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Abstract

Objective: We examined risk factors associated with prostate specific antigen (PSA) and hematocrit (hct) elevation during testosterone
replacement therapy (TRT) in patients with testosterone deficiency (TD). Methods: We retrospectively analyzed the medical records
of patients receiving TRT for ≥3 months. We investigated the following parameters: age, body mass index, comorbidities, TRT type,
TRT duration, pre-TRT prostate volume, pre- and post-TRT serological tests, prostate biopsies, prostate cancer diagnoses, pre- and
post-TRT aging male symptom scale scores, hct elevation, and PSA elevation. The patients were divided into two groups based on the
PSA elevation status for comparison, following which we analyzed the predictive factors for PSA elevation. They were also divided
into two groups based on hct elevation status. Results: The PSA elevation group showed a statistically significantly higher mean age,
pre-TRT prostate volume, and PSA level compared to the non-elevation group. The PSA non-elevation group showed a significantly
higher percentage of smokers, while the PSA elevation group showed a statistically significantly higher prevalence of benign prostatic
hyperplasia (BPH_LUTS). The results demonstrated that a large pre-TRT prostate volume, high pre-TRT PSA levels, BPH_LUTS, and
being a non-smoker were the contributing factors for PSA elevation. The hct elevation group showed statistically significantly higher pre-
TRT Hb, hct, and post-TRT testosterone levels, and dyslipidemia rates, as well as a non-statistically significant prevalence of testosterone
enanthate (TE) and testosterone undecanoate (TU) intramuscular injection. The pre-TRT Hb and hct levels were contributing factors for
hct elevation during TRT. TE injection showed marginal statistical significance. Conclusions: We identified large prostate volumes,
high PSA levels, BPH_LUTS, and being non-smokers prior to TRT as risk factors for PSA elevation during TRT. Interestingly, we found
that TRT-induced hct elevation was likely to occur in patients with high pre-TRT Hb and hct levels. Additionally, the hct levels should
be monitored when using TE for TRT.
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1. Introduction

Testosterone replacement therapy (TRT) for men with
testosterone deficiency (TD) is a relatively safe and effec-
tive treatment method that can be administered in various
forms, including oral medication, transdermal gel, and in-
jection [1]. TRT is generally contraindicated for patients
with prostate cancer because of the risk of activation and
growth of prostate cancer cells caused by TRT [2,3]. In
fact, up to approximately a decade ago, there were concerns
that TRT may exacerbate lower urinary tract symptoms be-
cause of prostatic hyperplasia and increased prostate cancer
risk [4]. However, a study by Mogentaler et al. [5] re-
ported no evidence of an association between prostate can-
cer and TRT. This result led to the introduction of the sat-
uration theory. Specifically, the researchers hypothesized
that although a temporary increase in the prostate volume
and prostate specific antigen (PSA) levels may be found in
the early stages of TRT, when the testosterone level in the
prostate reaches a saturation point the TRT effect on the

prostate becomes weak [6]. As a result, the presence of as-
sociated lower urinary tract symptoms associated with be-
nign prostatic hyperplasia (BPH_LUTS) is no longer con-
sidered a contraindication for TRT. Hence, TRT is being
administered with caution to patients with TD who have re-
ceived radical treatment for prostate cancer and have no risk
of recurrence for a sufficient period [7]. However, the el-
evation of the PSA levels (by ≥3 ng/dL) can sometimes
occur after starting TRT despite normal pre-TRT PSA lev-
els and digital rectal examination (DRE) results. In such
cases, TRT is usually discontinued because of the con-
cern for prostate cancer and PSA levels, and transrectal
ultrasonography (TRUS), or DRE results are checked dur-
ing follow-up observation. When necessary, a subsequent
prostate biopsy is performed, which may confirm a diag-
nosis of prostate cancer in some patients. Most previous
studies on the effects of TRT on PSA elevation and prostate
cancer had a small sample size (<100 patients) or prostate
biopsywas performed prior to TRTwith a prospective study
design. Accordingly, most of these studies investigated pa-
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tients with TD without prostate cancer and, thus, do not
reflect the distribution of patients encountered in clinical
practice [8,9].

Another reason for discontinuing TRT (or for TRT
dose reduction) is hematocrit (hct) elevation [10]. While
there may be some differences when comparing guidelines,
discontinuing TRT or attempts to lower the hct levels via
phlebotomy are usually recommended when the hct lev-
els are elevated by ≥52–54% [7,11]. Elevated hct levels
pose the risk of facilitating cardiovascular blood clot for-
mation by causing increased vascular blood viscosity and
additional cardiovascular burden in patients with impaired
cardiac function [12]. Thus, the hct levels must be checked
regularly during TRT, with some cases resulting in the dis-
continuation of TRT with insufficient periods because of
intolerable hct elevation. Typically, hct elevation is most
commonly observed in older patients or those using short-
acting injections, but empirical studies on this topic are
lacking [10]. As the risk of cardiovascular thromboembolic
events may be increased by hct elevation, identifying pre-
dictive factors may help lower the risk associated with TRT.

For these reasons, several guidelines have recom-
mended periodic monitoring of the PSA and hct levels in
patients undergoing TRT [11,13]. Accordingly, the present
study aimed to analyze the risk factors associated with PSA
and hct elevation to provide information for medical guide-
lines in terms of reducing the risk of adverse events com-
monly encountered during TRT in clinical practice.

2. Material and methods
Our study included patients diagnosed with TD be-

tween June 2010 and June 2019 at a urology outpatient
clinic in a single hospital. Those who received ≥3 months
of TRTwere selected for enrollment. Their medical records
were abstracted and reviewed for the following parame-
ters: age, height, weight; presence and type of comor-
bidities (i.e., hypertension, diabetes mellitus, chronic kid-
ney disease, hyperlipidemia, BPH_LUTS, cardiovascular
disease, cerebrovascular disease, respiratory disease, and
liver dysfunction), lifestyle, including smoking and drink-
ing status, and the type of testosterone agent used during
TRT (short-acting agents: oral testosterone undecanoate
(TU) and 2% testosterone gel (T-gel); intermediate-acting
agent: testosterone enanthate (TE) intramuscular (IM) in-
jection; long-acting agent: testosterone undecanoate (TU)
IM injection), duration of TRT (months); pre- and post-
TRT serological test results (hemoglobin (Hb), hct, PSA, to-
tal testosterone, total cholesterol, triglyceride, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and glu-
cose levels), pre-TRT prostate volume (measured in grams),
hct elevation (>52%) during TRT; PSA elevation (>3.0
ng/mL) during TRT, prostate biopsies, prostate cancer di-
agnoses, Gleason scores (if diagnosed with prostate can-
cer), pre- and post-TRT aging male symptom scale (AMS)
scores, and thromboembolic events.

Pre- and post-TRT differences among groups with and
without PSA elevation were evaluated using independent
t-tests and chi-squared tests. Logistic regression analyses
were performed to identify the risk factors contributing to
PSA elevation. The same statistical analysis procedures
were applied for comparing pre- and post-TRT differences
among groups with and without hct elevation and for eval-
uating risk factors contributing to hct elevation. The level
of significance was set at p < 0.05. All statistical analyses
were performed using statistical package for social sciences
(SPSS) software (version 20.0; IBM Corp., Armonk, NY,
USA).

3. Results
Among 964 patients receiving TRT at a single institu-

tion between June 2010 and June 2019, potential risk factors
were abstracted and evaluated from the medical records of
566 patients who underwent ≥3-month TRT.

3.1 PSA elevation during TRT
Among a total of 566 patients, PSA elevation ≥3

ng/mL was observed in 60 patients (10.6%; Group 2). The
mean duration of TRT until PSA elevationwas 16.7months.
After discontinuing TRT because of PSA elevation, all pa-
tients received DRE and TRUS. After the use of antibiotics
for suspected prostatitis or just follow-up of PSA, 41 pa-
tients resumed TRT after their PSA levels returned to nor-
mal and 19 patients (3.36%) underwent a prostate biopsy
(i.e., trans-rectal ultrasound guided prostate biopsy; TRBx)
owing to abnormal findings of DRE or TRUS that were
suspicious for prostate cancer. If nodules were palpable in
DRE or abnormal findings were observed in TRUS, TRBx
was performed even if the PSA level was normalized after
stopping TRT. TRBx was also recommended if the elevated
PSA level did not fall below 3.0 ng/dL (<1.5 ng/mL in the
case of taking 5-alpha reductase inhibitors) after discontin-
uation of TRT. If TRBx was recommended but the patient
was unable to decide or aimed to postpone the examina-
tion, a prostate magnetic resonance imaging examination
was performed to further confirm the need for TRBx. Of
the patients undergoing TRBx, 6 (1.06%) were diagnosed
with prostate cancer (localized prostate cancer). 5 patients
were diagnosedwith Gleason scores of 6 (3+3) and 1 patient
presented with a Gleason score of 7 (3+4). There were no
factors showing statistically significant differences among
the 6 patients diagnosed with prostate cancer as compared
with the 54 patients not diagnosed with prostate cancer de-
spite PSA elevation.

3.2 Comparing the PSA elevation and non-elevation
groups

The mean age of the enrolled patients was signifi-
cantly higher in the PSA elevation (Group 2; 64.33 years)
than in the non-elevation group (Group 1; 61.75 years, p
= 0.024). The mean pre-TRT prostate volume was also
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statistically significantly higher in Group 2 (35.36 g) than
in Group 1 (28.90 g; p < 0.001). The pre-TRT PSA lev-
els were statistically significantly higher in Group 2 (1.71
ng/mL) than in Group 1 (0.86 ng/mL; p < 0.001). There
were no other statistically significant differences among
the two groups concerning the other pre-TRT serological
test results. The testosterone levels were higher in Group
2 (350.0 ng/mL) than in Group 1 (316.9 ng/mL), with a
marginally significant difference (p = 0.059). The compari-
son of the pre-TRT AMS scores showed no statistically sig-
nificant differences between the two groups (Table 1).

There was no difference in the percentage of drinkers
when comparing the two groups (55.6% vs. 44.9%); the
percentage of smokers was significantly higher in Group 1
(22.8%) than in Group 2 (9.8%; p = 0.033). Differences in
the presence and types of comorbidities were investigated
and the results showed no statistically significant differ-
ences in comorbidities with the exception of BPH_LUTS
(28.3% vs. 43.3%, p = 0.009; Table 1). There were no sta-
tistically significant differences between the two groups af-
ter TRT.

3.3 Analysis of contributing factors for PSA elevation
during TRT

The likelihood of PSA elevation during TRT was sta-
tistically significantly higher in patients with a high pre-
TRT prostate volume or high pre-TRT PSA levels, in those
receiving treatment for BPH-LUTS, and in non-smokers.
There was no statistically significant association with TRT
type and TRT duration (Table 2).

3.4 Comparing TRBx and non-TRBx groups

In total, 19 patients (Group 1) underwent TRBx based
on the PSA follow-up period and DRE or TRUS results af-
ter discontinuation of TRT because of PSA elevation; 41
patients (Group 2) did not undergo TRBx because of the
lack of specific findings upon TRUS or DRE as well as the
normalization of PSA levels after discontinuing TRT. The
comparison between the two groups showed no significant
differences in age and weight, while the body mass index
(BMI)was statistically significantly higher in Group 1 (26.8
kg/m2) than in Group 2 (24.4 kg/m2; p = 0.049). Group 1
also showed statistically significantly higher pre-TRT PSA
levels (1.79 ng/mL vs. 0.95 ng/mL, p = 0.001). Our re-
sults showed no differences in the Hb, hct, total choles-
terol, triglyceride, LDL, and blood glucose levels between
the two groups, while Group 2 showed significantly higher
mean HDL levels (37.9 mg/dL vs. 51.2 mg/dL; p = 0.028).
There were no differences in the total testosterone levels,
AMS scores, and smoking prevalence among the groups,
while Group 1 showed a statistically significantly higher
percentage of drinkers compared with Group 2 (61.1% vs.
32.3%, respectively; p = 0.049). No statistically significant
differences in the type of testosterone agent used (until PSA
elevation) were found between the two groups (Table 3).

Moreover, we found no differences in TRT duration (until
PSA elevation; 21.95 months vs. 19.71 months, p = 0.692)
and no significant differences in the elevated PSA levels
(4.62 vs. 6.81, p = 0.127).

3.5 Risk factors for necessitating TRBx
Based on the factors showing differences between the

TRBx and non-TRBx groups, a multivariate analysis was
performed to identify influencing risk factors that neces-
sitated TRBx. The factors showing statistical significance
were identified to be pre-TRT PSA levels (p = 0.023) and
drinking status (p = 0.049; Table 4).

3.6 Hct elevation during TRT
Among a total of 566 patients, hct elevation of ≥52%

was observed in 33 patients (5.83%). The mean duration
of TRT until hct elevation was 16.7 months. There were
no cases of cerebrovascular thromboembolic events occur-
ring during TRT in this study. One patient in the hct non-
elevation group received percutaneous coronary interven-
tion (PCI) for coronary artery disease (CAD) during TRT,
while two patients (one each from the hct elevation and non-
elevation groups) received PCI for CAD at≥1 year after the
completion of TRT.

3.7 Comparing the hct elevation and non-elevation groups
After comparing the results of the two groups, Group

2 showed statistically significantly higher pre-TRT Hb and
hct levels compared with Group 1 (Hb: 14.48 vs. 15.83,
p < 0.001; hct: 42.25 vs. 46.5, p < 0.001). There were
no differences between the two groups with respect to age,
weight, BMI, smoking status, drinking status, and serolog-
ical test results (i.e., lipid profile, blood glucose levels, and
total testosterone levels). Moreover, there was no differ-
ence in the pre-TRT AMS scores between the two groups.
Regarding the type of TRT used, the percentage of patients
who received TE IM injection was higher in Group 2 than
in Group 1 (41.8% vs. 45.5%, respectively) and the preva-
lence of TU IM injection was higher in Group 2 than in
Group 1 (27.1% vs. 39.4%, respectively), although the dif-
ferences were not statistically significant. The mean post-
TRT testosterone levels were significantly higher in Group
2 than in Group 1 (714.78 ng/mL vs. 933.04 ng/mL, re-
spectively; p = 0.009) and the margin of increase in the
testosterone levels was statistically significantly higher (p
= 0.014). Regarding the AMS scores, the psychological
sub-domain scores were statistically significantly lower in
Group 2 than in Group 1 (p = 0.033). The percentage
of patients with dyslipidemia was statistically significantly
higher in Group 2 than in Group 1 (20.5% vs. 44.8%, re-
spectively; p = 0.002; Table 5).

3.8 Factors contributing to hct elevation during TRT
Multivariate analysis results identified pre-TRT Hb (p

= 0.013) and hct (p < 0.001) levels as statistically signifi-
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Table 1. Comparative medical and demographic characteristics of the patients in the PSA elevation group (>3 ng/mL) during
testosterone treatment (Group 2) compared with those of patients in the non-elevation group (Group 1).

Group 1 (n = 506) Group 2 (n = 60)
p-value*

Mean ± SD Mean ± SD

Age (years) 61.75 ± 8.38 64.33 ± 8.31 0.024
BMI (kg/m2) 25.21 ± 4.15 25.81 ± 4.26 0.347
Prostate volume (g) 28.90 ± 8.88 35.36 ± 11.80 <0.001
PSA (ng/mL) 0.86 ± 0.58 1.71 ± 0.88 <0.001
Hemoglobin (g/dL) 14.58 ± 1.42 14.33 ± 1.25 0.202
Hematocrit (%) 42.54 ± 4.24 41.90 ± 3.45 0.273
Total cholesterol (mg/dL) 182.07 ± 42.20 181.38 ± 35.83 0.909
Triglyceride (mg/dL) 165.71 ± 110.80 166.97 ± 133.73 0.950
LDL cholesterol (mg/dL) 109.41 ± 34.08 105.41 ± 33.62 0.523
HDL cholesterol (mg/dL) 50.09 ± 11.37 48.61 ± 14.60 0.481
Glucose (mg/dL) 123.45 ± 51.58 118.55 ± 35.78 0.502
Testosterone (ng/mL) 316.89 ± 124.01 350.00 ± 143.50 0.059
AMS scale

Somato-vegetative 12.45 ± 6.42 13.10 ± 5.87 0.654
Psychological 7.13 ± 3.88 7.86 ± 3.62 0.405
Sexual 10.60 ± 5.41 12.95 ± 4.27 0.052
Total score 30.48 ± 14.40 30.05 ± 15.70 0.895

Treatment type 0.073
Short-acting type 152/506 (30.0) 26/59 (44.1)
Intermediate-acting type 215/506 (42.5) 18/59 (30.5)
Long-acting type 139/506 (27.5) 15/59 (25.4)

Drinking, n (%) 0.158
No 154/347 (44.4) 27/49 (55.1)
Yes 193/347 (55.6) 22/49 (44.9)

Smoking, n (%) 0.033
No 277/359 (77.2) 46/51 (90.2)
Yes 82/359 (22.8) 5/51 (9.8)

Comorbidities
None 174/506 (34.4) 14/60 (23.3) 0.086
BPH_LUTS 143/506 (28.3) 26/60 (43.3) 0.009
Hypertension 184/506 (36.4) 23/60 (38.3) 0.697
Diabetes mellitus 122/506 (24.1) 16/60 (26.7) 0.615
Dyslipidemia 97/506 (19.2) 8/60 (13.3) 0.275
Hepatobiliary disease 36/506 (7.1) 1/60 (1.7) 0.109
Pulmonary disease 21/506 (4.2) 7/60 (11.7) 0.060

AMS, Aging Male Symptom Scale; BMI, body mass index; BPH_LUTS, benign prostatic
hyperplasia with lower urinary tract symptoms; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; PSA, prostate specific antigen; SD, standard deviation; short-acting type,
oral testosterone undecanoate, testosterone gel; intermediate-acting type, testosterone enan-
thate intramuscular injection; long-acting type, testosterone undecanoate intramuscular injec-
tion.
*Results of independent t-tests or chi-squared tests.

cant contributing factors for hct elevation, while the use of
TE IM injection showed marginal significance (p = 0.069;
Table 6).

3.9 Other adverse effects during TRT

21 patients (3.71%) experienced other adverse events
such as injection site pain, hot flushing, acne, and edema
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Table 2. Multivariate analysis results based on logistic regression performed for clinical factors associated with PSA elevation
occurring during testosterone treatment.

β SE p-value Exp (β) CI

Age (years) 0.042 0.028 0.126 1.043 0.988–1.102
Prostate volume (g) 0.039 0.017 0.020 1.040 1.006–1.074
PSA (ng/mL) 1.134 0.235 <0.001 3.108 1.961–4.926
BPH_LUTS 1.086 0.401 0.007 2.961 1.348–6.503
Lung disease 0.775 0.591 0.190 2.170 0.681–6.913
Smoking –1.449 0.674 0.032 0.235 0.063–0.880
TD <6 months 0.336
TD 6–12 months –0.897 0.762 0.239 0.408 0.092–1.815
TD 12–24 months –1.566 0.871 0.072 0.209 0.038–1.150
TD >24 months –0.700 0.689 0.310 0.497 0.129–1.916
Short-acting type 0.161
Intermediate-acting type –0.800 0.505 0.114 0.449 0.167–1.210
Long-acting type 0.111 0.536 0.835 1.118 0.391–3.194
BPH_LUTS, benign prostatic hyperplasia and associated lower urinary tract symptoms; CI,
confidence interval; PSA, prostate specific antigen; TD, testosterone treatment duration; short-
acting type, oral testosterone undecanoate, testosterone gel; intermediate-acting type, testos-
terone enanthate intramuscular injection; long-acting type, testosterone undecanoate intramus-
cular injection.

in the order of frequency, and all adverse events recovered
without any special sequelae.

4. Discussion
TRT has many beneficial effects for hypogonadal

men. However, it can also cause various adverse effects, in-
cluding gynecomastia, elevated estrogen levels, skin prob-
lems (i.e., acne and edema), and erythrocytosis [13]. TRT-
induced erythrocytosis is typically defined according to Hb
levels >18.5 g/dL and hct levels >52% [14]. Physiologi-
cally, erythrocytosis is defined as an erythrocyte mass ex-
ceeding 125% of predicted levels based on sex and body
mass [15]. Generally, an increase in red blood cell mass
causes increased blood viscosity, leading to reduced ve-
nous return and increased platelet adhesiveness; hence, this
adverse effect could increase the risk of thromboembolism
and myocardial infarction [16]. The mechanism by which
TRT causes erythrocytosis can be explained via the respec-
tive roles of hepcidin, iron sequestration and turnover, ery-
thropoietin formation, bone marrow stimulation, and ge-
netic factors [10]. Erythrocytosis is likely determined by
the duration of supraphysiological testosterone levels be-
cause of the combination of exogenous testosterone type,
dose, and pharmacokinetics [17]. It is known that the in-
cidence of erythrocytosis after testosterone cypionate or
enanthate IM injection is high (approximately 40%) [17].
Erythrocytosis may occur readily since these testosterone
agents could reach a supraphysiological level within a short
time [17]. In the present study, the comparison of the ob-
tained results between the hct elevation and non-elevation
groups showed no statistically significant differences con-
cerning the types of testosterone agents administered. How-

ever, the percentage of patients receiving TE and TU IM
injections was higher in the hct elevation than in the non-
elevation group. Unlike a prospective study that typically
recruits participants after setting the dose and duration of
TRT, the patients in this study had a low incidence of ery-
throcytosis owing to varying intervals with respect to TE
injections (2–4 weeks), and the mean duration until hct ele-
vation was longer (16.7 months) compared to that reported
in a previous prospective study (10.5 ± 9.1 months) [18].
It is known that T-gel and TU IM injections usually result
in maintenance of the testosterone levels within physiologi-
cal levels [19,20]. However, these testosterone agents have
the potential to elevate testosterone to a supraphysiologi-
cal level depending on the dose or injection interval; thus,
the risk of erythrocytosis may appear unexpectedly in early-
stage treatment if the dose and injection interval are not ad-
justed for each patient. In the present study, the hct ele-
vation group showed a significantly higher increase in the
testosterone levels compared with the non-elevation group.
With respect to contributing factors for hct elevation, the
pre-TRT Hb and hct levels demonstrated statistical signif-
icance. Thus, close attention should be paid to monitor-
ing the risk of erythrocytosis during TRT among patients
with high pre-TRT Hb and hct levels. Dose and injection
intervals should be adjusted for these patients. Although
statistical significance was not confirmed in this study, TE
injection showed marginal statistical significance as a con-
tributing factor for hct elevation. Thus, we conclude that
oral TU or T-gel should be chosen instead of TE or TU IM
injections for patients with high pre-TRT Hb and hct lev-
els. In addition, an increase in the hct levels may also de-
pend on the nutritional status, food consumption, or other
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Table 3. Comparison of baseline medical and demographic characteristics between the prostate biopsy (Group 1) and the
non-prostate biopsy group (Group 2).

Group 1 (n = 19) Group 2 (n = 41)
p-value*

Mean ± SD Mean ± SD

Age (years) 63.74 ± 7.97 64.66 ± 8.52 0.692
Weight (kg) 75.04 ± 9.92 70.52 ± 11.49 0.167
BMI (kg/m2) 26.84 ± 4.66 24.38 ± 3.74 0.049
Prostate volume (g) 24.79 ± 13.16 35.15 ± 11.30 0.913
PSA (ng/mL) 1.79 ± 0.92 0.95 ± 0.86 0.001
Hemoglobin (g/dL) 13.78 ± 0.88 13.90 ± 1.34 0.724
Hematocrit (%) 40.89 ± 2.65 41.65 ± 3.68 0.433
Total cholesterol (mg/dL) 180.81 ± 38.19 180.92 ± 36.28 0.992
Triglyceride (mg/dL) 255.14 ± 224.29 140.62 ± 96.78 0.231
LDL cholesterol (mg/dL) 104.14 ± 31.87 104.59 ± 35.21 0.976
HDL cholesterol (mg/dL) 37.86 ± 12.77 51.17 ± 14.01 0.028
Glucose (mg/dL) 133.31 ± 36.33 114.46 ± 37.63 0.097
Testosterone (ng/mL) 375.22 ± 167.44 335.75 ± 133.19 0.340
AMS scale

Somato-vegetative subscale 13.29 ± 4.46 12.20 ± 7.09 0.716
Psychological subscale 7.71 ± 3.55 7.73 ± 3.73 0.991
Sexual subscale 12.29 ± 4.92 13.00 ± 4.07 0.723
Total score 29.43 ± 16.39 29.93 ± 15.47 0.945

Latest treatment type 0.408
Short-acting type 10/19 (52.6) 15/41 (36.6)
Intermediate-acting type 4/19 (21.1) 15/41 (36.6)
Long-acting type 5/19 (26.3) 11/41 (26.8)

Drinking, n (%) 0.049
No 7/18 (38.9) 21/31 (67.7)
Yes 11/18 (61.1) 10/31 (32.3)

Smoking, n (%) 0.443
No 16/18 (88.9) 31/33 (93.9)
Yes 2/18 (11.1) 2/33 (6.1)

AMS, Aging Male Symptom Scale; BMI, body mass index; SD, standard deviation; short-
acting type, oral testosterone undecanoate, testosterone gel; intermediate-acting type, testos-
terone enanthate intramuscular injection; long-acting type, testosterone undecanoate intramus-
cular injection; PSA, prostate specific antigen.
*Results of independent t-tests or chi-squared tests.

Table 4. Multivariate analysis results based on logistic regression performed to examine the parameters contributing to prostate
biopsy risk.

β SE p-value Exp (β) CI

BMI (kg/m2) –0.429 0.735 0.560 0.651 0.154–2.752
PSA (ng/mL) 2.858 1.261 0.023 17.433 1.471–206.598
HDL cholesterol (mg/dL) –0.131 0.120 0.273 0.877 0.694–1.109
Glucose (mg/dL) 0.013 0.027 0.637 1.013 0.961–1.067
Drinking 4.022 2.044 0.049 55.788 1.016–3063.710
BMI, body mass index; CI, confidence interval; HDL, high-density lipoprotein; PSA, prostate
specific antigen; SE, standard error.

physiological status [21,22]. However, this study could not
confirm sufficient information on this issue because of its
retrospective study design.

PSA is known to be associated with the progression of
BPH_LUTS, while also showing a strong correlation with
prostate volume [23]. Accordingly, our findings indicated
that the PSA elevation group during TRT presented signifi-
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Table 5. Comparison of baseline medical and demographic characteristics between the hematocrit (hct) elevation (>52%;
Group 2) and the non-hct elevation group (Group 1) during testosterone treatment.

Group 1 (n = 495) Group 2 (n = 33)
p-value*

Mean ± SD Mean ± SD

Age (years) 61.93 ± 8.33 60.21 ± 8.02 0.250
Weight (kg) 71.62 ± 10.04 73.38 ± 7.95 0.432
BMI (kg/m2) 25.18 ± 3.50 25.43 ± 2.25 0.742
Prostate volume (g) 29.71 ± 9.71 29.67 ± 8.97 0.983
PSA (ng/mL) 0.96 ± 0.68 0.94 ± 0.59 0.916
Hemoglobin (g/dL) 14.48 ± 1.40 15.83 ± 1.11 <0.001
Hematocrit (%) 42.25 ± 4.16 46.50 ± 2.95 <0.001
Total cholesterol (mg/dL) 182.12 ± 42.48 185.48 ± 39.59 0.700
Triglyceride (mg/dL) 165.62 ± 114.18 164.13 ± 118.90 0.961
LDL cholesterol (mg/dL) 109.52 ± 34.01 103.33 ± 43.71 0.503
HDL cholesterol (mg/dL) 49.72 ± 11.47 50.67 ± 11.68 0.755
Glucose (mg/dL) 122.77 ± 51.00 116.96 ± 36.25 0.582
Testosterone (ng/mL) 319.37 ± 121.68 322.20 ± 180.24 0.902
AMS scale

Somato-vegetative 12.71 ± 6.31 11.29 ± 6.97 0.373
Psychological 7.21 ± 3.96 6.83 ± 3.00 0.694
Sexual 10.54 ± 5.43 11.88 ± 4.77 0.319
Total score 30.42 ± 14.68 32.71 ± 10.34 0.528

Latest treatment type 0.111
Short-acting type 154/495 (31.1) 5/33 (15.2)
Intermediate-acting type 207/495 (41.8) 15/33 (45.5)
Long-acting type 134/495 (27.1) 13/33 (39.4)

Drinking, n (%) 0.382
No 163/349 (46.7) 9/24 (37.5)
Yes 186/349 (53.3) 15/24 (62.5)

Smoking, n (%) 0.929
No 285/365 (78.1) 17/22 (77.3)
Yes 80/365 (21.9) 5/22 (22.7)

Comorbidities (%)
None 169/409 (41.3) 8/29 (27.6) 0.243
BPH_LUTS 149/409 (36.4) 8/29 (27.6) 0.337
Hypertension 179/409 (43.8) 12/29 (41.4) 0.802
Diabetes Mellitus 119/409 (29.1) 8/29 (27.6) 0.863
Dyslipidemia 84/409 (20.5) 13/29 (44.8) 0.002
Hepatobiliary disease 33/409 (8.1) 3/29 (10.3) 0.433
Pulmonary disease 24/409 (5.9) 2/29 (6.9) 0.527

AMS, Aging Male Symptom Scale; BMI, body mass index; BPH_LUTS, benign prostatic hyperplasia as-
sociated with lower urinary tract symptoms; short-acting type, oral testosterone undecanoate, testosterone
gel; intermediate-acting type, testosterone enanthate intramuscular injection; long-acting type, testosterone
undecanoate intramuscular injection; SD, standard deviation.
*Results of independent t-tests or chi-squared tests.

cantly higher pre-TRT PSA levels, higher pre-TRT prostate
volumes, and a higher pre-TRT incidence of patients receiv-
ing treatment for BPH_LUTS compared with the non-PSA
elevation group. These findings could be attributed to the
fact that these three factors are strongly associatedwith each
other. The PSA elevation group showed a mean PSA level
of 1.71 ng/mL and a prostate volume of 35.4 g, which were
not substantially different compared to PSA levels ≥1.5

and prostate volumes ≥30 g that are used as the criteria
for predicting BPH_LUTS progression [23–25]. Accord-
ing to current TRT guidelines, BPH_LUTS is not a con-
traindication for TRT [7,11]. However, the findings of our
study demonstrated that the PSA levels, prostate volume,
and BPH_LUTS treatment were statistically significant in-
fluencing factors for PSA elevation occurring during TRT.
Therefore, caution should be taken with respect to possible
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Table 6. Multivariate analysis results based logistic regression performed for evaluating clinical factors associated with hct
elevation.

β SE p-value Exp (β) CI

Hemoglobin (g/dL) –1.421 0.573 0.013 0.241 0.079–0.742
Hematocrit (%) 3.332 0.942 <0.001 27.988 4.415–177.450
Hyperlipidemia 1.155 1.239 0.351 3.174 0.280–36.010
△Testosterone (ng/mL) 0.001 0.001 0.562 1.001 0.999–1.003
Short-acting type 0.188
Intermediate-acting type 4.134 2.272 0.069 62.417 0.726–5363.865
Long-acting type 2.938 1.959 0.134 18.885 0.406–878.993
△, Difference before and after testosterone treatment; CI, confidence interval; hct, hematocrit; short-
acting type, oral testosterone undecanoate, testosterone gel; intermediate-acting type, testosterone
enanthate intramuscular injection; long-acting type, testosterone undecanoate intramuscular injection.

PSA elevation during TRT when patients being treated for
BPH_LUTS present with prostate volumes≥35 g and PSA
levels ≥1.71 g/dL.

Among the 566 patients receiving TRT for≥3months,
19 patients (3.36%) received TRBx. Concerning the con-
tributing factors for TRBx (due to PSA elevation occurring
during TRT), the pre-TRT PSA levels and drinking status
were identified to be statistically significant risk factors.
In the past, there was a preconception that TRT increases
the risk for prostate cancer. However, this led to misun-
derstanding as the prostate is an androgen sensitive organ.
A study by Shoskes et al. [26] analyzed prostate biopsy
results from before and after TRT in male patients with
hypogonadism, demonstrating that TRT does not promote
prostate cancer [26]. Similarly, the American Urological
Association guidelines specify that TRT does not increase
the risk of prostate cancer development [7]. However, ele-
vated PSA levels during TRTwithin clinical practice would
raise concerns regarding prostate cancer caused by TRT.
As presented in this study, most patients with PSA eleva-
tion (68%) showed no specific findings in DRE or TRUS
and, therefore, they resumed TRT after normalization of
the PSA levels (following treatment for inflammation and
subsequent re-examination). Nonetheless, when TRBx be-
comes necessary, both the physician and patient inevitably
feel burdened. In this study, 19/60 patients (31.7%) with
PSA elevation ultimately underwent TRBx. If a patient
group could be predicted in advance, closer attention could
be paid during TRT and the patients could be provided with
more comprehensive information regarding the benefits and
risks of TRT prior to TRT treatment.

Among the 60 patients with PSA elevation occur-
ring during TRT within the current study, the TRBx group
showed a statistically significantly higher percentage of
drinkers (61.1%) compared with the non-TRBx group.
High BMI and low HDL levels are believed to reflect
the characteristics of the TRBx group to a certain de-
gree; specifically, this group includes a high percentage
of drinkers. A study by Zhao et al. [27] reported that
the risk of prostate cancer was 1.22 times higher among

drinkers compared with non-drinkers (p < 0.05), while an-
other study reported a dose-response relationship between
alcohol intake and prostate cancer risk [27]. Since drinking
itself could be considered a risk factor of prostate cancer,
if pre-TRT assessment results show high prostate volumes
and PSA levels that could potentially lead to prostate dis-
ease and the patient enjoys drinking, then, the possibility
of PSA elevation during TRT leading to TRBx should be
considered and sufficient explanation concerning the risks
associated with TRT should be provided to the patient prior
to TRT.

In analyzing the contributing factors for PSA eleva-
tion occurring during TRT, we found that PSA elevation oc-
curred more frequently among non-smokers. In this regard,
Li et al. [28] reported that smokers showed statistically sig-
nificantly lower PSA levels compared with non-smokers
among men aged ≥40 years [28]. Similarly, Kristal et
al. [29] reported that smokers showed statistically sig-
nificantly lower PSA levels compared with non-smokers
among men aged ≥55 years [29]. Similar results were
found in a study by Gelmann et al. [30], who compared
the PSA levels among smokers and non-smokers aged≥55
years. Although the etiology mediating negative correla-
tions between smoking and PSA levels cannot be clearly
understood, it is suspected that smokers have increased lev-
els of circulating sex hormone-binding globulins that may
inhibit PSA production [31]. In contrast, a study by Koc et
al. [32] reported statistically significantly high PSA levels
in smokers [32]. Moreira et al. [33] reported similar re-
sults, indicating that smoking is correlated with acute and
chronic prostatic inflammation based on the reduction by
dutasteride of prostate cancer events (REDUCE) study re-
sults. Therefore, additional studies are needed on the rela-
tionship among the smoking and PSA levels. To the best of
our knowledge, this is the first study reporting an associa-
tion between PSA elevation during TRT and smoking sta-
tus. Thus, if any patient being treated for BPH_LUTS has
a large prostate volume and slightly elevated PSA levels
prior to TRT, more attention should be paid to that patient’s
smoking status.
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This study had some limitations. The most significant
limitation was the fact that the study retrospectively ana-
lyzed patient medical records. Thus, comorbidities, drink-
ing, and smoking status may not have been recorded ac-
curately. Moreover, as the applied dose for TRT was not
the same (unlike in prospective studies), differences based
on administered testosterone agents may not appear clearly.
With respect to treatment intervals, there may be difficul-
ties in comparing therapeutic effects due to differences in
injection intervals among patients. Moreover, in contrast
to a prospective study format, the time points for serolog-
ical tests and symptom questionnaires in this study were
not consistent. This could cause difficulties in interpreting
our study results. In addition, the number of patients diag-
nosed with prostate cancer or thromboembolic events was
very small. Therefore, a meaningful analysis of their char-
acteristics could not be performed. Nonetheless, the present
study directly analyzed data from clinical practice (vs. a re-
search environment) to identify predictive factors for PSA
and hct elevation during TRT. In that respect, our findings
are expected to provide valuable information to clinicians
who actually perform TRT.

5. Conclusions

Based on the obtained findings, we conclude that there
is a high likelihood of PSA elevation occurring during TRT
in patients with high pre-TRT PSA levels, large pre-TRT
prostate volumes, or among those receiving treatment for
BPH_LUTS. PSA elevation during TRT appearedmore fre-
quently among non-smokers, while drinkers with PSA ele-
vation were more likely to require prostate biopsy. More-
over, patients with high pre-TRT Hb and hct levels were
more likely to show hct elevation during TRT. Addition-
ally, the hct levels should also be monitored when using TE
for TRT.
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