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Abstract Low testosterone is frequently found in obese
men over all ages. The relationship between obesity and
low testosterone levels in men is complex and appar-
ently bidirectional. Low testosterone and SHBG levels
predict the development of central obesity and are as-
sociated with an increased risk of developing metabolic
syndrome and type 2 diabetes and higher mortality rate
for cardiovascular disease. By contrast, obesity predicts
low total and free testosterone levels. Several mecha-
nisms interfering with the hypothalamic pituitary gonad-
al axis have been suggested as responsible for low
testosterone production in obese subjects without, how-
ever, any clear understanding. Life-style measures
achieving a substantial weight loss may increase testos-
terone levels, whereas clear data on whether exogenous
testosterone treatment in obese men, without an estab-
lished hypogonadic state, may improve body fat content,
visceral adiposity and insulin resistance are still missing.
Further studies on the pathophysiological mechanisms
and on the efficacy of testosterone treatment in obese
men with low testosterone levels are needed.
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Introduction

Obesity is a heterogeneous disorder related to environmental
and genetic factors, whose incidence has dramatically in-
creased. According to the World Health Organization world-
wide data for 2008, there are more then 1.5 billion people
who are overweight and nearly 200 million men who are
obese [1]. This condition has a profound impact on health,
particularly for its well-known comorbidities such as type 2
diabetes and cardiovascular disease, etc. Approximately half
of obese men may present with lower than normal testoster-
one levels, which may play a role in the pathophysiology of
metabolic and cardiovascular comorbidities by impairing
their quality of life [2••].

Several epidemiological studies have established an in-
verse correlation between obesity and serum total and free
testosterone levels in men of all ages [3–6], however, al-
though many underlying pathophysiological mechanisms
have been proposed, many more need to be elucidated.

The relationship between obesity and low testosterone
levels appears to be complex and multifactorial. Obese
men may present with abnormal levels of reproductive
hormones due to changes in their secretion and metabolism,
alterations in their transport and/or action at target tissues.
Insulin resistance with compensatory hyperinsulinemia with
the increased release from adipose tissue of several adipokines
and cytokines, and higher estradiol promotion rate due to
increase aromatase activity, which in turn alters both directly
or indirectly the hypothalamic pituitary gonadal axis, have
been suggested to be a major responsibility for low testoster-
one levels in obese subjects [7]. Finally, obesity and particu-
larly central adiposity are potent risk factors for obstructive
sleep apnea (OSA), which per se affects testosterone levels
regardless of the degree of excess of body weight [8].

Although it is reported that obesity is associated with
profound alterations in testosterone production rate and
metabolic clearance, it is also true that, by contrast, low
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testosterone levels in primary or secondary hypogonadic
states may in turn lead to increase visceral adiposity and
insulin resistance. In this context, the deficit of testosterone
is further emphasized by the fact that testosterone treatment
in hypogonadic men may improve insulin sensitivity and fat
content [2••, 9].

This review will focus on the recent findings on the
relationship between testosterone levels and obesity. We
briefly summarize the current data on the epidemiology,
the putative mechanisms and therapeutic implications.

Low Testosterone Levels and Obesity: Evidence
from Clinical and Epidemiological Studies

In males, circulating testosterone blood levels have been
shown to be influenced by body weight and composition.
In particular, an inverse correlation between body composi-
tion and both total testosterone and SHBG and, to a lesser
extent, free circulating testosterone has been described in
men of different ages [5].

This correlation becomes significantly greater in the pres-
ence of another component of the metabolic syndrome,
resulting in a more severe decrease of testosterone blood
levels [10–12].

The decrease in testosterone levels appears to be more
pronounced in men with abdominal adipose fat distribution
since waist circumference and waist to hip ratio (WHR),
indirect measurements of visceral body fat distribution, have
been negatively associated with both total and free testos-
terone and SHBG levels [13, 14, 15•].

Recent data from the Massachusetts Male Aging Study
(MMAS) [16] and the European Male Aging Study (EMAS)
[17] performed in large groups of middle-aged and elderly
men have shown that body mass index (BMI) and waist
circumference or WHR measurements are independently
associated with decreased values of both total and free
testosterone.

The relationship between total and free testosterone and
SHBG levels with visceral adiposity has been examined
with more accurate measurements of abdominal fat distri-
bution such as dual-energy x-ray absorptiometry (DEXA)
and magnetic resonance imaging. Nielsen and colleagues
[18] showed that in a group of 783 Danish men, aged 20-
29 yrs, the amount of visceral adipose tissue was indepen-
dently and inversely correlated with total and free testoster-
one, suggesting a direct effect of visceral adipose tissue on
circulating testosterone levels.

Therefore the total amount of fat mass and specifically an
increase of visceral adipose tissue are both responsible for
low testosterone levels; however, whether low testosterone
levels precede or are the consequence of obesity has not
been fully elucidated.

Several studies have analyzed the longitudinal relation-
ship of obesity as a modifier of sex hormone concentrations.
In the MMAS, the authors examined whether changes in
adiposity predicted follow-up modification- of androgen
concentrations during a period of approximately 9 years,
and found that obesity could predict the decline in total
and free testosterone and SHBG over time, regardless of
whether obesity was defined by BMI or by waist circumfer-
ence. It was also shown that men changing from normal
weight to obese over time had a significant reduction in total
and free testosterone and SHBG levels. On the other hand,
men who were consistently obese had a significantly greater
rate of decline in hormone levels during the study period [19].

Whether a baseline endogenous testosterone blood level
could predict adiposity was also investigated. Khaw and
Barrett-Conner [14] found that total testosterone and SHBG
were inversely related to central adiposity estimated with
WHR over a follow up period of 12-15 years. Similarly, in a
cohort of Japanese–American men followed for 7.5 years,
low baseline testosterone levels significantly predicted an
increase of intra-abdominal fat by CT scan [20]. These data
have been confirmed by the Multi-Ethnic Study of Athero-
sclerosis in which, in a mixed racial/ethnic group of 2708
men, the authors showed a negative association of total
testosterone and SHBG levels with WHR at baseline and
at follow up [15•]. In particular, the authors found an in-
creasing degree of obesity over time in men with lower
baseline testosterone and SHBG levels. Interestingly, this
association also remained significant when testosterone was
adjusted for SHBG levels.

Prevalence of Low Testosterone in Obesity

The prevalence of low testosterone has been evaluated by
several authors in a large population of middle-aged and
older men reaching different numerical conclusions,
depending on whether free or total testosterone was used
to make the diagnosis, however all showed an increasing
rate of hypotestosteronemia with increasing age, BMI and
according to the presence of comorbidities, including dia-
betes and metabolic syndrome.

This has been particularly defined by two large studies,
the MMAS [21] and the EMAS [22].

Only one cross-sectional study, the Hypogonadism In
Males Study (HIM), analyzed the prevalence of low testos-
terone levels in a selected population of subjects stratified
by BMI. This study enrolled a cohort of 1849 men, aged 45-
96 yrs, with the aim of investigating the association between
obesity and low testosterone, and of comparing the preva-
lence of low testosterone with obesity and diabetes separate-
ly and together. The data showed a 40 percent prevalence of
low testosterone, based on total and free testosterone levels,
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in obese non-diabetic men. In addition, in men with diabe-
tes, whether obese or not, lower levels of testosterone than
in non-diabetic men across all BMI categories were
reported, and in both groups testosterone levels significantly
decreased as BMI increased [2••].

Pathophysiological Mechanisms of Low Testosterone
in Obese Men

Several pathophysiological mechanisms have been sug-
gested as responsible for low testosterone in obese males.
Besides the known effect of massive obesity in inducing a
partial hypogonadotrophic hypogonadism due to a reduction
in the amplitude but not frequency of spontaneous LH pulse
[23], many other factors appear to be involved in determin-
ing low testosterone in obese men (Fig. 1).

Insulin Resistance

Obesity, in particular visceral adiposity, is closely asso-
ciated with insulin resistance and compensatory hyper-
insulinemia. Insulin excess is known to inhibit hepatic
SHBG secretion in vitro [24] and in vivo [25], thus
explaining the decrease of SHBG levels frequently
found in obese male subjects. However, other mecha-
nisms related to insulin resistance and associated hyper-
insulinemia may be responsible for low testosterone
levels in insulin resistant men that cannot only be
explained by changes in SHBG blood levels. In fact, a
functional defect at different levels of the hypothalamic-
pituitary gonadal axis in the presence of an insulin-
resistant state has been reported. Pitteloud and col-
leagues found that hyperinsulinemia may directly exert
a suppressive effect on testicular Leydig cell steroido-
genesis [26]. Moreover, it has been reported that mice
with a selective neuron deletion of the insulin receptor
gene display a decrease of LH blood concentrations by
60-90 % which in turn leads to low testosterone levels

[27]. By contrast, a facilitation of GnRH secretion was
reported in vitro after incubation of hypothalamic neu-
rons with insulin [28, 29].

These data suggest a positive relationship between tes-
tosterone levels and insulin sensitivity in men that are inde-
pendent of SHBG production.

Estrogens

In the mesenchymal cells and preadipocytes of adipose
tissue of male subjects, androgens can be converted to
estrogens by aromatase. The estrogen production rate is
closely related to body weight as the increase in adipose
tissue mass leads to increased aromatase activity [30, 31].
This increase in circulating estradiol levels may in turn lead
to an inhibition of the hypothalamic GnRH secretion
and LH pulsatility which results in a reduction of go-
nadal testosterone production [32]. Moreover, estrogen
excess may also directly inhibit gonadal 17-alpha-
hydroxylase and 17,20 lyase activity, thus inhibiting
Leydig cell steroidogenesis [33].

On the other hand, available data on the estradiol blood
concentrations in obese males are contradicting. In fact, few
studies have really shown higher than normal estradiol con-
centrations in obese men compared with non-obese men
[23, 30, 34] and a statistically positive association between
estradiol concentration with BMI and waist circumference
[5, 35], whereas other more recent studies did not [2••, 36].

Interestingly, it has also been shown that short term
treatment with aromatase inhibitors in morbidly obese sub-
jects may improve testosterone levels [37], which
strongly supports a direct role of estrogen excess in
lowering testosterone through factors increasing aroma-
tase activity in obesity.

Adipokines and Cytokines

The adipose tissue is made up of adipocytes and macro-
phages that are capable of producing adipose-derived hor-
mones such as adipokines and cytokines which exert both
paracrine and endocrine activities. This specifically applies
to visceral fat tissue that is associated with an increase in
adipokines and cytokines which play an important role in
determining both local and generalized low-grade inflam-
mation state [38]. Several of these adipokines have been
involved in the development of insulin resistance and, addi-
tionally, have been shown to increase oxidative stress in the
testes [39]. Among the adipokines, leptin and adiponectin
will be addressed in this review.

Leptin is primarily secreted by adipocytes and its func-
tion is to reduce appetite and increase energy expenditure in
the body. In obese men, leptin levels are not only progres-
sively elevated with increasing body weight and excess
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Fig. 1 Mechanisms underline low testosterone in obesity
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body fat tissue, but also display an inverse correlation with
testosterone levels [40].

In vitro and in vivo studies have in fact shown that leptin
affects testosterone production by directly inhibiting Leydig
cell function by blocking the conversion of 17-OH-
progesterone into testosterone [40, 41] and indirectly, at
hypothalamic level, by altering gonadotropin releasing hor-
mone (GnRH) neuronal function through modulation of
hypothalamic Kiss 1 gene expression, an important regula-
tor of the neuroendocrine network regulating the gonadal
axis. In fact, leptin activates the long isoform leptin receptor
b (LRb) expressing kisspeptin neurons in the arcuate nucle-
us that are the most potent activators of GnRH neurons, thus
stimulating the release of LH and FSH by the pituitary gland
[42]. Studies in vitro and in vivo have also shown that serum
leptin is reduced after testosterone administration [43]
which is consistent with a bidirectional regulation of the
leptin gonadal function.

Besides these effects at different levels of the hypotha-
lamic pituitary gonadal axis, leptin has also been found to
favor macrophage secretion of pro-inflammatory cytokines,
therefore promoting an insulin-resistance state, which fur-
ther supports the role of compensatory insulin excess at both
hypothalamic and gonadal levels [44].

Adiponectin, a circulating hormone predominantly se-
creted by mature adipocytes that has an important role
in regulating energy metabolism and insulin sensitivity
[45] may also interact with testosterone levels in men.
Adiponectin plays an important protective role in the
development of the metabolic syndrome and cardiovas-
cular disease [46]. Notably, circulating levels of adipo-
nectin are lower in obese subjects compared with
normal weight people and its levels are inversely corre-
lated with abdominal fat mass [47]. In addition, a sig-
nificant correlation has been reported between adiponectin
and testosterone levels in males. Testosterone seems to nega-
tively influence adiponectin concentrations, as documented in
cases of supraphysiological androgen administration; howev-
er, it may favor increased adiponectin levels in the case of
adequate androgen administration [48].

Obesity is also associated with increased in pro-
inflammatory cytokines release mainly from adipose tissue–
derivedmacrophages such as tumor necrosis factorα (TNFα),
Interleukin-6 (IL6), Interleukin-8 (IL-8) and many others.

Cytokines, as well as adipokines, may influence testos-
terone levels by directly interfering with the hypothalamic
pituitary gonadal axis and indirectly altering insulin trans-
duction pathway.

In vitro studies have shown that TNFα and IL6 are able
to suppress GnRH and LH secretion thus reducing periph-
eral testosterone secretion [49, 50].

Elevated TNFα in adipose tissue is known to contribute
to insulin resistance together with IL6 by inhibiting insulin

receptor transduction in tissue [51]. Recently, Gautier and
colleagues [36] showed that IL-6 is associated with low total
and bioavailable testosterone levels in dysmetabolic men,
reinforcing the important role of low-grade visceral fat
inflammation in obesity related to low testosterone levels
in males.

Therefore, although the biological role of the increase in
macrophage infiltration into adipose tissue and consequent
cytokines release in obesity need to be fully established, we
can speculate that these pro-inflammatory mediators may
contribute to lower testosterone levels in obese men directly
or indirectly favoring an insulin resistance state.

Obstructive Sleep Apnea

Obese men, particularly those with abdominal pheno-
type, frequently present with obstructive sleep apnea
(OSA), which is characterized by obstruction of the
upper airways. OSA may play an independent role with
respect to obesity or excess visceral fat in decreasing
testosterone levels. In healthy men, testosterone is se-
creted with specific patterns, characterized by increasing
levels during sleep with a maximum around the time of
awakening and lower levels during the day. In addition,
sleep has a strong influence on testosterone secretion
regardless of the time of the day [8]; in particular, it has
been demonstrated that the first REM episode is specif-
ically related to the rise in testosterone levels. The
mechanisms responsible for the sleep-related rise in
testosterone levels are unknown although it has been
suggested they are primarily dependent on LH levels.
A reduced nocturnal rise in testosterone levels has been
described in disturbed sleep, such as low sleep efficien-
cy or OSA. Studies performed in young adults have
shown that during total deprivation of sleep androgen
concentrations declined significantly, whereas once sleep
was recovered testosterone levels promptly returned to
normal [52, 53]. We have also shown that in patients
with obesity and OSA the severity of hypoxia during
sleep hours may be an additional factor in reducing
testosterone levels, regardless of BMI and abdominal
fatness [54]. This may contribute in worsening metabol-
ic abnormalities which in men with OSA exceed those
expected on the basis of the degree of obesity and
pattern of fat distribution.

Relative Hypercortisolism

There is an increased turnover and production of glucocorti-
coids in obesity. This increased glucocorticoid flux has been
suggested to reflect an abnormal control of the hypothalamic
pituitary adrenal axis in obese patients, which may deter-
mine an inhibition of the hypothalamic-pituitary gonadal
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axis. This topic has been extensively reviewed in a recent
review (for more details, see Pasquali et al. [55]).

How to Measure Testosterone Level in Obese Males

In general, the biochemical diagnosis of androgen deficien-
cy characterized by subphysiological serum levels of total
testosterone remains a controversial issue due to the variety
and relative diagnostic accuracy of assays usually available
in most laboratories. Total testosterone concentrations are
measured by semi- automated radioimmunoassays, immu-
nometric assays, or liquid chromatography tandem mass
spectrometry. The widely used methods electro chemilumi-
nescent immunoassay and liquid chromatography tandem
mass spectrometry have been compared, showing no signif-
icant differences in values usually found in the male phys-
iological range [56].

However, there is general agreement that total testosterone
might not reflect the true androgen status. Testosterone circu-
lates mostly bound to two plasma proteins: approximately 50-
60 % of the hormone is bound with high affinity to SHBG,
while 40-50 % is loosely bound to albumin and 2 % is
unbound. Total testosterone levels are influenced by SHBG
whose levels can be altered by different conditions or diseases,
such as aging, obesity, diabetes, hyper- and hypothyroidism,
and acromegaly, as well as by certain medications [57]. In the
presence of obesity SHBG may be variably reduced as a
consequence of the coexistent insulin-resistant state [25],
therefore the measurement of total testosterone may not be
diagnostic in obese men, in whom clinicians should evaluate
eventually the bioavailable or free testosterone fraction.

Since the measurement of free testosterone by radio-
immunoassay has been criticized due to the lack of
accuracy and linearity, free testosterone values, calculat-
ed from total testosterone, SHBG and albumin using the
equilibrium –binding theory or empirical equations,
should be preferably used [58]. However, normal ranges
for free and bioavailable testosterone levels in healthy
young men are still undefined and in addition they may
vary among laboratories and assays used [57, 59]. In
addition, there is evidence that testosterone blood values
may depend on some genetic background. In fact, a
recent meta-analysis of genome wide association studies
revealed novel genetic variations within the SHBG gene
and on the X chromosome which significantly affect
circulating testosterone concentrations in men. In partic-
ular, one of the identified genetic variations was asso-
ciated with an alteration in SHBG binding affinity for
testosterone and the measured free testosterone concen-
trations [60••]. The clinical usefulness of these genetic
variations remains to be elucidated since they may im-
pact testosterone bioavailability and action at target

tissue levels. Interestingly, these data open a new pro-
spective in the identification of men with low testosterone
levels in whom genetic of SHBG as well as its circulating
blood levels should be taken into account.

The Meaning of Low Serum Testosterone Levels
in Obese Males

Low Testosterone as a Risk Factor for Metabolic Syndrome
and Type 2 Diabetes

Several longitudinal population studies analyzing the asso-
ciation between testosterone and the metabolic syndrome
revealed that low baseline testosterone concentrations in
middle-aged and older men are a strong predictor for the
incidence of the metabolic syndrome and future develop-
ment of type 2 diabetes [61–66]. This association has also
been reported in young men aged 20-39 years [67] regard-
less of race and/or ethnicity [10].

Furthermore, the MMAS [61] and a Finish study con-
ducted by Laaksonen and colleagues [64] demonstrated that
the relationship between testosterone and future develop-
ment of metabolic syndrome and diabetes was relatively
independent of adiposity. Similar findings were also
reported by the Third National Health and Nutrition Survey
(NHANES III) where 1413 adult men were analyzed [68].
This study showed that men in the lowest tertile of either
free or bioavailable testosterone, but not total testosterone,
are approximately four times more likely to develop diabe-
tes compared with those in the third tertile after adjustment
for adiposity, age, race and ethnicity. To further reinforce
this perspective, Muller and colleagues [69] showed that
higher testosterone and SHBG levels in aging males were
independently associated with a higher insulin sensitivity
and a reduced risk of the metabolic syndrome, regardless of
insulin levels and parameters of body composition, which
suggests that normal androgen status may be protective
against the development of the metabolic syndrome.

On the other hand, Laaksonen et al. [64] examined
whether changes in metabolic status predicted follow up
levels and changes of sex hormone concentrations in a
group of 685 men aged 42-60 years during a period of
approximately 11 years. The authors showed that men
with the metabolic syndrome were 2.6-2.9 times more
likely to develop hypogonadism than those without it.
In addition, those developing the metabolic syndrome
during the follow up had a three fold higher risk of
becoming hypogonadic, while in those men who had the
metabolic syndrome at both baseline and during the
follow up had and continued to have a metabolic syn-
drome during the study, the relative risk was 5.7-7.4
times higher.
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Low Testosterone as a Risk Factor for Cardiovascular
Disease and All Causes of Mortality

Several studies analyzing the impact of low testosterone levels
on cardiovascular diseases, revealed that decreasing testoster-
one levels were associated with an increased incidence of
atherosclerosis [70], stroke , or transient ischemic attacks
[71] and with higher mortality rate, largely due to cardiovas-
cular disease, particularly in aged men [67, 72, 73].

An inverse relationship between carotid artery intima-media
thickness, an independent marker of future adverse events for
cardiovascular disease, and testosterone levels has been
reported in different populations including relative young or
aged men [74], men with diabetes [75] and finally overweight-
obese men with glucose intolerance [76]. This relationship was
independent of age, BMI and other metabolic abnormalities
[77]. An additional prospective study of men aged 73-91 found
a marked progression of the degree of carotid intima media
thickness over a four-years follow-up in subjects characterized
by the lowest testosterone values at baseline [78].

In a prospective population-based study, total and bio-
available testosterone deficiency in aged men was associat-
ed with increased risk of death over the following 20 years,
independently of other risk factors and pre-existing health
condition [79]. In particular, the authors found that men with
total testosterone levels in the lowest quartile were 40 %
more likely to die than those in the highest quartile, inde-
pendent of age, adiposity, and lifestyle. This association was
also independent of the presence of metabolic syndrome,
diabetes, and prevalent cardiovascular diseases. In case-
specific analyses, low testosterone predicted increased risk
of cardiovascular disease mortality but was not significantly
related to cancer death. These data confirmed those of the
European Prospective Investigation Into Cancer in Norfolk
(EPIC-Norfolk) case-control study that revealed an inverse
relationship between endogenous testosterone concentration
at baseline and mortality for all causes [70].

Interventional Studies on Obese Men with Low
Testosterone Levels: Effect of Weight Loss
on Testosterone Levels

The preferred way to improve testosterone levels in obese men
should be life style intervention. In fact, although the data
regarding the effect of weight loss on sex steroids in men have
been conflicting, the majority of them have shown that this
hormonal abnormality can be reversed by significant weight
reduction. Weight loss achieved by dietary restriction [80–83]
or bariatric surgery in humans, especially in morbidly obese
men, has been reported to improve insulin sensitivity and
androgen levels, with an increase in total testosterone to ap-
proximately 50 % and free testosterone from 12 to 43 % [84,

85]. However, weight reduction has been associated either with
an increase [34, 86] or no influence on SHBG blood concen-
trations [83], which indirectly suggests that the increased an-
drogen levels obtained after weight loss may not be only the
consequence of changes in hormone transport binding. On the
other hand, Niskanen and colleagues have also demonstrated
that rapid weight loss with a very low calorie diet followed by
successful weight maintenance for 12 months in abdominally
obese men with the metabolic syndrome lead to a substantial
increase in total and free testosterone as well as SHBG levels
[87]. These findings are also supported by animal studies in
which it was reported that a high calorie diet caused a decrease
in serum testosterone levels together with significant weight
gain [88], whereas hypocaloric dieting aimed at reversing
excess body weight was able to improve serum testosterone
levels to normal levels [89]. By contrast, it should be taken into
consideration that negative studies on the impact of weight loss
on both total and free testosterone levels have been published
[90, 91], which reinforce the need of large long term random-
ized control studies.

Intervention Studies on Obese Men with Low
Testosterone Levels: Effect of Testosterone on Body
Composition and Insulin-Resistance

Testosterone replacement therapy administered to estab-
lished hypogonadic patients has been proven to achieve
beneficial effects on body composition by reducing the
amount of visceral fat content and by increasing lean body
mass, and improving most of the metabolic comorbidities
such as insulin sensitivity and dyslipidemia [92]. On the
other hand, studies conducted in men with prostate cancer,
where androgen deprivation therapy was used, showed an
increased accumulation of abdominal fat mass and an im-
pairment of insulin sensitivity [93].

The rationale of testosterone effects have been explained
by in vitro studies in culture cells where androgens proved
to promote myogenic differentiation of multipotent mesen-
chymal stem cells and to inhibit their differentiation into the
adipogenic lineage [94, 95].

Exogenous testosterone administration as a treatment for
obesity has been examined in two double-blind studies and a
few case reports. Two decades ago, Marin and colleagues
treated 23 and 17 middle-aged obese men without diabetes
with moderate doses of transdermal preparations of testos-
terone for 8 and 9 months respectively. Testosterone treat-
ment reduced both visceral fat amount, evaluated by CT
scan, and insulin resistance, measured by euglycemic glu-
cose clamp [96, 97].

Since then, several other studies have been performed
mainly in aged men with late onset hypogonadism with low-
normal testosterone levels. Besides using different
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testosterone doses and treatment duration, these studies infor-
mally confirmed the effect of testosterone in reducing body fat
mass and increasing lean body mass, whereas conflicting
results on changes in visceral fat mass, insulin levels and
insulin-resistance have been reported. These topics have been
extensively reviewed in several recent review (more details in
[98, 99•]). These discrepancies indicate that more accurate and
selective population-based long-term studies are needed to
clarify the potential benefit of testosterone treatment in obese
men with low testosterone levels.

Conclusions

In summary, several related mechanisms have been suggested
to explain low testosterone in men with obesity. Whether low
sex steroid levels precede or are the consequence of obesity is
still unknown; however, it is clear that both conditions are
unsafe since low testosterone and obesity per se are associated
with an increased risk of developing the metabolic syndrome
and cardiovascular disease and with higher mortality rates.

There is still no consensus on how to treat obese men
with low testosterone with life style intervention in addition
or not to androgen supplementation. Short term replacement
therapy with exogenous testosterone may be considered
initially, although it cannot replace long term lifestyle meas-
ures including physical activity.

Doses and treatment periods should be different from estab-
lished hypogonadic patients in whom well-known dosage
regimes and lifelong therapy are needed. Moreover, data re-
garding the chronic use of androgen supplementation inmiddle
aged obese men in term of efficacy and safety are still missing.

Pathophysiological studies in obese subjects are needed
to clarify the endocrine function of adipose tissue, that
seems to have a dominant role in altering, either directly
or indirectly, the hypothalamic pituitary gonadal activity,
and therefore helping to find a more appropriate treatment
for this condition.
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