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ABSTRACT

Testosterone therapy (TTh) is the primary treatment for aging men with functional hypogonad-
ism. Whilst the benefits of testosterone (T) replacement are well-evidenced, the long-term data
for TTh on metabolic and endocrine parameters is limited. Here we present the effect of TTh on
endocrine parameters in hypogonadal men at a 12-year follow-up. In this single-centre, cumula-
tive, prospective, registry study, 321 hypogonadal men (mean age: 58.9 years) received testoster-
one undecanoate injections in 12-week intervals for up to 12 years. Blood samples were taken at
every other visit to measure levels of total T (TT), calculated free T, sex hormone-binding globu-
lin (SHBG), estradiol, luteinizing hormone (LH), follicle-stimulating hormone (FSH), progesterone
and prolactin. We observed an increase in TT of 15.5 nmol/L (p < 0.0001), a reduction in SHBG of
10.5 nmol/L (p <0.0001) and an increase in calculated free T of 383.04 pmol/L (p < 0.0001) over
the study period. This was accompanied by an increase in estradiol levels by 14.9 pmol/L
(p < 0.0001), and decreases in progesterone (0.2 ng/mL, p < 0.0001), LH (10.4 U/L, p < 0.0001) and
FSH (8.4U/L, p<0.0001) were demonstrated at 12-years. The levels of prolactin remained
unchanged. Long-term TTh altered hormonal parameters to predictably modify the endocrine
system. These effects were sustained during the entire observation time of 12 years.
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Introduction

The age-associated decline in total testosterone (TT) is
a well-established phenomenon in men and is termed
functional hypogonadism when symptomatic [1-3].
According to the Baltimore Longitudinal Study of
Aging (BLSA), nearly 12% of men in their 50s are
hypogonadal, which increases to 20% and 30% for
those in their 60s and 70s respectively [1]. Increased
life expectancy and the rising prevalence of obesity
and type Il diabetes, especially in western society, are
expected to further increase the prevalence of hypo-
gonadism in coming years [4].

Hypogonadism, or T deficiency, is characterised by
impaired libido, fatigue, infertility and increased risk of
depression and therefore can have a significant impact
on quality of life (QoL) [5,6]. Furthermore, an increase
in all-cause and cardiovascular mortality consistently
correlated with low T in large population studies [7,8].

Metabolic syndrome (MetS) which encompasses obes-
ity and its associated comorbidities such as hyperten-
sion, dyslipidemia, insulin resistance, dysregulation of
glucose metabolism and decrease in muscle mass also
correlates with lower TT levels [9] and thereby contrib-
utes to its association to cardiovascular disease.

T deficiency and its associated symptoms are
potentially reversible and testosterone therapy (TTh)
remains the primary treatment option. Indeed, several
long-term studies have reported improved sexual
function, body composition and reduced risk of CVD
following TTh in hypogonadal men [10-16]. Whilst the
immediate beneficial effects of TTh are well evidenced,
the long-term effects of exogenous T on physiological
parameters remain limited. In a previous report, we
described the long-term effects of TTh on anthropo-
metric and metabolic parameters in hypogonadal men
at a 10-year follow-up [12], and here we present an
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update on the endocrine parameters at 12 years in our
patient cohort.

Patients and methods

This was a population-based single-centre, prospective,
cumulative registry study in 321 hypogonadal men
(mean age: 58.9+9.52years; age-range: 19-84years)
receiving long-acting T undecanoate (TU) (Nebido®,
Bayer AG, Berlin, Germany) TTh as 1000 mg injections in
12-week intervals for a maximum of 12years. The base-
line TT in the cohort was <3.50 ng/mL (<12.1 nmol/L),
and the patients had at least moderate symptoms of
hypogonadism as assessed by the Aging Males’
Symptoms (AMS) scale [17]. Approval from the ethics
committee was obtained at the institution in line with
guidelines formulated by the German Arztekammer
(German Medical Association). Patients were enrolled
after signing informed written consent and all data was
treated with confidentiality.

As previously described [11,18], TTh was temporarily
interrupted in 147 men after a mean duration of
65.5 months due to reimbursement problems (n = 140),
or a diagnosis of prostate cancer (n=7). The mean dur-
ation of this interruption was 16.9 months, and the
treatment was resumed thereafter. Three patients
dropped out of the study for unknown reasons.
Treatment compliance was 100% as all injections were
administered at the clinical visit and were documented.

Blood samples were collected from the patients at
every other visit throughout the study period. Endocrine
parameters consisting of TT, SHBG (sex hormone-binding
globulin), estradiol, luteinising hormone (LH), follicle-
stimulating hormone (FSH), progesterone and prolactin
were measured by an independent commercial labora-
tory. Free T was calculated using Vermeulen's for-
mula [19].

Statistical analysis

The data for patients are averaged across each year of
their participation in the study and are expressed as
mean values with standard deviations at each time
point. Baseline parameter values are recorded before
the first TU injection. Analysis of variance (ANOVA)
was used to compare continuous variable change
from baseline and change from the previous year.
Statistical analysis was performed using the Statistical
Package for Social Sciences v.18 (SPSS Inc., Chicago,
USA) and GraphPad Prism version 8.4.3 (GraphPad
Software, La Jolla, CA, USA). A value of p <0.05 was
considered significant.

Results

Following TTh, we observed an increase in TT from
7.74+2.14nmol/L at baseline to within a range of 17 to
23 nmol/L (p < 0.0001), with a mean of 22.83 +2.34 nmol/L
indicating an average increase of 15.5nmol/L. Serum TT
increased significantly in the first two years of the treat-
ment, after which a steady state was reached (Figure 1A).
Furthermore, in the group of patients that had their treat-
ment interrupted, a temporary reduction in baseline levels
in TT was observed (data reported elsewhere [18]). From
pre-treatment levels of 36.68 +22.45nmol/L, SHBG levels
declined steadily upon TU administration to a level
of 29.91+9.17 nmol/L at the 12-year follow-up (p < 0.0001;
Figure 1B). Free T significantly increased in the first two
years of the treatment, after which a steady state was
reached (Figure 1C). Furthermore, in the group of patients
that had their treatment interrupted, a temporary reduc-
tion in baseline levels in free T was observed (data
reported elsewhere [16]).

A significant increase in the levels of estradiol was
observed at the 12-year follow-up, rising from the
baseline of 25.26 + 14.83 pmol/L to 38.76 + 13.05 pmol/L
(Figure 2A). The most substantial increase occurred in
the first two years of treatment after which a plateau-
ing of the estradiol levels was observed for the dur-
ation of the study. The serum levels of progesterone,
LH and FSH decreased from the baseline levels of
0.39+0.23ng/mL to 0.23+£0.09ng/mL (p <0.0001),
10.31+3.71U/L to 0.031+£0.02U/L (p<0.0001) and
8.84+3.17U/L to 0.63+2.59U/L (p<0.0001) respect-
ively (Figure 2B-D). The gonadotropins (LH and FSH)
increased temporarily in the patient group with inter-
rupted treatment upon cessation of TTh but lowered
after the TTh recommenced (data shown elsewhere
[18]). The levels of prolactin remain unchanged from
a baseline of 11.0+£586ug/L to 10.8+5.85ug/L at a
12-year follow-up (Figure 2E).

Discussion

Declining serum T levels in men are well-documented
and TTh is a widely used treatment option to alleviate
the physiological symptoms associated with functional
hypogonadism [20,21]. To date, there has been limited
evidence on the long-term effects of TTh on physio-
logical parameters. Whilst we and others have pro-
vided some evidence of sustained benefit of TTh on
body mass index, weight circumference and other
metabolic parameters glucose metabolism [13,22-25],
the long-term effects on the endocrine profile of
hypogonadal men remain underexplored. Here, we
present data for the effect of TTh on a range of
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Figure 1. Three Bar Charts show the effect of long-term effect of TTh on (A) total testosterone, (B) sex hormone binding globulin
(SHBG) and (C) calculated free testosterone in hypogonadal men. All data are presented as mean £ SD and the values on the top-
right represent the change from baseline at 12years (*p < 0.05; **p < 0.01 and ***p < 0.0001 vs. baseline and # represents sig-

nificance vs. previous year).

hormones in 321 hypogonadal men at a 12-year fol-
low-up. This is of particular importance as monitoring
of endocrine parameters following TTh can inform on
the timeline where peak beneficial effects of T are
reached and subsequently maintained. Moreover,
alterations in the endocrine parameters may also pro-
vide an insight into any tolerance or insensitivity that
may develop to TTh as reported in some cases [26,27].

We observed a sustained elevation in TT levels over
the 12-year period compared to the pre-treatment
baseline, consistent with previous long-term studies
[12,22]. This demonstrates the efficacy of TU as a treat-
ment modality for T replacement returning levels to
within the physiological range for men. Indeed, adher-
ence to treatment was 100% as the administration
was controlled and documented in the clinical setting.
This along with the long-acting formulation extending
interval-between-treatment compared to daily trans-
dermal or nasal applications, make TU an advanta-
geous mode of long-term TTh with sustained effects.

Importantly, no major adverse cardiac event occurred
during the entire observation time. Concomitant to
the increase in TT, there was a decline in SHBG over
the study period, therefore resulting in an increase in
calculated free T levels. Under normal physiology,
approximately 40-65% of the total T is thought to be
bound to SHBG and only 1-2% is free T [28]. Although
there is increasing evidence to suggest that SHBG can
participate in signal transduction via its own receptor
[29,30], and that T may be able to signal at least partly
via cell surface receptors negating the need to be car-
rier-free to cross the cell membrane [31], the majority
of the physiological role of T is mediated by free T
fraction. In fact, free T has been shown to be a stron-
ger predictor of hypogonadism as well as hyperten-
sion and risk of prostate cancer [32-34]. Increasing
both TT and calculated free T in the present study
suggests that the benefits of T action, regardless of
signalling mechanism, will be maintained whilst
patients receive TTh. Free T levels returned to baseline
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Figure 2. Five Bar Charts showing the effect of long-term effect of TTh on (A) estradiol, (B) progesterone, (C) luteinizing hormone
(LH), (D) follicle stimulating hormone (FSH) and (E) prolactin in hypogonadal men. All data are presented as mean+SD and the
values on the top-right represent the change from baseline at 12 years (*p < 0.05; **p < 0.01 and ***p < 0.0001 vs. baseline and

# represents significance vs. previous year).

in the interrupted group further suggesting that long-
term TTh is required to maintain the beneficial effects
of T supplementation in hypogonadal men.

Although TTh improves the QoL of hypogondal
men, aromatisation of T, primarily in adipose tissue,
can lead to increases in serum estradiol [35]. The
extent to which T signals via conversion to estradiol
and subsequent activation of the estrogen receptor to
undertake tissue-specific actions remains unknown,
but the aromatisation to estrogen is responsible for
the majority of negative feedback of T on the

hypothalamic-pituitary axis [14]. The increased estra-
diol levels may also have implications for gynecomas-
tia [36], and alterations in inflammatory and immune
responses [37,38]. We did observe a dramatic rise in
the serum estradiol in the first two years of the TTh,
after which a plateau was reached. Nevertheless, the
mean serum estradiol concentrations at 12years fol-
lowing TTh were measured to be within the reference
range of 10-40pg/mL for men as outlined by the
Endocrine Society [39,40], and thus may have limited
clinical consequences. In our previous investigation,



we reported a significant reduction in BMI and waist
circumference for 411 hypogonadal men on long-term
TTh [23]. This reduction in obesity and consequently
adipose tissue might contribute to lower aromatiza-
tion of T and thus plateauing of estradiol levels within
the reference range observed here. However, serum
estradiol monitoring in hypogonadal men with TTh
may still be useful, especially if clinical symptoms
develop, and T dose-titration or use of aromatase
inhibitors could be required [36]. Moreover, it has
been suggested that instead of the effect of estradiol
itself, the ratio of T to estradiol may be more clinically
informative [41-43].

Progesterone is a precursor to T and very low levels
of the hormone affect spermatogenesis in men, and
its metabolites have functions in the central nervous
system, specifically regulating sleep and gonadotropin
secretion [44,45]. In healthy adult men, the reference
levels of progesterone have been reported to be in
the range of 0.13-0.97 ng/mL which encompasses the
levels observed in this study [46]. Moreover, even
though we observe a decrease in progesterone levels
over the time course of the study, the magnitude of
the effect is small and any biological consequences of
this decrease are unlikely.

The hypothalamic-pituitary-testicular (HPT) axis
maintains a dynamic equilibrium of serum levels of
the reproductive hormones through a closed feedback
loop to regulate hypothalamic gonadotropin-releasing
hormone (GnRH), LH and FSH produced in the pituit-
ary gland and T in the testis. TTh and the resultant
increase in serum TT levels have been shown to sup-
press LH and FSH levels previously [47], and in agree-
ment with this study. Another report suggests that the
suppression of LH secretion during TTh is greater as
men age due to alterations in the negative feedback
regulation of GnRH via increased estradiol [48]. The
increased estradiol observed in this study may there-
fore mediate a similar feedback regulation of gonado-
tropins thereby suppressing LH and FSH levels. TTh
mediated suppression of LH and FSH could lead to a
decrease in semen parameters and infertility, espe-
cially with longer-acting T formulations. Indeed, a
study has suggested that shorter-acting T with daily
troughs between doses, may allow for a more physio-
logical relevant pulsatile release of GnRH that main-
tains the production of LH and FSH [49]. Nevertheless,
a well-designed clinical trial is necessary to determine
whether short-acting TTh improves the symptoms
associated with hypogonadism.

Whilst prolactin receptors are present in the male
reproductive organs, the exact role of this hormone in
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male reproductive physiology remains unclear [50].
The secretion of GnRH by the hypothalamus is pulsa-
tile in nature and triggers LH and consequently T syn-
thesis. Prolactin inhibits this pulsatile secretion of
GnRH and therefore the release of LH and T. Serum
prolactin did not alter during the study period and
remained within the reference range of 2-18ng/mL for
males [51]. This is of importance as even mild to mod-
erate increases in serum prolactin, if chronic, may
negatively affect spermatogenesis and fertility as sug-
gested by studies in adult rats [52]. This effect on fer-
tility may be due to its participation in the HPT axis
described above [53], or via reduction in androgen-
binding protein expression which is a paracrine regu-
lator of spermatogenesis as described by Aleem
et al. [52].

The present study has limitations. This was an
observational study with no placebo-controlled group
and thus does not allow direct effects of treatment
versus non-treatment to be compared therefore limit-
ing the scope of interpretation of the presented find-
ings. Furthermore, a cohort of 147 patients had TTh
interrupted due to reimbursement issues and/or diag-
nosis of prostate cancer. Whilst this may skew the
data presented here, especially for years 6-8, we have
observed both here and previously [11], that with the
recommencement of TTh the hormone concentrations
return to pre-interruption levels. Thus, it is unlikely
that the interruption affected the circulating levels of
the hormones measured at the final 12-year follow-up.

In conclusion, this study provides comprehensive
data on the long-term effects of TTh on endocrine
parameters in hypogonadal mainly elderly men. The
data suggest that TTh affects the hormonal parame-
ters as expected by increasing TT, increasing estradiol
but within the reference range, suppressing LH and
FSH as part of the HPG feedback loop, decreasing pro-
gesterone and having no effect on prolactin.
Importantly, these effects are sustained during the
entire observation time of 12 years.
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