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ORIGINAL ARTICLE

Long-term testosterone therapy improves liver parameters and steatosis in
hypogonadal men: a prospective controlled registry study

Aksam A. Yassina,b,c,d, Mustafa Alwanie, Riadh Taliba,b, Yousef Almehmadid,f, Joanne E. Nettleshipg,
Khalid Alrumaihia,b,c, Bassam Albabac, Daniel M. Kellyg,h and Farid Saadc

aDepartment of Surgery, Division of Urology/Andrology & Men‘s Health, Hamad Medical Corporation, Doha, Qatar; bWeill Cornell
Medical School (WCM-Q), Doha, Qatar; cCenter of Medicine and Health Sciences, Dresden International University, Dresden, Germany;
dInstitute of Urology & Andrology, Andrology Program, Norderstedt, Germany; eSchool of Medicine, University of Science and
Technology Jordan, Irbid, Jordan; fRabigh Medical College, King Abdulaziz University, Rabigh, Saudi Arabia; gDepartment of Oncology
and Metabolism, Medical School, University of Sheffield, Sheffield, UK; hBiomolecular Research Centre, Sheffield Hallam University,
Sheffield, UK;

ABSTRACT
Non-alcoholic fatty liver disease (NAFLD) is associated with cardiovascular disease (CVD) and
both are prevalent in men with testosterone deficiency. Long-term effects of testosterone ther-
apy (TTh) on NAFLD are not well studied. This observational, prospective, cumulative registry
study assesses long-term effects of testosterone undecanoate (TU) on hepatic physiology and
function in 505 hypogonadal men (T levels �350ng/dL). Three hundred and twenty one men
received TU 1000mg/12weeks for up to 12 years following an initial 6-week interval (T-group),
while 184 who opted against TTh served as controls (C-group). T-group patients exhibited
decreased fatty liver index (FLI, calculated according to Mayo Clinic guidelines) (83.6 ± 12.08 to
66.91±19.38), c-GT (39.31± 11.62 to 28.95±7.57U/L), bilirubin (1.64±4.13 to 1.21 ± 1.89mg/dL)
and triglycerides (252.35±90.99 to 213±65.91mg/dL) over 12 years. Waist circumference and
body mass index were also reduced in the T-group (107.17 ± 9.64 to 100.34 ±9.03 cm and
31.51±4.32 to 29.03± 3.77 kg/m2). There were 25 deaths (7.8%) in the T-group of which 11
(44%) were cardiovascular related. In contrast, 28 patients (15.2%) died in C-group, and all
deaths (100%) were attributed to CVD. These data suggest that long-term TTh improves hepatic
steatosis and liver function in hypogonadal men. Improvements in liver function may have con-
tributed to reduced CVD-related mortality.
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Introduction

In recent decades, the prevalence of hepatic steatosis
has increased substantially, reaching 10–24% in the
overall global population, and is directly associated
with the increased incidence of type 2 diabetes (T2D)
and obesity that afflicts western societies [1]. Hepatic
steatosis is characterised by fat deposition in the liver
and is considered the precursor to non-alcoholic fatty
liver disease (NAFLD). As NAFLD progresses, liver
inflammation and damage can occur ultimately lead-
ing to cirrhosis, liver failure and often hepatocarci-
noma. Hepatic steatosis linearly correlates with
incidence of T2D and metabolic syndrome (MetS),
obesity and key features of these diseases including
insulin resistance, hyperinsulinemia and dyslipidemia
[2–4]. NAFLD prevalence ranges from 50% to 75% in
patients with T2D [5–8] and from 80% to 90% in
obese patients [9–11]. Hepatic steatosis increases CVD

risk and cardiovascular events in patients with T2D
(odds ratio 1.84) [12–15]. Indeed, with their shared
aetiology hepatic steatosis and atherosclerosis are
often considered tissue specific manifestations of the
same cardiometabolic pathology [16].

In addition to the characteristic symptoms of func-
tional hypogonadism such as impaired libido, erectile
dysfunction, fatigue, increased risk of depression and
reduced quality of life (QoL) [17], low testosterone is
associated with T2D, MetS and is considered an inde-
pendent cardiovascular risk factor [18–20]. T2D is
prevalent in men with low testosterone levels and
increases the risk of cardiovascular disease (CVD) in
this population [21,22]. Testosterone therapy (TTh), the
primary treatment for alleviating symptoms of func-
tional hypogonadism, has been reported to reduce
insulin resistance, dyslipidemia and central adiposity,
improve glycaemic control and consequently decrease
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cardiovascular risk in hypogonadal men with T2D and/
or MetS [23–28].

A limited number of studies have explored the rela-
tionship between hepatic steatosis and testosterone
often with conflicting results. Some population-based
studies report a correlation between low circulating
serum testosterone levels and hepatic steatosis [29–32],
whereas others found no association [33]. Hepatic stea-
tosis, defined by sonographic criteria, has been demon-
strated to be directly correlated with a total
testosterone level lower than 14.2 nmol/L in men in a
retrospective cohort study even after adjusting for con-
founding factors including age, BMI, smoking, diabetes,
and visceral adipose tissue [29]. Furthermore, it was
reported that low total testosterone levels in healthy
Korean men were inversely associated with NAFLD and
this association persisted after controlling for the effect
of visceral adiposity, insulin resistance and low grade
inflammation, indicating an independent correlation
[30]. In obese men with sleep apnoea, 18weeks of TTh
led to improvements in insulin sensitivity and reduced
liver fat content assessed by CT imaging despite the
men not being initially selected for low testosterone
[34]. Supporting these clinical findings, several animal
studies have also demonstrated beneficial effects of tes-
tosterone on hepatic steatosis. Hepatic lipid deposition
is elevated in animal models of testosterone deficiency
fed a high fat diet [35–37] an effect that is abrogated
following TTh [36,38]. The improvement in hepatic
physiology as a result of TTh was accompanied by
altered expression of important regulatory genes
involved in hepatic lipid assembly and secretion [36].
Moreover, TTh ameliorated hepatic steatosis and steato-
hepatitis by supressing endoplasmic reticulum stress,
inhibiting macrovesicular lipid droplet formation and
promoting very-low-density lipoprotein export in cas-
trated male rats [38].

Hypogonadism in men with hepatic steatosis is
likely to be multifactorial. Patients with low testoster-
one levels often have comorbidities such as T2D, MetS
and CVD which may contribute to hepatic steatosis
and can ultimately perpetuate hypogonadism through
the hypogonadal-obesity-adipocytokine axis [39].
While experimental and clinical data suggest physio-
logical testosterone, whether endogenous or adminis-
tered, may prevent or ameliorate hepatic steatosis in
males, few studies investigate the direct effects of
long-term TTh on hepatic steatosis. The present long-
term registry study investigates hepatic steatosis and
parameters of liver function in hypogonadal men fol-
lowing 12-years of TTh to establish the role of testos-
terone in hepatic pathophysiology.

Methods

For this observational, prospective, cumulative registry
study 505 elderly men (mean age: 61.4 ± 9.7 years)
with symptoms of functional hypogonadism, where
symptoms were defined as at least moderate symp-
toms on the Aging Males’ Symptoms scale, and a total
testosterone (TT) �350 ng/dL (�12.1 nmol/L) were
identified for inclusion. Exclusion criteria included
active prostrate or male breast cancer, indicated desire
for paternity (especially in younger patients), allergy to
ingredients in the testosterone formulation, acute
heart disease within last 6months or uncontrolled
blood pressure problems. The study protocol conforms
to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the
German €Arztekammer (German medical association),
and written informed consent was obtained from each
patient included in the study and for receiving their
treatment protocol. Three hundred and twenty one
men received 1000mg testosterone undecanoate (TU)
parenterally every 12weeks, following an initial 6-
week interval, for up to 12 years (T-group). TTh was
temporarily discontinued in 147 of these men after
5.5 years for 17months (mean) due to reimbursement
issues. TTh was re-established in these patients upon
resolution of the issues. The 184 men who opted
against TTh comprised the control group (C-group).

Total testosterone and SHGB were measured by
enzyme-linked immunosorbent assay (Axym System,
Abbott Germany. Threshold: 10–73 nmol/L). The effects
of long-term TU on hepatic steatosis was assessed
biannually by measuring fatty liver index (FLI), calcu-
lated based on waist circumference (WC), body mass
index (BMI), triglyceride, and gamma-glutamyl-transfer-
ase (c-GT) using the formula published by Bedogni G
et al. [40]. A FLI <30 rules out (negative likelihood
ratio: 0. 2) and a FLI �60 indicates with a positive like-
lihood ratio of 4.3 that the patient has hepatic stea-
tosis. Parameters of liver function, serum gamma-
glutamyl transferase (c-GT), aspartate transaminase
(AST) and alanine transaminase (ALT) were assessed
enzymatically on the Abbott Alinity c analytical sys-
tem. Bilirubin was measured by Photometric Colour
Test (Alinity C-Module Abbott).

Statistical analysis

The statistical analysis software Statistical Package for
Social Sciences (SPSS) v.11 for Windows (SPSS Inc.,
Chicago, IL) was used for data processing and analysis.
Data are expressed at each timepoint as mean group
values with standard deviations. Comparison of clinical

1554 A. A. YASSIN ET AL.



parameters between groups across the time points
was done using a mixed-effects, repeated-measures
model with period, group and their interaction as
fixed effects. Analysis of variance (ANOVA) was used
to compare continuous variables with significance
accepted where p< 0.05.

Results

Patient baseline characteristics included in this registry
are shown in Table 1. The mean baseline age for T-
group consisting of 321 patients was 59 ± 9.5 years,
with a mean follow-up of 8.3 ± 3.5 years. In the C-
group (184 patients), the mean age was
66.1 ± 7.6 years, and mean follow-up of 5.5 ± 1.6 years.
The FLI (p< 0.0001), bilirubin (p< 0.05), triglycerides
(p< 0.0005), BMI (p< 0.0001) and WC (p< 0.0001)
were significantly higher at baseline in the T-group
compared to the C-group. For all subsequent compari-
sons over the study duration, data were only available
for the T-group beyond 8-years.

Men in the T-group had a significant elevation in
TT levels following TTh at the 1-year follow-up
(7.74 nmol/L to 16.11 nmol/L, p< 0.0001), which was
sustained throughout the 8-year study period
(15.98 nmol/L), compared to C-group patients
(9.22 nmol/L at baseline to 9.24 nmol/L at 8-years)

(Figure 1). TT levels continued to increase beyond
8 years in the T-group with a mean concentration of
22.83 ± 2.34 nmol/L at 12 years (Figure 1). SHBG was
only measured in the T-group and declined from
36.68 ± 22.45 to 30.61 ± 13.85 at 8-years and then fur-
ther to 29.91 ± 9.17 at 12 -years. Haematocrit increased
in the T-group from 42.55 ± 3.94 to 45.96 ± 3.44 at 8-
years and declined in the C-group from 45.01 ± 3.78 to
42.75 ± 1.52. Haemoglobin increased in the T-group
from 14.14 ± 1.16 to 14.49 ± 0.98 and decreased in the
C-group from 13.75 ± 1.16 to 13.61 ± 0.93.

The FLI in the T-group decreased from 83.6 ± 12.08
at baseline to 66.91 ± 19.38 at 8-years (p< 0.001), com-
pared to the C-group which increased from
68.67 ± 19.35 to 81.35 ± 16.91 (p< 0.001); with years
3–8 having a significantly lower FLI in the T-group
compared to the C-group (p< 0.0001, Figure 2). The
decline in the FLI continued in the T-group up to 12-
years (59.13 ± 9.52).

c-GT significantly decreased in the T-group from
39.31 ± 11.62 at baseline to 28.95 ± 7.57U/L at 8-years
(p< 0.0001). By 12 years c-GT in the T-group had
decreased further to 24.65 ± 3.67. Whereas it increased
from 37.79 ± 29.55 at baseline to 39.5 ± 26.71U/L at 8-
years in the C-group (p< 0.005; Figure 3(A)) demon-
strating a between group difference from year 1 to
year 8 (p� 0.005). A non-significant decline in bilirubin
levels was observed in T-group patients from
1.64 ± 4.13 to 1.21 ± 1.89mg/dL (p¼ 0.1716), C-group
patients remained unchanged (1.04 ± 7.08 to
1.12 ± 1.96mg/dL; p> 0.05, Figure 3(B)). Although T-
group had significantly elevated bilirubin levels at
baseline (p< 0.05) by the 8 year point they were
reduced to similar levels to those in C-group. At
12 years in the T-group, bilirubin was 0.9 ± 0.15 which
was still not statistically significant vs. baseline.
Additionally, AST levels remained unchanged versus

Table 1. Baseline characteristics of Testosterone treatment
group (T-group) and control group (C-group).

Testosterone group Control group

N 321 184
Mean age (years) 59 ± 9.5 66.1 ± 7.6
Follow-up (years) 8.3 ± 3.5 5.5 ± 1.6
Testosterone (nmol/L) 7.7 ± 2.1 9.2 ± 2.4
Waist circumference (cm) 107 ± 10 100 ± 9
Weight (kg) 99 ± 13 91 ± 11
BMI (kg/m2) 31.5 ± 4.3 29.2 ± 3.2
FLI 83.6 ± 12.1 68.7 ± 19.4
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Figure 1. Total testosterone (nmol/L) in 321 hypogonadal men on long-term treatment with testosterone undecanoate and 184
untreated hypogonadal controls. �p< 0.0001 between groups.
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baseline at 8 years for both groups and at 12 years for
T-group (Figure 4(A)). Fluctuations occurred through-
out with statistically significant increased at 2
(p< 0.0005), 3 (p< 0.0001), 4 (p< 0.0005), and 7 years
(p< 0.01), then a significant decrease at 9 (p< 0.0001)
and 10 years (p< 0.001) but at no other time point for
the T-group, while AST significantly increased at 2
(p< 0.0005) and 4 years (p< 0.0005) for the C-group
but not at any other point in time. Between group

differences in AST were only demonstrable at 1
(p< 0.0001), 2 (p< 0.005) and 4 years (p< 0.005) with
the T-group having lower levels, but these differences
were not sustained. ALT levels declined slightly for
both patient-groups but not significantly so at the
end of the study period (Figure 4(B)). In the T-group,
ALT was significantly increased versus baseline at 2
(p< 0.005), 3 (p< 0.0001), 4 (p< 0.0005), and 5 years
(p< 0.05) and decreased at 8 (p< 0.05), 9 (p< 0.0001)

Baseline 1 2 3 4 5 6 7 8 9 10 11 12
50

60

70

80
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Timeline (Years)

FL
I

TTh

Control

* * * * * * * *NS

Figure 2. The Fatty Liver Index (FLI) in 321 hypogonadal men on long-term treatment with testosterone undecanoate and 184
untreated hypogonadal controls. �p< 0.0001 between groups.
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Figure 3. c-GT (A) and bilirubin levels (B) 321 hypogonadal men on long-term treatment with testosterone undecanoate and 184
untreated hypogonadal controls. Significance indicated between groups. �p< 0.0001.
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and 10 years (p< 0.0005), while C-group had an
increase statistically significant versus baseline only at
3 years (p< 0.05). Between group differences showed
a T-group ALT level significantly lower than the C-
group only at year 1 (p< 0.005).

Triglycerides decreased from 252.35 ± 90.99 at base-
line to 213 ± 65.91mg/dL at 8-years in the T-group
and increased from 196± 91.31 at baseline to
244.55 ± 61.39mg/dL at 8-years in the C-group after

8 years; although a significant difference between the
groups was reached after the first year and continued
up to 8 years (p< 0.0001, Figure 5). Triglyceride levels
continued to decline in the T-group up to 12-years
(175.01 ± 37.31, p< 0.0001 vs. baseline).

BMI decreased from 31.51 ± 4.32 at baseline to
29.03 ± 3.77 kg/m2 at 8-years in the T-group and
increased from 29.2 ± 3.22 at baseline to
30.68 ± 3.99 kg/m2 at 8-years in C-group (p< 0.01,
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(B)
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Figure 4. AST (A) and ALT (B) levels in 321 hypogonadal men on long-term treatment with testosterone undecanoate and 184
untreated hypogonadal controls. �p< 0.0001 between groups.
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Figure 5. Triglyceride levels in 321 hypogonadal men on long-term treatment with testosterone undecanoate and 184 untreated
hypogonadal controls. �p< 0.0001 between groups.
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Figure 6(A)). There was a significant difference of BMI
between the groups after 3 years and this trend con-
tinued up to 8 years. Furthermore, BMI continued to
decline in the T-group up to 12-years (27.57 ± 2.11,
p< 0.0001 vs. baseline). WC was reduced in the T-
group from 107.17 ± 9.64 at baseline to
100.34 ± 9.03 cm at 8-years and increased from
99.8 ± 9.13 at baseline to 104.65 ± 8.25 cm at 8-years in
the C-group (p< 0.05, Figure 6(B)). Similarly to BMI,
WC continued to decrease significantly in the T-group
compared to the C-group after 3 years of TTh. WC also

continued to decline in the T-group up to 12-years
(93.56 ± 3.05, p< 0.0001 vs. baseline).

Twenty-seven deaths (14.7%) were recorded in the
C-group, all of which were attributed to CVD including
myocardial infarction (13, 48%), stroke (7, 27%), heart
failure (3, 11%), aortic aneurysm (2, 7%) and lung
embolism (2, 7%) (Table 2). In contrast, significantly
less recorded deaths of 25 (7.8%, p¼ 0.0351) were
noted in the T-group, of which a lower proportion of
11 deaths (44%, p¼ 0.001) were due to CVD made up
of myocardial infarction (5, 20%), stroke (2, 8%), heart
failure (2, 8%), aortic aneurysm (1, 4%) and lung
embolism (1, 4%) (Table 2).

Discussion

Low testosterone levels in men and the resulting
hypogonadism correlates with components of MetS
and T2D and associated cardiovascular risk [3,4,41–43].
Furthermore, liver steatosis is indicative of metabolic
dysfunction and may be considered the hepatic mani-
festation of MetS common in T2D and increasing CVD
risk. Hepatic lipid deposition is independently associ-
ated with low testosterone levels in men [31]. TTh is
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Figure 6. BMI (A) and waist circumference (B) of 321 hypogonadal men on long-term treatment with testosterone undecanoate
and 184 untreated hypogonadal controls. �p< 0.0001 between groups.

Table 2. Adverse events observed in testosterone treatment
group (T-group) and control group (C-group).
Adverse events

Testosterone group Control group

N 321 184
Deaths (%) 25 (7.8%) 28 (15.2%)
Deaths due to CVD (%) 11 (44%)� 28 (100%)
Myocardial infarction 5 (20%) 13 (48%)
Stroke 2 (8%) 7 (27%)
Heart failure 2 (8%) 3 (11%)
Aortic aneurysm 1 (4%) 2 (7%)
Lung embolism 1 (4%) 2 (7%)

Note: �p< 0.001.
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widely reported to improve CVD risk and components
of MetS and T2D [44–48], yet the effects of testoster-
one on hepatic steatosis are not fully understood. In
this observational, prospective, registry study, we dem-
onstrate for the first time the beneficial effects of
long-term TTh in hypogonadal men on clinical meas-
ures of hepatic steatosis and liver function with an
associated reduction in cardiovascular death.

The majority of studies investigating hypogonadism
in the context of liver function have observed a link
between low testosterone and NAFLD. In agreement
with the present study, Barbonetti et al. [31] reported
an independent association between NAFLD and low
testosterone levels in male patients with chronic spinal
cord injury. Although, the patients included in the
study had an increased prevalence of metabolic and
lifestyle-related risk factors for NAFLD (such as reduced
physical activity, higher BMI and increased insulin
resistance and triglyceride levels), within this popula-
tion it was demonstrated that patients with fatty liver,
assessed by sonographic criteria, had reduced total
(261.6 ± 159.5 ng/dL) and free testosterone levels
(77.4 ± 51.7 pg/ml). The prevalence of NAFLD in men
with low testosterone was 85%. Although the relation-
ship was more pronounced in men exhibiting higher
BMI and increased insulin resistance, triglycerides and
c-GT levels the association still remained after adjust-
ing for these confounders. Only one, albeit large-scale,
population-based cross-sectional study reports an
association between low serum testosterone concen-
trations and hepatic steatosis in men [29]. Two smaller
studies report contrasting results in men with hepatic
steatosis with one identifying low serum concentra-
tions of testosterone in their patients and the other
reporting no significant differences in testosterone lev-
els compared to healthy men [32,33].

Interventional studies investigating TTh in hypo-
gonadal patients have primarily focussed on sexual
function restoration and improvements in metabolic
parameters such as obesity, insulin resistance, gly-
caemic control and lean muscle mass rather than on
parameters of hepatic steatosis and liver function.
Improvements in metabolic parameters including insu-
lin resistance and reduced liver fat are seen following
18weeks of TTh in obese men with sleep apnea,
although no effect on overall body weight was
demonstrated [34]. Conversely, results from two
randomized controlled trials in elderly men with low
testosterone levels reported no effect of 6months of
TTh on hepatic fat content as assessed by magnetic
resonance imaging (MRI) or magnetic resonance
spectroscopy (MRS) [49]. Similarly, a randomized

placebo-controlled trial of 44 hypogonadal men with
T2D reported unchanged hepatic fat content assessed
by MRI following 6months of TTh [50]. These previous
studies were relatively short-term in treatment length
and had smaller cohorts compared to the current
study, where we report the rapid and continuous
reduction in the FLI following TTh. This is the first
study to suggest that long-term TTh reduces lipid
accumulation in the liver and maintains improvements
in liver function up to 12 years.

The effect of TTh on hepatic steatosis could also be
mediated via improvements in the various compo-
nents of MetS and T2D, as outlined previously [39,48].
The negative correlation of hepatic steatosis with
MetS and T2D components such as obesity, insulin
resistance and dyslipidemia, observed in previous
studies further supports this hypothesis [6,51,52].
Furthermore, the improvement in BMI and WC along-
side the reduction in triglycerides in the T-group sug-
gests metabolic parameters were improved compared
to the C-group. TTh has been shown to reduce BMI
and WC in hypogonadal men regardless of testoster-
one formulation and administration route [53]. This
collective continuous improvement of metabolic
parameters following TTh highlights the beneficial
effects of long-term TTh on body composition and tri-
glycerides that may improve the degree of liver stea-
tosis in hypogonadal men and contribute to
cardiometabolic health.

Compelling evidence of a direct impact of testoster-
one upon liver physiology has been obtained from
animal models. A greater degree of hepatic steatosis
and inflammation was observed in hepatic androgen
receptor (AR) knock-out mice [54], 5a-reductase type 1
knock-out mice [55] and testicular feminized (Tfm)
mice which have non-functional AR and low circulat-
ing levels of testosterone [36]. Similarly, severe andro-
gen deficiency induced by surgical orchiectomy in
rodents is associated with the development of hepatic
steatosis in male mice and rats fed a high-fat diet, and
TTh can significantly reduce the degree of hepatic
lipid deposition in these testosterone deficient animals
[36,37]. Mechanistically, TTh has been implicated in
reducing expression of Acaca, Fasn and Srebf1 genes
involved in hepatic lipid assembly and secretion
[35,36,56], which may therefore contribute to ectopic
lipid deposition. It has also been hypothesized that
androgens could modulate liver fatty acid b-oxidation
and de novo lipid synthesis via regulation of SREBF-1c,
a key regulator of fatty acid synthesis, and its primary
target gene SCD1 that catalyses the rate-limiting step
in the synthesis monounsaturated fatty acids [54]. In
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further support of this hypothesis, dihydrotestosterone
treatment in orchidectomized rats was associated with
decreased lipid accumulation, potentially by decreas-
ing fatty acid and cholesterol synthesis and increasing
b-oxidation [57]. Nevertheless, mechanistic findings
have only arisen from animal studies, and their validity
to the relationship between low testosterone levels
and hepatic steatosis in humans remains to be estab-
lished from studies assessing biopsy samples in TTh
clinical trials.

Improved liver function in the T-group as evidenced
by reduced c-GT and bilirubin levels, suggests
improvement of metabolic parameters. c-GT is a gluta-
thione catalase protein, the major thiol antioxidant.
Elevated serum c-GT is a marker of oxidative stress
and is associated with the presence of hepatic stea-
tosis [58]. Elevated serum c-GT correlates with the
presence of CVD and has been identified in atheroma-
tous plaques where it plays a role in LDL oxidation,
platelet aggregation, apoptosis and influences plaque
rupture [59,60]. Large epidemiological studies suggest
an association between elevated c-GT activity with
CVD and CVD-related mortality [60–62]. Furthermore, a
study investigating the effects of TTh on 225 hypo-
gonadal men with MetS found that AST and ALT levels
decline over 5 years [63]. The current study observed
moderately increased levels of ALT, exceeding those
of AST at baseline in both groups, the typically
observed biochemical pattern in hepatic steatosis.
However, we report no significant change following
TTh, and levels of AST and ALT were within the nor-
mal range (8–48 and 7–55U/L, respectively) through-
out the study for both groups. Studies have reported
that an elevated AST/ALT ratio is significantly associ-
ated with increased risk of developing CVD in men
[64,65]; however another study did not observe this
association [66] and indicate that c-GT is a superior
liver function biomarker associated with CVD [60].
Parameters of liver function and steatosis are influ-
enced by alcohol consumption, and while there was
no indication of changes in alcohol intake of patients
between the groups, the present study did not specif-
ically assess alcohol consumption and should therefore
be considered a potential confounding factor and limi-
tation of the observations.

Finally, the reduction in CVD related deaths in the
T-group agrees with previous reports of improved car-
diovascular health and reduced mortality in hypo-
gonadal men that receive TTh [67,68]. It is not certain
whether the reduction in CVD related deaths was due
to the reduction in hepatic steatosis and improved
function. Indeed, patients with NAFLD possess a high

risk of developing CVD with shared pathogenic aeti-
ology, and improvement in hepatic steatosis concomi-
tantly decreases cardiovascular risk [16]. Furthermore,
long-term TTh has been shown to have favourable
effects on multiple organ systems [69]. The improve-
ment in body composition and metabolic parameters
in the present study did correspond with improved
hepatic steatosis, feasibly reducing number of deaths
attributed to CVD in the T-group. Although no signifi-
cant differences in age were reported between the
groups, death rates were not corrected for age and
therefore we acknowledge that mortality data should
be interpreted with caution.

This observational study is not without inherent
limitations. As the current study is not a randomised
controlled trial with a placebo arm, it does not allow
direct comparison of testosterone versus non-treat-
ment in matched patients, limiting the scope of inter-
pretation. The primary focus of the study was to
assess the long-term effectiveness and safety of TU
injections in comparison to a voluntarily untreated
hypogonadal control group rather than liver steatosis
and function. At baseline, several parameters relating
to liver function (FLI, bilirubin, triglycerides, BMI and
WC) were significantly higher in the T-group com-
pared to the C-group which may indicate a selection
bias where patients undergoing treatment have the
most pre-existing disease. However, it is notable that
men in the T-group were not healthier than the con-
trols as this would represent a bias in terms of cardio-
vascular events and mortality. This study does present
clinically meaningful data of a large patient cohort
with long-term follow-up-period of up to 12-years and
demonstrates effects that justify further investigation
and prospective randomised placebo controlled stud-
ies to further delineate the relationship between tes-
tosterone and hepatic steatosis. As indicated in the
methods, several patients discontinued TTh for a tem-
porary period during the course of follow-up due to
reimbursement issues. This interruption in treatment
may explain some of the trend reversals demonstrated
in treated patients for some parameters, particularly
between 6 and 8 years. This is also demonstrable in
the total testosterone levels achieved in the treatment
group, although the group mean remained in the
physiological range. This additionally may have
reduced the inter-group differences in liver function
and associated parameters. Indeed, we have previously
shown that TTh withdrawal results in a loss of benefi-
cial effects on several cardiometabolic risk factors in
hypogonadal men with treatment reinstatement
restoring the positive effects [70,71]. Finally, the
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current study used measures of total testosterone to
indicate androgen status. While SHBG was measured
in patients receiving TTh it was not analysed in control
patients due to financial reasons and this not being
an randomised clinical trial, therefore comparative
measures of free and bioavailable testosterone were
not assessed. This allows SHBG as a potential con-
founder in both testosterone action and as a meta-
bolic factor that may influence study outcomes.

In conclusion, this study indicates that long-term
TTh does not worsen liver function, but on the con-
trary is associated with a possible improvement and
highlights the potential beneficial effects of long-term
TTh on liver steatosis in hypogonadal men.
Consequently, as hepatic steatosis is a cardiometabolic
risk factor, this study also suggests this improvement
may reduce CVD-related mortality in these patients.
Large randomized and placebo-controlled trials are
necessary to elucidate the impact of TTh on hepatic
function and steatosis in association with cardiovascu-
lar risk in hypogonadal men.
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