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Abstract

Whether testosterone therapy (TTh) is a lifelong treatment for men with hypogonadism remains unknown. We investigated long-term TTh and
TTh withdrawal on obesity parameters (BMI, Weight and Waist circumference) and prostate-related parameters. Two hundred and sixty-two
hypogonadal patients (mean age 59.5) received testosterone undecanoate 1000mg in 12-week intervals for a maximum of 11years. One hundred
and forty-seven men had TTh interrupted for a mean of 16.9 months and resumed thereafter (Group A). The remaining 115 patients were treated
continuously (Group B). Prostate volume, prostate-specific antigen (PSA), residual voiding volume, bladder wall thickness, C-reactive protein
(CRP), aging male symptoms (AMS), International Index of erectile function - erectile function (IIEF-EF) or SHIM and International Prostate
Symptoms Scores (IPSS) were measured over the study period with anthropometric parameters of obesity, including weight, body mass index
(BMI) and waist circumference. Prior to interruption, TTh resulted in improvements in residual post-voiding volume, bladder wall thickness, CRP,
AMS, IIEF-EF, IPSS and obesity parameters while PSA and prostate volume increased. TTh interruption reduced total testosterone to hypogonadal
levels in Group A and resulted in worsening of obesity parameters, AMS, IPSS, residual voiding volume and bladder wall thickness, IIEF-EF and
PSA while CRP and prostate volume were unchanged until treatment resumed whereby these effects were reversed. TTh interruption results in
worsening symptoms. Hypogonadism may require lifelong TTh.

Keywords: Hypogonadism; Testosterone therapy (TTh) duration; Testosterone therapy (TTh) interruption; Lower urinary tract symptoms
(LUTS); Prostate; BPH

Abbreviations: Tth: Testosterone therapy; PSA: prostate-specific antigen; CRP: C-reactive protein; AMS: aging male symptoms; IPSS: International
Prostate Symptoms Scores; BMI: body mass index; ED: erectile dysfunction; MetS: Metabolic syndrome LUTS: Lower urinary tract symptoms:
QoL: Quality of life; TURP: Transurethral resection of the prostate

Introduction

testosterone levels (below the young healthy adult male reference
range)” [2], experience decreased quality of life (QoL) [3]. Due
to the beneficial effects of testosterone on several of the signs

As men age testosterone levels decline, a feature that may
be enhanced by and lead to specific concurrent diseases such as
obesity, metabolic syndrome (MetS), type 2 diabetes mellitus, and symptoms of androgen deficiency in aging men and on QoL,
erectile dysfunction (ED) and lower urinary tract symptoms
(LUTS) [1]. Men with late-onset hypogonadism (LOH), defined as
“a clinical and biochemical syndrome associated with advancing

age and characterized by symptoms and a deficiency in serum

testosterone therapy (TTh) is more frequently being considered as
a beneficial adjunctive treatment in such individuals [3]. However,
studies are still required to assess the long-term safety of TTh
and whether TTh is required and beneficial lifelong therapy. LUTS
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are often regarded as a hallmark of benign prostatic hyperplasia
with an increased incidence as men age [4]. Many men with
LOH experience LUTS which can cause a considerable amount of
distress leading to reduced QoL. Hypogonadism has been reported
in approximately 20% of elderly men with LUTS [5].

Few studies have investigated the effects of TTH in
testosterone-deficient men on parameters and symptoms of LUTS.
We reported, in a 5-year prospective, observational, longitudinal,
registry study, that TTh was associated with improvements in
LUTS, even after correction for the use of PDES5i to treat ED [6].
Patients also exhibited a reduction in weight, waist circumference
and body mass index (BMI) at the end of the study period. LUTS
is associated with several features of MetS, including obesity in
epidemiological studies [7-9] and prostatic diseases are closely
associated with obesity [10]. Furthermore, an inverse relationship
between testosterone levels and obesity is apparent within the
literature and clinical studies have demonstrated that TTh can
improve anthropometric measures of obesity, body composition
and adiposity [11]. Whilst the mechanisms underlying this
potential interrelationship between testosterone, Obesity and
LUTS are not known currently, evidence from some studies
indicate that TTh may be a useful therapy for improving metabolic
and urinary symptoms as well as comorbidities of LOH [6,11].

To date, very few studies have investigated the effects of
TTh withdrawal in androgen-deficient patients and conflicting
data exist in the literature. Early investigations by Schroeder et
al. demonstrated that while the effects of TTh on bone minerals
density and muscle mass returned to baseline, reduction in
central and peripheral fat were largely maintained after 3-months
treatment withdrawal in overweight older men with low
testosterone [12,13]. In a small retrospective intervention study,
TTH withdrawal was also shown not to increase proinflammatory
cytokine production by antigen-presenting cells in men with T2D
and partial androgen deficiency over 3-months [14]. More recently,
24 severely obese hypogonadal men who demonstrated significant
improvements in measures of cardiovascular disease and risk
factors during 54-weeks of reduced-calorie-diet, physical exercise
and TTh saw a return to baseline in cardiovascular and metabolic
parameters over a subsequent 24-week withdrawal of TTh [15].
Improvements in some metabolic parameters, including fat mass
and blood pressure did, however, remain during withdrawal,
although this period was only of relatively short duration. It is
considered that positive effects of testosterone treatment on
weight and body composition may take between 6 and 12 months,
particularly in morbidly obese men [11]. Comparatively, these
benefits may be maintained over the short term but may gradually
be lost over longer durations. In this retrospective registry
study, we aimed to analyze the effect of TTh withdrawal (mean
withdrawal 16.9 months) on parameters of obesity and LUTS in
hypogonadal men previously treated with TTh (mean treatment
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duration 57.1 months), and the effect of subsequent treatment
reinstatement (mean treatment period 14.5 months).

Methods

This was a population-based prospective, cumulative, registry
study. A total of 262 hypogonadal men diagnosed with a total
testosterone concentration of 3.5 ng/ml and IIEF-5 scores 521
(reference range adopted from [16]) presenting with ED (mean
age 59.49+ 8.72 years). Approval from the ethics committee in
line with guidelines formulated by the German Aerztekammer
(German Medical Association) was obtained. Patients were
enrolled following signed an informed written consent. Patients
received long-acting parenteral testosterone undecanoate 1000
mg (Nebido 1000mg, Bayer Pharma, Berlin, Germany) in 12-
week intervals for a maximum of 126 months (10.5 years). In 147
men (Group A), testosterone therapy after long term treatment
for a mean duration of 65.5 months was interrupted for a mean
duration of 16.9 months due to reimbursement problems (n 140)
or a diagnosis of prostate cancer (n 7) and resumed thereafter
for a mean duration of 14.5 months. The remaining 115 patients
(Group B) were treated without interruption. To compare on-
treatment to off treatment periods, three periods of equal duration
were defined, as pre (65.5 months), during (16.9 months) and post
(14.5 months) interruption, where “post” indicates the period
following resumption of TTh. For comparison, the same periods
were analyzed for patients who continued TTh throughout.
Subjects who dropped out of the study or are currently under
observation were included in the continuous treatment group
up to the point where TTH was ceased. Prostate volume, residual
voiding volume and bladder wall thickness were routinely
measured by ultrasonography at every other visit. International
Prostate Symptom Scores (IPSS), aging male symptoms (AMS),
international index of erectile function - erectile function (IIEF-
EF) questionnaires were assessed at each treatment visit and
blood samples taken to measure prostate-specific antigen (PSA),
serum testosterone concentrations and C-reactive protein (CRP).

Anthropometric parameters of obesity, including weight,
waist circumference and BMI were recorded throughout the study
period. Statistical analysis was performed with SPSS version
18 (Chicago, IL). Data are expressed as mean group values with
standard deviations at each time point of interruption, during
interruptionand post-treatmentperiods. For subjects whoreceived
continuous treatment, equivalent time periods were calculated
in reverse order from their last visit. Baseline and outcome data
were compared between groups using t-tests. Clinical parameters
were compared between groups across the treatment periods
using mixed-effects, repeated measures model with period, group
and their interaction as fixed effects. Analysis of variance was used
to compare categorical and continuous variables. Comparisons
between categorical variables were assessed using 2 tests. The
value of p 0.05 was considered significant.
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Results

A total of 262 registry participants with a mean age of
59.49+8.72 years (minimum 19, maximum 84 years) contributed
2088.5 patient-years (25 062 patient-months). Total testosterone
concentrations in Group A were 16.54 nmol/l] interruption, this
dropped significantly to 7.48 nmol/l during (p50.0001) and
increased again to 18.5 nmol/l post TTH interruption (p 0.0001).
In Group B, testosterone remained stable at 19.61, 19.76 and
19.65 nmol/l respectively (p not significant). Prostate volume was
significantly increased with treatment in both groups. In Group A,
prostate volume did notincrease further from interruption 33.8 ml
to during interruption of TTh 33.8 ml. post-interruption prostate
volume increased to 35.3 ml (p 0.0001). In Group B, prostate
volume increased slightly but significantly from 33 to 33.7 ml (p
0.0037) pre to during-interruption and further increased to 34
ml post interruption period although not significantly so. PSA in
Group A was 1.9 ng/ml pre interruption and decreased to 1.4 ng/
ml during-interruption. Post-interruption PSA increased again
to 1.6 ng/ml (p 0.0001). In Group B, PSA remained stable at 1.3,
1.4 and 1.4 ng/ml. IPSS decreased with treatment in both groups.
In Group A, IPSS increased from 7.7 pre interruption to 11.2 (p
0.0001) during, then decreased again to 7.6 post-TTh interruption
(p50.0001). In Group B, IPSS decreased slightly from 6.1 to 5.8 and
5.7 with continuous treatment. Pre interruption residual voiding
volume in Group A increased from 16.9 to 26.5 during interruption
(p 0.0001) and decreased again to 16.5 ml post interruption (p
0.0001). In Group B, residual volume decreased slightly from 14.5
to 13.7 ml from pre- to during interruption (p 0.0001) and further
decreased to 13.3 ml post-interruption (p 0.0001). Bladder wall
thickness decreased greatly in both groups with TTh to pre
interruption. In Group A, bladder wall thickness significantly
increased from pre interruption to during-interruption 0.37-0.49
cm (p 0.0001), then decreased again at post-interruption to 0.39
cm (p 0.0001). Group B bladder wall thickness did not significantly
decrease from pre interruption (0.39 cm) to during interruption
(0.39 cm) to post-interruption (0.37 cm). IIEF-EF increased
following TTh in both groups over a mean of 65.5 months prior
to interruption from 8.2 to 18.9 and 7.6 to 17.8 in Groups A and
B, respectively.

Following IIEF-EF interruption scores in Group A significantly
decreased to 12.5 (p50.0001), whereas Group B had no significant
change (19.4) throughout an equivalent interruption period.
Reinstatement of TTh significantly increased IIEF-EF to 18.19 (p
0.0001) in Group A, while no significant change was observed in
Group B where scores slightly increased to 19.9. AMS scores fell
from 54.8 to 36.5 and 53.5 to 30.5 with TTh in Groups A and B,
respectively. Interruption significantly increased AMS score to 57.7
(p 0.0001) in Group A compared to before interruption, whereas
Group B saw AMS scores continue to drop significantly to 27.8 (p
0.0001). Following a means of 14.5 months TTh reinstatement,
AMS score was significantly reduced to 31.9 in Group A (p 0.0001).
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AMS scores in Group B continued to significantly decrease to 25.5
(p 0.0001). TTh reduced CRP levels in both Groups A and B from
1.45 to 1.02 and 1.39 to 1.07 respectively. Interruption of TTH
Group A led to a slight but non-significant increase to 1.05. In
contrast, Group B saw CRP levels continue to decline significantly
to 0.88 (p 0.0359). No further decline was observed in Group
B following 14.5 months continued treatment, whereas TTh
reinstatement reduced CRP levels in Group A to 0.99 (p 0.0001).
Waist circumference was greatly reduced following TTh in both
groups.

In Group A, waist circumference increased from 100.2 cm
pre interruption to 105.4 cm during interruption. (p 0.0001)
and decreased again to 102.3 cm post-interruption (p 0.0001),
like pre interruption measures. In Group B, waist circumference
continuously declined significantly from 98.4 cm pre- to 97.2 cm
during interruption and 95.7 cm post-interruption (p 0.0001).
Weight also decreased in both groups with TTh. In Group A,
the mean weight was 92.1 kg pre interruption and increased to
97.1 kg during (p 0.0001) then decreased again to 94.4 kg post-
interruption (p 0.0001). In Group B, weight was continuously
significantly declined from 87.7 kg pre interruption to 86.2 kg
during interruption (p 0.0001) and to 84.4 kg post-interruption
(p 0.0001). BMI decreased in both groups from baseline to Pre
interruption. In Group A, BMI increased from 29.2 kg/m2 Pre
interruption to 30.7 kg/m2 during interruption (p 0.0001) then
decreased again to 29.9 kg/m2 post-interruption (p 0.0001).
BMI continued to significantly decrease in Group B from pre
interruption 27.7 kg/m2 to during interruption 27.3 kg/m2 (p
0.0001) and to 26.7 kg/m2 post-interruption (p 0.0001). During
TTh withdrawal, four patients suffered acute urinary retention
and two underwent transurethral resection of the prostate
(TURP). One patient underwent TURP due to progressive severe
obstructive symptoms.

Discussion

Hypogonadism is now a recognized entity with clinically
associated features and comorbidities including obesity, MetS,
T2D, ED and LUTS. Treatment of hypogonadism with TTh,
although still widely debated, has been demonstrated in most
studies to improve parameters of obesity and body composition,
erectile function, symptoms of diabetes and QoL which has in
turn contributed to the rapid rise in TTh use over the past decade
[11]. Despite this increased use of testosterone as a therapy for
hypogonadism and testosterone deficiency, relatively little is
known about the long-term and even lifelong treatment strategy
needed with respect to safety and maintenance of symptom
benefits. In this study, we have demonstrated that long-term TTh
improves parameters of obesity and LUTS without prostate safety
concerns in hypogonadal men and the new finding that a mean
16.9-month treatment interruption abrogates these effects, yet
treatment reinstatement subsequently restores improvements.
Relatively little is known about the required duration of
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treatment with TTh in hypogonadism. Many studies demonstrate
beneficial effects of TTh are short-term studies. Some long-
term observational follow-up studies report substantial and
continuous improvements in weight and waist circumference and
decreased BMI in hypogonadal men treated with testosterone
undecanoate over a 5-year period [17-22]. Similarly, we and
others have shown that long-term 5-year TTh is associated with
improvements in LUTS [6,15]. Almost all TTh studies, however, are
not specifically designed to assess the time course of treatment
effects thus limiting the ability to interpret results. This highlights
the need for long-term investigations of sustainability of clinical
improvements with and without treatment withdrawal. Indeed,
the differential responses to continuous TTh overtime are of
importance both for the management of patient expectations and
their adherence to therapy as well as for future TTh clinical trial
design to produce meaningful and quantifiable measurements.
To date, few studies have investigated the consequence of
withdrawing TTh in androgen-deficient patients after substantial
treatment duration which has brought about beneficial effects.
Of these limited studies, conflicting data exists. Schroeder et al.
demonstrated that 12 weeks treatment with the anabolic steroid
oxandrolone resulted in significant reductions in total, trunk and
appendicular fat assessed by dual energy X-ray absorptiometry
scan in overweight older men with low testosterone [13]. These
changes in body composition were accompanied by improvements
in estimates of insulin sensitivity and alterations in lipid profiles.

Twelve weeks after discontinuing oxandrolone treatment,
approximately 83% of the observed reductions in total, trunk
and extremity fat were maintained suggesting that androgen
therapy produced significant and sustainable improvements in
body composition that were associated with improvements in
measures of insulin sensitivity [13]. In agreement, Francomano
et al. demonstrated that the improvements in obesity parameters
(BMI, WC, subtotal and trunk fat) seen in severely obese
hypogonadal men after 54-weeks of reduced calorie diet, physical
exercise and TTh versus diet and exercise intervention alone were
maintained 24-weeks post-treatment withdrawal [15]. However,
improvements in weight, lean mass and cardiovascular risk score,
evaluated using the risk engine derived from the “Progetto Cuore
study [15], returned to baseline. Sustained anti-inflammatory
effects of TTH after treatment cessation were also demonstrated in
men with T2D and partial androgen deficiency [14]. The reduction
or complete abrogation of spontaneous ex vivo production of
proinflammatory cytokines (interleukin-1b, interleukin-6 and
tumor necrosis factor-a) by circulating monocytes and dendritic
cells observed following 12 months of intramuscular testosterone
enanthate were maintained 3 months following treatment
withdrawal. These studies only monitored parameters over a
relatively short duration of testosterone withdrawal, particularly
when it is considered that effects of testosterone on weight and
body composition may take between 6 and 12 months [11].
Therefore, the maintenance of some measures in these studies may
occur over the short-term but may be gradually lost over longer
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durations. Indeed, we present evidence in the current study that a
period of 16.9 months TTh withdrawal leads to loss of treatment
improvements in obesity, LUTS, ED and QoL parameters and have
previously reported similar effects on metabolic parameters [23].

Testosterone is associated with QoL and ED and although it has
been difficult to relate plasma testosterone to LUTS preliminary
evidence also indicates a relationship between the two [24]. LUTS
is an important determinant of QoL. As previously reported [6,25],
TTH was associated with improvements in QoL, ED and LUTS in
the present study. Furthermore, inflammation is implicated in
ED, voiding function and depression, therefore, QoL. Giltay et al.
[26] have previously demonstrated that CRP, a marker of systemic
low-grade inflammation, is increased in hypogonadal men and
that TTh reduces this. In parallel, an association between CRP and
AMS was observed further linking inflammation, QoL and ED with
testosterone. Previous investigations, however, did not assess TTH
withdrawal and the subsequent effects of treatment reinstatement
post-withdrawal which is shown to re-establish improvements in
the present study suggesting continued treatment is required to
maintain TTh associated benefits. TTh has been available since
1939. Concerns have been raised with regard to the safety of
TTh in men with suggestions that it may stimulate the growth of
androgen dependent tumors to advance or cause prostate cancer.
Although controlled studies which report the safety of testosterone
therapy in men with prostate cancer are currently lacking, the
limited available evidence suggests that such treatment may not
pose an undue risk of prostate cancer recurrence, progression
or development [27]. Prostate volume and PSA measures were
increased with TTh in patients in the present study. Without the
use of a placebo-controlled group, we cannot ascertain whether
the increase in PSA and prostate volume was significantly above
that of the normal aging population. Whilst the incidence of
prostate cancer is not unexpected in an elderly cohort of patients,
previous studies suggest that testosterone therapy does not
increase the risk of prostate cancer though this information
should be continued to be captured through long-term, controlled
trials [28].

Clinical practice guidelines [29] were followed throughout this
study with vigilant monitoring of such prostate health parameters
at baseline and subsequent treatment visits. No patient exceeded
the safety levels and no complications such as acute urinary
retention or prostate surgery were reported throughout the study
treatment period. Interruption of TTh did halt prostate volume
increases and reduce PSA levels, suggesting a direct treatment
effect on these parameters. Prostate symptoms and residual
voiding volume, however, were improved with treatment and
significantly regressed during the interruption, indicating that
patient risk-benefit should be considered in cases of TTh and
withdrawal. In fact, during TTh interruption four patients had
suffered acute urinary retention, two underwent TURP and one
patient underwent TURP due to progressive severe obstructive
symptoms, although the causality of these features could not be
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determined. Large, controlled, long-term outcome studies are
required to provide further evidence on TTH safety. Importantly,
TTh has not been associated with clinically significant increases in
PSA or an increased risk of prostate cancer, and TTh is associated
with a lower risk of worsening LUTS in some studies [30]. The
present study has a few limitations. This was an observational
study with no placebo-controlled group and, therefore, did
not allow direct effects of treatment versus nontreatment to
be compared. However, this was not the primary focus of the

study. Furthermore, ethical issues of not treating hypogonadal
men who presented at our clinic would be raised. Whilst there
is a justification for further prospective randomized controlled
studies, the large patient cohort and long-term follow-up period of
up to 11-years permits clinically meaningful data (Figure 1). These
data demonstrate that interruption of TTh resulted in worsening
of symptoms in hypogonadal men, and that Hypogonadism may
therefore require lifelong treatment to maintain the observed
benefits 31, 32.
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Figure 1: Hypogonadal men (mean age 59.5) underwent testosterone replacement therapy (TTH) for a maximum of 11 years.
Group A had TTH interrupted for approximately 1.5 years and resumed thereafter. Group B were treated continuously. Prior to
interruption, TTH resulted in improvements in residual voiding volume, bladder wall thickness, C-reactive protein (CRP), aging
male symptoms (AMS), International Index of Erectile Function (IIEF-EF) and International Prostate Symptoms Scores (IPSS)
and obesity parameters while prostate-specific antigen (PSA) and prostate volume increased. TTH interruption reduced total
testosterone to hypogonadal concentrations in Group A and resulted in worsening of obesity parameters, AMS, IPSS, residual
voiding volume and bladder wall thickness, IIEF-EF and PSA while CRP and prostate volume were unchanged until treatment
resumed whereby these effects were reversed. In Group B, parameters continued to improve throughout or remained the same
during the equivalent interruption and post-interruption periods. Group A, n 147; Group B, n 115.
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