings from RP
specimens in order to most accurately reflect tumor characteristics. In keeping with other reports, we found a
significant and independent correlation between low TT
levels (threshold 1 and threshold 2) and high-grade disease
(GS ≥ 7). We also analyzed the correlation between preoperative hypogonadism and pathological stage and the
presence of lymph nodes involved by the disease. This
relationship proved to be non-significant, although there

was a trend towards higher stage (≥ T3a) on threshold 2
and positive lymph nodes in both thresholds.
In our cohort, low TT levels were also significantly
associated with race and BMI characteristics. This resulted in a significant interaction between these variables
and the outcome of higher grade PCa. We hypothesize
that inconsistencies between previous studies on this
subject may be due to demographic variability between
cohorts, owing to the effect that interaction with race
may produce. We also hypothesize that low serum testosterone may be one of the mechanisms mediating previously reported associations between demographic groups
and increased risk for high-grade PCa.
Nunzio et al., in a prospective multicenter study,
evaluated the association between abdominal obesity, PCa
diagnosis and grade in 668 patients undergoing prostate
biopsy. PCa was detected in 246 patients (38%), of whom
110 had a higher-grade cancer (GS ≥ 7). Logistic regression
showed that BMI and waist circumference were significant
predictors of high-grade PCa. Furthermore, obesity with
central adiposity was significantly associated with high-grade disease.26
Black men have a 67% higher incidence of PCa compared to Caucasians.27 While population-level studies
have consistently shown that the incidence and mortality burden is highest among Black men, it remained unclear whether this can be explained by inadequate access
to medical care.28 Gaines et al., in a population-based
study involving 887 men, evaluated the association between race and low- and high-grade PCa in men undergoing initial prostate biopsy in an equal access medical
center. Of the 887 men, 499 had PCa on biopsy (56.3%).
Black men were significantly more likely to have PCa on
biopsy than White men 61,9% vs. 50.9% (p≤0.001). In
multivariate analyses, Black race was significantly predictive of high-grade.29
In our study, on multivariate analysis adjusted for
BMI and race, only low levels of TT and advanced age had
a significant impact in predicting GS ≥ 7. Low TT was
associated with increased BMI, and hypogonadism was
a stronger predictor of high-grade PCa among Black individuals. Based on these observations, we hypothesize
that low serum testosterone may be an underlying mechanism involved in higher-grade PCa found in both obese
and Black men in previous reports. These results should
be further confirmed in larger populations and tested on
molecular level.
It has been hypothesized that patients with low TT
would have lower PSA and for this reason would take
longer to be diagnosed with PCa, hence explaining the
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association between low TT and high-grade PCa. However, our findings confront this hypothesis, as changes in
serum testosterone did not correlate with changes in PSA.
This is in consonance with previous investigations.9 Furthermore, low TT predicted high-grade PCa independently of age at diagnosis, which also opposes this conjecture. Rather, we believe that, according to the Saturation
Model, patients with hypogonadism do not reach levels
of testosterone necessary for physiological proliferation
of the epithelium, leading to a greater risk of abnormal
proliferation and differentiation, resulting in greater risk
for high-grade cancer.
Our results should be interpreted in the context of a
number of limitations. The retrospective nature of the
study, the lack of a standardized protocol for testosterone
measurement and the selection of patients from a high-volume cancer center imply biases for epidemiological
observations. Many patients were not included in the
study because their TT measurement had been performed
prior to 6 months from surgery, introducing a bias that
excluded patients who waited longer until radical prostatectomy. Furthermore, our observations on the effect
of low TT in Black men are based on a limited sample.
However, we believe that our study provides meaningful
insight into associations between testosterone levels, prostate cancer grade and race interactions, and should warrant further prospective investigations.

Conclusion
According to our findings, hypogonadism is an independent
risk factor for developing higher GS in localized PCa. Low
levels of TT might be related to the carcinogenesis of higher grade cancer and is a potential marker of prognosis in
PCa. In our sample, low TT level was a stronger predictor
of high-grade PCa in Black men compared to White men,
which could partly explain the behavior of the disease in
this ethnic group and should warrant further investigation.
Resumo
Baixa testosterona sérica é prognóstica de doença de alto
grau em pacientes com câncer de próstata
Objetivo: Avaliar a relação entre testosterona sérica total
(TT) e grau do câncer de próstata (CP) e o efeito da raça
e de características demográficas sobre essa associação.
Método: Foram analisados 695 pacientes submetidos
a prostatectomia radical (PR), dos quais 423 tinham
medidas dos níveis séricos de TT. Os pacientes foram
classificados como portadores de hipogonadismo ou
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eugonadismo com base em dois limites de testosterona:
limite 1 (300 ng/dL) e limite 2 (250 ng/dL). Avaliou-se
a relação entre nível de TT e escore Gleason (GS) ≥ 7 em
amostras de PR. Os resultados foram avaliados por análises univariada e multivariada, com ajuste para raça e
outros fatores prognósticos demográficos.
Resultados: Do total de 423 pacientes, 37,8% apresentavam
hipogonadismo com base no limite 1, e 23,9% com base
no limite 2. Os pacientes com hipogonadismo, independentemente do limite de referência, tiveram uma chance
maior de GS ≥ 7 (OR 1,79, p=0,02 e OR 2,08, p=0,012,
respectivamente). Na análise multivariada, após ajuste
para idade, TT, índice de massa corporal (IMC) e raça,
baixo TT (p=0,023) e idade (p=0,002) foram considerados
fatores de risco independentes para GS ≥ 7. Entre os indivíduos negros, baixo TT sérico foi mais preditivo de doença de alto grau em comparação com os brancos (p=0,02).
Conclusão: O hipogonadismo é independentemente
associado a escores mais altos de GS no CP localizado. O
efeito dessa associação é significativamente mais pronunciado entre homens negros, o que poderia explicar, em
parte, as características agressivas do CP observadas nessa população.
Palavras-chave: câncer de próstata, hipogonadismo,
testosterona.
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