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a significant reduction of fat and with an increase of 
lean mass as well as with a reduction of fasting gly-
cemia and homeostasis model assessment (HOMA) 
index (Table 1). Similar results were observed for total 
cholesterol and triglyceride levels when only RCTs 
enrolling hypogonadal (total T<12 mol/L) subjects 
were considered (Table 1). Conversely, no improve-
ment in high density lipoprotein (HDL) cholesterol 
levels or in either systolic or diastolic blood pressure 
was observed (Table 1). In addition, the outcomes 
were better in younger individuals and in those with 
metabolic diseases.63 Finally, when the data were 
analyzed according to the type of T preparation used, 
no improvement in body composition (both lean and 
fat mass modification) and glycemic control was 
observed in those trials using oral T preparations, 
whereas the use of both transdermal and parenteral 
preparations were effective with the application of 
the latter drugs resulting in better outcomes.63 The 
observed improvement in glucose metabolism can 
be ascribed to either increased muscle mass or to 
decreased fat mass. However, our data suggest that 

increased muscle mass is most probably responsible 
for the more favorable glucose metabolism associated 
with TS. In fact, the positive associations between T 
levels, glycemia and HOMA-IR index were confirmed 
in a multivariate model after adjusting for lean, but 
not fat, mass.63 Similarly, in an experimental model 
of MetS-associated hypogonadism, obtained by feed-
ing rabbits a high-fat diet, we demonstrated that T 
administration was able to dramatically reduce visceral 
adiposity and, in cultured adipocytes, to increase insulin 
sensitivity and triglyceride metabolism.43 Hence, our 
data show that TS might help hypogonadal individuals 
in changing body composition, glucose metabolism, 
and, possibly, weight. 

Considering the positive action of TS on body 
composition, and in particular on muscle mass and 
strength, it is possible that in established hypogonadal 
obese men, combining the effect of TS with lifestyle 
modifications could result in better outcomes. So far, 
five RCTs64-68 have specifically evaluated the effect 
of a combined therapy with TS and lifestyle modi-
fication on HG-associated metabolic derangements 
and body composition. Overall, the available RCTs 
enrolled 243 patients, with a mean follow-up of 36.8 
weeks. By meta-analyzing these subjects we recently 
reported that the combination of TS and lifestyle 
modifications is able to produce better outcomes than 
lifestyle behaviors alone, including the improvement 
of body composition (reduction of WC and fat mass 
and increase in lean mass), lipid profile (reduction of 
triglycerides levels), insulin resistance (reduction of 
insulin levels and HOMA index) and diastolic blood 
pressure (Table 2).18

TS and sexual function 

The effects of TS on male sexual functions in 
ED subjects are still very controversial.69,70 Another 
controversial issue is the effect of TS on phosphodies-
terase type 5 (PDE5) inhibitor (PDE5i) outcomes.70-72 
A substantial improvement in the response to PDE5is 
was seen in 37.5–92% of these men following a com-
bination of T therapy with PDE5is.70-72 However, data 
on placebo controlled RCTs are more conflicting.73-76 

We recently reported the largest, updated meta-
analysis evaluating the effect of TS on male sexual 
function and its synergism with the use of PDE5is in 
RCTs comparing the effect of TS vs. placebo or the 

Table 1. Mean difference or mean standardized differences in several 
clinical parameters after testosterone substitution as derived from 
meta-analysis of the available evidence (adapted from ref.# 63)
Clinical parameter Outcome
Body composition
Weight (kg) 0.43 [-0.54; 1.39]
Body Mass Index (kg/m2) -0.66 [-2.66; 1.35]
Waist circumferences (cm) 0.25 [-0.09; 0.58]
Fat mass (standardised mean) -0.32 [-0.44; -0.19]**
Lean mass (standardised mean) 0.51 [0.37; 0.66]**
Glucose profile
Fasting glycemia (mM) -0.34 [-0.51; -0.17]**
HOMA index -0.80 [-1.16; -0.45]**
Lipid profile
Total cholesterol (mM) -0.357 [-0.61; -0.13]**§

Triglycerides (mM) -0.22 [-0.37; -0.08]*§

HDL cholesterol (mM) -0.03 [-0.08; 0.01]
Blood pressure
Systolic blood pressure (mmHg) 0.94 [-1.08; 2.96]
Diastolic blood pressure (mmHg) 0.95 [-0.66; 2.54]
*p<0.05, **p<0.0001; § only studies enrolling hypogonadal (total 
testosterone <12 nM) subjects were considered. HDL: high density 
lipoprotein; RCT: randomized controlled trial.


