


Increasing	complexity	and	challenges	in

Male hypogonadism
Dimitrios	G.	Goulis

Associate	professor	of	Reproductive	Endocrinology
Aristotle	University	of	Thessaloniki,	Greece

Secretary	General,	European	Academy	of	Andrology
Secretary	General,	European	Menopause	and	Andropause Society

Christos	P.	Tsametis
Endocrinologist,	Clinical	Andrologist (EAA	certified)

Aristotle	University	of	Thessaloniki,	Greece

Unit	of	Reproductive	Endocrinology
Department	of	Obstetrics	and	Gynecology

Aristotle	University	of	Thessaloniki
Head:	Professor G.F.	Grimbizis



Conflict	of	Interest

• During	the	last	three	years,	we	have	received	educational	and	
research	grants	from	scientific	societies	and	pharmaceutical	
companies.	

• None	of	these	can	be	considered	as	conflict	of	interest	for	this	
lecture.



What	we	will	do

• Provide	current	concepts	of	male	hypogonadism

• Discuss	practical	issues	of	testosterone	supplementation	

• Emerge	the	role	of	life-style	interventions	on	the	management	of	
male	hypogonadism



What	we	will	not	do

• Go	in	details	for	each	individual	study	

• Stack	in	controversies	and	“grey	areas”





Rudyard	Kipling	(1965	- 1936)

I	had	six	honest	serving	men.	They	taught	me	all	I	knew.	
Their	names	were:	Where,	What,	When,	Why,	How	and	Who.



What?
What	is	male	hypogonadism?



Testicular	function

• Failure	of	endocrine	function
• Low	serum	testosterone
• Male	hypogonadism

• Failure	of	exocrine	function
• Poor	sperm	quality
• Male	infertility



Testicular	function

Hypogonadism	à Infertility	

Infertility	à Hypogonadism



What?
What	is	the	clinical	picture	of	male	hypogonadism?



Testosterone	actions





Clinical	picture

High	specificity
• Low	libido
• Decreased	morning	erections	
• Loss	of	body	hair
• Low	bone	mineral	density	(BMD)	
• Gynecomastia
• Small	testes

Low	specificity
• Fatigue
• Depression	
• Anemia
• Reduced	muscle	strength
• Increased	fat	mass



Hypogonadism	according	to	age

Boehm	U	et	al.	Nature	Rev Endocrinol 2015;11:547



Massachusetts	Male	Aging	Study	

• Relative	Risk (adjusted	for age)	for males with total T	<	200	ng/dl in
comparison to males with total T	400	- 600	ng/dl:

• 1.93	for	overall	mortality
• 3.30	for	disease-specific	mortality	(cancer)
• 1.93	for	disease-specific	mortality	(cardiovascular	disease)

Araujo	AB	et	al.	Endocrine	Society	Meeting,	2005



What?
What	are	the	types	of	hypogonadism?



Hypogonadotropic	hypogonadism	

• Failure	at	the	hypothalamus	–
pituitary	level	

• Kallmann’s syndrome



Hormonal	profile

Trabado S et	al.	J	Clin Endocrinol Metab 2014;99:E268
Young	J.	J	Clin Endocrinol Metab 2012;97:707



Snyder	PJ.	UpToDate,	2016



Hypergonadotropic hypogonadism	

• Failure	at	the	testicular	level	

• Klinefelter’s syndrome



Hormonal	profile

Nieschlag E.	Dtsch Arztebl Int 2013;110:347



Snyder	PJ.	UpToDate,	2016



Late-onset	hypogonadism	

• Failure	at	both	hypothalamus	–
pituitary	and	testicular	level	
• Associated	with	advanced	age

• Clinical	picture
• Hormonal	profile



Carr BR	et	al.	Williams	Textbook	of	Endocrinology	1992;8th edition



Wu	FCW	et	al.	N	Engl J	Med	2010;363:123
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Goulis	DG.	Anir 2008;5:88
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What?
When	else	do	we	have	to	take	under	consideration?



Metabolic	syndrome:	definitions

Leptin
Leptin is a protein, product of the ob gene, synthesized

mainly by the adipose tissue and to a lesser extent by the pla-
centa, the stomach and the skeletal muscles. Right after its syn-
thesis, leptin is secreted in the circulation and is transferred to
target tissues, either as a free molecule or in conjunction with
the soluble form of its receptor (Ob-R) (1). Leptin levels in
peripheral blood, like the levels of other hormones produced
by the adipose tissue, are in direct positive correlation with the
total mass of adipose tissue. Leptin secretion is characterized
by circadian rhythm, showing higher values during the night.
It plays a crucial role in the neuro-endocrine control of food
intake and energy balance, as it represses appetite and increas-
es energy consumption. Furthermore, leptin has been consid-
ered as a hormone of multiple actions, since recent studies
have indicated its effects on almost all the major endocrine
axes. The participation of leptin in the regulation of the hypo-
thalamic – pituitary – gonadal axis seems to be of great impor-
tance (2). At the level of the hypothalamus, leptin stimulates
the secretion of Gonadotrophin-Releasing Hormone (GnRH)
by the GnRH neurons, but not in a dose-dependent manner.
Indeed, in vitro studies have shown that for a certain range of
concentration (10¯12 to 10¯10 M) leptin stimulates GnRH

secretion, while in higher concentration (> 10¯8 M) a reduc-
tion in GnRH secretion is observed (3). Leptin seems to act on
GnRH-neurons either directly or via other neuropeptides, such
as melanocortin and neuropeptide Y (NPY). At the level of the
pituitary, gonadotropin-producing cells also express leptin
receptors and, thus, a direct stimulation of gonadotropin secre-
tion in association with the hypothalamic stimulation is possi-
ble (4,5). As a common regulatory factor for GnRH and
gonadotropin secretion, leptin plays a crucial role for the onset
of puberty, notifying the hypothalamus of the presence of the
minimum mass of adipose tissue required for puberty. It is
noteworthy that after puberty, leptin levels are higher in
women, denoting the stimulatory or inhibitory effect of estro-
gens and androgens, respectively, on the secretion of the hor-
mone by adipose tissue (6). Both ovaries and testes express an
adequate number of leptin receptors, indicating the important
effect of the hormone on that level too. If leptin concentration
in blood exceeds a certain level, sex hormone steroidogenesis is
reduced by direct suppression of the gonads (7).

Obesity is characterized by elevated leptin levels in serum,
proportional to the adipose tissue mass, as well as by the
absence of its circadian rhythm. Thus, in obesity a unique situ-
ation of “leptin resistance” is observed. According to that, there

168 D.G.Goulis

Table 1. Definitions of the metabolic syndrome. 
Organization WHO EGIR AACE NCEP / ATP III IDF 
Year 1999 1999 2003 2005 2005
Reference no. (15) (16) (17) (18,19) (20)
Required insulin resistance insulin resistance high risk of insulin waist > 94 cm (M)

(top 25 percent) OR fasting resistance OR > 80 cm (F)*
OR glucose>110 mg/dL hyperinsulinemia OR BMI 25 kg/m2
OR 2-h glucose (top 25 percent) OR waist > 102 cm (M) 
> 140 mg/dL OR waist > 88 cm (F)

Additional PLUS PLUS PLUS PLUS 
two of the following: two of the following: two of the following: three of the following: two of the following:

Glucose 110-125 mg/dL > 110 mg/dL > 100 mg/dL > 100 mg/dL
OR 2-hour glucose OR “on treatment” OR diabetes
>140 mg/dL

Blood pressure > 140 / 90 mm Hg > 140 / 90 mm Hg > 130 / 85 mm Hg > 130 / 85 mm Hg > 130 / 85 mm Hg 
OR “on treatment” OR “on treatment” OR ”on treatment”

HDL-cholesterol < 35 mg/dL (M) < 40 mg/dL < 40 mg/dL (M) < 40 mg/dL (M) < 40 mg/dL (M);
OR < 40 mg/dL (F) OR < 50 mg/dL (F) OR < 50 mg/dL (F) OR < 50 mg/dL (F)  

OR “on treatment” OR “on treatment” 
Triglycerides OR > 150 mg/dL OR > 180 mg/dL > 150 mg/dL > 150 mg/dL > 150 mg/dL

OR “on treatment” OR “on treatment” OR “on treatment”
Obesity waist/hip ratio>0.9 (M) waist > 94 cm (M) waist > 102 cm (M)  

OR > 0.85 (F) OR > 80 cm (F) OR > 88 cm (F)
OR BMI > 30 kg/m2

EGIR: European Group for the Study of Insulin Resistance, WHO: World Health Organization, AACE: American Association of Clinical Endocrinologists, NCEP /
ATP III: National Cholesterol Education Program / Adult Treatment Panel III, IDF: International Diabetes Federation, (M): males, (F): females, BMI: body mass
index, HDL: high density lipoprotein.

ANIR.41:ANIR. 38  9/4/08  3:05 PM  ������ 16



Wu	FCW	et	al.	N	Engl J	Med	2010;363:123



Goulis	DG	et	al.	Gynecol Endocrinol 2008;24:33
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Effect of the metabolic syndrome on
testicular function

Obesity and the hypothalamus–pituitary–testes axis

In an older study [4], fertile and subfertile obese men
were compared with fertile and subfertile men of
normal body weight in an attempt to demonstrate the
independent and interdependent effects of obesity
and subfertility on the hypothalamus–pituitary–
testes axis. The group of obese subfertile men had
significant endocrine alterations in comparison with
the group of fertile men of normal body weight.
Serum testosterone (T) levels were significantly
reduced and since estradiol (E2) levels remained
stable, the T/E2 ratio was significantly reduced. Sex
hormone-binding globulin (SHBG) levels were sig-
nificantly lower and negatively correlated with the
higher bioavailability of T and E2 in the group of
obese subfertile men. Serum luteinizing hormone
(LH) levels remained stable, denoting that free T

levels also remained stable. In summary, the group of
obese subfertile men presented endocrine alterations
that were not observed in men that had either obesity
or subfertility as the only underlying condition. The
study concluded that SHBG, total T and T/E2 ratio
levels could possibly be used as subfertility indices
among obese men.
In another study [5], metabolic and endocrine

parameters of 106 men, members of subfertile
couples, were evaluated. Studied parameters in-
cluded LH, follicle-stimulating hormone (FSH),
E2, free T, 17-hydroxyprogesterone, androstene-
dione (A), dehydroepiandrosterone sulfate, prolac-
tin, insulin, glucose, total cholesterol (TC) and
triglycerides (TG). Several metabolic and endocrine
alterations were observed. Dyslipidemia was diag-
nosed in 65% of the men (hypercholesterolemia
alone, hypertriglyceridemia alone, or a combination
of both), although 80% of them were younger than
40 years of age. A positive correlation between E2

and FSH was observed (r¼ 0.67, p5 0.0001) that
remained significant only when men with hyper-
estrogenemia were analyzed (E24 50 pg/ml, n¼ 27,
r¼ 0.68, p5 0.0001) but not those with normal
estrogen levels (n¼ 79, r¼ 0.10, p¼not significant).
It is noteworthy that of the total number of subfertile
men, 18% were obese and 30% overweight. In
addition, diabetes mellitus was diagnosed in 4.7%,
glucose intolerance in 15%, hypertension in 26% and
hypergonadotropic hypogonadism in 3.8%. In total,
only in nine of the 106 men (8.4%) were no
parameters of the metabolic syndrome present
despite their young age.
In obese men, irrespective of fertility status, the

reduction in serum total T and SHBG levels is

Table I. Definitions of the metabolic syndrome.

ATP III [1] WHO [2] AACE [3]

Three or more of the following:

. WC4102 cm (men),

. Insulin resistance

(one of the following):

. Obesity: BMI425 kg/m2

. TG4150 mg/dl
488 cm (women)

. TG4150 mg/dl

" type 2 DM

" impaired FG

. HDL-C540 mg/dl (men),

550 mg/dl (women)

. HDL-C 540 mg/dl (men), " impaired GT . BP4130/85 mmHg

550 mg/dl (women)
. BP4130/85 mmHg

. Plus any two of the following:
" antihypertension therapy and/or

. FG4110 mg/dl

. Glucose 120 min 4140 mg/dl

. FG4110 mg/dl BP4140/90 mmHg . Oher risk factors:

" TG4150 mg/dl " positive family history for
" HDL-C5 35 mg/dl (men),

539 mg/dl (women)

DM, hypertension or CVD

" PCOS

" BMI430 kg/m2 and/or

WHR40.9 (men),
40.85 (women)

" lack of physical activity

" older age
" ethnic groups with increased

" urinary albumin 420 mg/min or albumin/

creatinine ratio 430 mg/g

risk for DM or CVD

ATP, Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (National Cholesterol Education

Program); WHO, World Health Organization; AACE, American Association of Clinical Endocrinologists; WC, waist circumference; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure; FG, fasting glucose; DM, diabetes mellitus; GT, glucose

tolerance; BMI, body mass index; WHR, waist-to-hip ratio; CVD, cardiovascular disease; PCOS, polycystic ovary syndrome.

Figure 1. Proposed model of interaction between metabolic
syndrome and testicular dysfunction.

34 D. G. Goulis & B. C. Tarlatzis



Figure 1 Schematic overview of the hypothalamic–pituitary–testicular axis: KISS1 and leptin resistance. GnRH released by the ARC of the hypo-
thalamus stimulates the synthesis and release of the gonadotrophins FSH and LH by the pituitary. These gonadotrophins are transported to the testis
where FSH stimulates, among others, inhibin production by the Sertoli cells (indicated by black arrowheads). Inhibin has a direct and specific negative
feedback effect on the pituitary release of FSH. LH stimulates testosterone production by the Leydig cells (indicated by small black arrows). Testos-
terone has an indirect local effect on spermatogenesis by binding to its receptors in the Sertoli cell nuclei. After entering the circulation, testosterone
can either be transported to the hypothalamus or to the adipose tissue, where it is converted to estradiol. Both testosterone and estradiol exert an
indirect negative feedback effect on hypothalamic GnRH release through activation of KISS1 neurons. These neurons are found in large numbers in the
ARC, possess androgen and estrogen receptors, and have been shown to make contact with the GnRH neurons in the ARC. KISS1 stimulates GnRH
release. Besides influencing GnRH release, estradiol and testosterone have a direct negative effect on the release of FSH and LH by the pituitary. In
normal-weight men, estradiol concentrations are extremely low and have a negligible effect on hypothalamic–pituitary function. On the contrary, in
overweight and obese subjects, with increased adipose tissue volumes, more testosterone will be converted to estradiol. As a consequence, testos-
terone levels become slightly decreased while estradiol levels are somewhat increased. In general, these changes in steroid hormone levels compensate
for each other, resulting in normal (unaffected) FSH and LH levels in most overweight and obese subjects (see also Table II). The major secretory
product of the adipose tissue is the adipokine leptin. Leptin exerts several different effects in the body; among these, the inhibition of testosterone
production. In normal-weight men, this effect is negligible, but in overweight and obese men, leptin levels increase and can have a direct inhibitory
effect on Leydig cell testosterone production. Furthermore, leptin can stimulate, indirectly through activation of its receptors on the KISS1
neurons, GnRH release. Besides projecting to the GnRH neurons, KISS1 neurons also make contact with the NPY neurons in the ARC. In this
way, leptin can influence the expression of NPY and prevent the NPY neurons from inhibiting GnRH release. In normal-weight men, NPY expression
is kept in abeyance by leptin and therefore its effect on GnRH release is thought to be negligible. In overweight and obese men with normal fertility,
leptin levels are normal or elevated (Table II). The leptin receptors (LRb) on the KISS1 neurons function normally, indirectly stimulating GnRH release
and suppressing NPY. We hypothesize that the subcategory of overweight/obese men with fertility problems may suffer from leptin resistance; LRb no
longer functions properly (indicated by a red cross), possibly due to a genetic predisposition or due to prolonged elevation of leptin levels. As a con-
sequence, KISS1 expression becomes reduced, resulting in less stimulation of the GnRH neurons and reduced suppression of NPY expression (red
arrows), leading to increased NPY levels. As a result, GnRH levels become even further suppressed, resulting in reduced LH and FSH release and
hypogonadotropic hypogonadism. Although under this condition testosterone levels will also be reduced and therefore KISS1 neurons will be less
suppressed by testosterone, this effect is too small to compensate for the effects induced by hypothalamic leptin resistance. Besides influencing
GnRH release, NPY also has a direct effect on pituitary LH release, although this is not considered to be an important regulatory pathway.
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Corona	G	et	al.	Hormones	2015;14:569



Morelli	A	et	al.	Mol Cell	Endocrinol 2014;382:107



Morelli	A	et	al.	Mol Cell	Endocrinol 2014;382:107



When?
When	do	we	have	to	treat	hypogonadism?



Hypogonadotropic	hypogonadism	

• Always

• Induce	puberty
• Treat	hypogonadism
• Treat	co-morbidities
• Treat	infertility

Kallmann’s syndrome



Genotype	of
hypogonadotropic
hypogonadism

Boehm	U	et	al.	Nature	Rev Endocrinol 2015;11:547



Clinical	spectrum	of	Kallmann’s syndrome

• Cryptorchidism	with	or	without	
micropenis
• Delayed	puberty
• Hypogonadism
• Male	infertility
• Anxiety	and	depression	

• Hyposmia /	anosmia
• Optic	nerve	hypoplasia
• Cleft	lip	and/or	palate	
• Dental	agenesis
• Sensorineural	deafness	
• Congenital	hearing	impairment	
with	or	without	pigmentation	
defects
• Bimanual	synkinesia (mirror	
movements)
• Unilateral	renal	agenesis

Boehm	U	et	al.	Nature	Rev Endocrinol 2015;11:547



Hypergonadotropic hypogonadism	

• Always

• Treat	hypogonadism
• Treat	co-morbidities
• Treat	infertility



Co-morbidities

Nieschlag E.	Dtsch Arztebl Int 2013;110:347





Late-onset	hypogonadism	

• Be	cautious!
• Combination	of	symptoms	and	low	testosterone	
concentrations

• Treat	co-morbidities

Aging	male



Wu	FCW	et	al.	N	Engl J	Med	2010;363:123



How?
How	do	we	treat	hypogonadism?



Testosterone



Testosterone

1719

5

17α-alkylation

17β-esterification



Testosterone	replacement	therapy
Per	os:
3-4	tabs	
per	day

IM:
every	10-14
weeks

IM:	
every	2-3
weeks

Gel:	
every	day

Patch:
every	day

Hours Months

Weeks Hours

Jockenhovel F.	Aging	Male	2003;6:200



Testosterone	
replacement	
therapy

Nieschlag E	et	al.	Andrology,	3ed	edition,	2010

Intramuscular	injection	
of	250	mg	testosterone	enanthate



Preparation Advantage Disadvantage

T	pills Effective Liver	toxicity

T	esters Effective
No	daily	administration
Low	cost

Deep	IM	injection
Concentration	fluctuations

T	esters	(long	active) Effective Large	volume
Commitment
Lack	of	flexibility
High	cost

T	patches	(non-scrotal) Small fluctuations Skin	rash	(30%)
Poor	adherence

T	gel Small fluctuations Poor	efficacy
Skin	irritation
Possible	transfer
High	cost

T	buccal	tabs Twice a	day
Poor	adherence

T	pellet Every	3	- 6	months Local	anesthesia
Infection,	fibrosis

T	nasal gel No	transfer Three	times	a	day



Expected	benefits	of	T	supplementation

Good	evidence
• Sexual	characteristics	(all	HG)
• Glycemic	control	(MetS,	T2DM)
• Lipid	profile	(all	HG)
• Muscle	strength	(all	HG)
• Fat	mass	(all	HG)
• Bone	mineral	density	(all	HG)
• Cardiovascular	disease	(MetS,	no	
CVD)
• Sexual	function	(severe	HG)

Poor	/	No	evidence

• Glycemic	control	(all	HG)

• BMI	(all	HG)

• Cardiovascular	disease	(known	
CVD)
• Sexual	function	(mild	HG)

Isidori AM	et	al.	J	Endocrinol Invest	2015;38:103



Contra-indications

• Ca	prostate
• PSA	>	4	μg/l
• Ca	breast
• Benign	prostate	hyperplasia,	with	obstruction	(IPSS	>	19)
• High	hematocrit	(>	50%)
• Sleep	apnoea syndrome	(untreated)
• Heart	failure	(uncontrolled)
• Age per	se is	not	a	contra-indication



How?
How	do	we	follow-up	testosterone	replacement	therapy?



Adverse	effects

Proved
• Liver	toxicity
• Deterioration	of	benign	prostate	
hyperplasia
• Mood	disturbances
• Deterioration	of	sleep	apnoea
syndrome
• Polycythemia
• Acne	/	Gynecomastia	(puberty)
• Closing	of	epiphyses	(puberty)

Under	investigation
• Dyslipidemia
• Cardiovascular	disease
• Benign	prostate	hyperplasia
• Ca	prostate
• Aggressive	behaviour



Follow-up

Clinical	parameters
• History

• Well-being
• Sexual	function
• Sleep	apnoea

• Examination
• Virilization
• Muscle	strength
• Blood	pressure
• Digital	rectal	examination

Laboratory	parameters
• Full	blood	count
• Liver	enzymes
• Lipid	profile
• PSA
• Testosterone,	total
• (LH)
• SHBG
• (Bone	mineral	density)



Testosterone	replacement	therapy
Per	os:
3-4	tabs
per	day

IM:
every	10-14
weeks

IM:	
every	2-3
weeks

Gel:	
every	day

Patch:
every	day

Hours Months

Weeks Hours

Jockenhovel F.	Aging	Male	2003;6:200



Snyder	PJ	et	al.	N	Engl J	Med	2016;374:611



Snyder	PJ	et	al.	N	Engl J	Med	2016;374:611



What?
What	else	can	we	do	to	treat	hypogonadism?



Goulis	DG	et	al.	Gynecol Endocrinol 2008;24:33
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Effect of the metabolic syndrome on
testicular function

Obesity and the hypothalamus–pituitary–testes axis

In an older study [4], fertile and subfertile obese men
were compared with fertile and subfertile men of
normal body weight in an attempt to demonstrate the
independent and interdependent effects of obesity
and subfertility on the hypothalamus–pituitary–
testes axis. The group of obese subfertile men had
significant endocrine alterations in comparison with
the group of fertile men of normal body weight.
Serum testosterone (T) levels were significantly
reduced and since estradiol (E2) levels remained
stable, the T/E2 ratio was significantly reduced. Sex
hormone-binding globulin (SHBG) levels were sig-
nificantly lower and negatively correlated with the
higher bioavailability of T and E2 in the group of
obese subfertile men. Serum luteinizing hormone
(LH) levels remained stable, denoting that free T

levels also remained stable. In summary, the group of
obese subfertile men presented endocrine alterations
that were not observed in men that had either obesity
or subfertility as the only underlying condition. The
study concluded that SHBG, total T and T/E2 ratio
levels could possibly be used as subfertility indices
among obese men.
In another study [5], metabolic and endocrine

parameters of 106 men, members of subfertile
couples, were evaluated. Studied parameters in-
cluded LH, follicle-stimulating hormone (FSH),
E2, free T, 17-hydroxyprogesterone, androstene-
dione (A), dehydroepiandrosterone sulfate, prolac-
tin, insulin, glucose, total cholesterol (TC) and
triglycerides (TG). Several metabolic and endocrine
alterations were observed. Dyslipidemia was diag-
nosed in 65% of the men (hypercholesterolemia
alone, hypertriglyceridemia alone, or a combination
of both), although 80% of them were younger than
40 years of age. A positive correlation between E2

and FSH was observed (r¼ 0.67, p5 0.0001) that
remained significant only when men with hyper-
estrogenemia were analyzed (E24 50 pg/ml, n¼ 27,
r¼ 0.68, p5 0.0001) but not those with normal
estrogen levels (n¼ 79, r¼ 0.10, p¼not significant).
It is noteworthy that of the total number of subfertile
men, 18% were obese and 30% overweight. In
addition, diabetes mellitus was diagnosed in 4.7%,
glucose intolerance in 15%, hypertension in 26% and
hypergonadotropic hypogonadism in 3.8%. In total,
only in nine of the 106 men (8.4%) were no
parameters of the metabolic syndrome present
despite their young age.
In obese men, irrespective of fertility status, the

reduction in serum total T and SHBG levels is

Table I. Definitions of the metabolic syndrome.

ATP III [1] WHO [2] AACE [3]

Three or more of the following:

. WC4102 cm (men),

. Insulin resistance

(one of the following):

. Obesity: BMI425 kg/m2

. TG4150 mg/dl
488 cm (women)

. TG4150 mg/dl

" type 2 DM

" impaired FG

. HDL-C540 mg/dl (men),

550 mg/dl (women)

. HDL-C 540 mg/dl (men), " impaired GT . BP4130/85 mmHg

550 mg/dl (women)
. BP4130/85 mmHg

. Plus any two of the following:
" antihypertension therapy and/or

. FG4110 mg/dl

. Glucose 120 min 4140 mg/dl

. FG4110 mg/dl BP4140/90 mmHg . Oher risk factors:

" TG4150 mg/dl " positive family history for
" HDL-C5 35 mg/dl (men),

539 mg/dl (women)

DM, hypertension or CVD

" PCOS

" BMI430 kg/m2 and/or

WHR40.9 (men),
40.85 (women)

" lack of physical activity

" older age
" ethnic groups with increased

" urinary albumin 420 mg/min or albumin/

creatinine ratio 430 mg/g

risk for DM or CVD

ATP, Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (National Cholesterol Education

Program); WHO, World Health Organization; AACE, American Association of Clinical Endocrinologists; WC, waist circumference; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure; FG, fasting glucose; DM, diabetes mellitus; GT, glucose

tolerance; BMI, body mass index; WHR, waist-to-hip ratio; CVD, cardiovascular disease; PCOS, polycystic ovary syndrome.

Figure 1. Proposed model of interaction between metabolic
syndrome and testicular dysfunction.

34 D. G. Goulis & B. C. Tarlatzis
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Effect of the metabolic syndrome on
testicular function

Obesity and the hypothalamus–pituitary–testes axis

In an older study [4], fertile and subfertile obese men
were compared with fertile and subfertile men of
normal body weight in an attempt to demonstrate the
independent and interdependent effects of obesity
and subfertility on the hypothalamus–pituitary–
testes axis. The group of obese subfertile men had
significant endocrine alterations in comparison with
the group of fertile men of normal body weight.
Serum testosterone (T) levels were significantly
reduced and since estradiol (E2) levels remained
stable, the T/E2 ratio was significantly reduced. Sex
hormone-binding globulin (SHBG) levels were sig-
nificantly lower and negatively correlated with the
higher bioavailability of T and E2 in the group of
obese subfertile men. Serum luteinizing hormone
(LH) levels remained stable, denoting that free T

levels also remained stable. In summary, the group of
obese subfertile men presented endocrine alterations
that were not observed in men that had either obesity
or subfertility as the only underlying condition. The
study concluded that SHBG, total T and T/E2 ratio
levels could possibly be used as subfertility indices
among obese men.
In another study [5], metabolic and endocrine

parameters of 106 men, members of subfertile
couples, were evaluated. Studied parameters in-
cluded LH, follicle-stimulating hormone (FSH),
E2, free T, 17-hydroxyprogesterone, androstene-
dione (A), dehydroepiandrosterone sulfate, prolac-
tin, insulin, glucose, total cholesterol (TC) and
triglycerides (TG). Several metabolic and endocrine
alterations were observed. Dyslipidemia was diag-
nosed in 65% of the men (hypercholesterolemia
alone, hypertriglyceridemia alone, or a combination
of both), although 80% of them were younger than
40 years of age. A positive correlation between E2

and FSH was observed (r¼ 0.67, p5 0.0001) that
remained significant only when men with hyper-
estrogenemia were analyzed (E24 50 pg/ml, n¼ 27,
r¼ 0.68, p5 0.0001) but not those with normal
estrogen levels (n¼ 79, r¼ 0.10, p¼not significant).
It is noteworthy that of the total number of subfertile
men, 18% were obese and 30% overweight. In
addition, diabetes mellitus was diagnosed in 4.7%,
glucose intolerance in 15%, hypertension in 26% and
hypergonadotropic hypogonadism in 3.8%. In total,
only in nine of the 106 men (8.4%) were no
parameters of the metabolic syndrome present
despite their young age.
In obese men, irrespective of fertility status, the

reduction in serum total T and SHBG levels is

Table I. Definitions of the metabolic syndrome.

ATP III [1] WHO [2] AACE [3]

Three or more of the following:

. WC4102 cm (men),

. Insulin resistance

(one of the following):

. Obesity: BMI425 kg/m2

. TG4150 mg/dl
488 cm (women)

. TG4150 mg/dl

" type 2 DM

" impaired FG

. HDL-C540 mg/dl (men),

550 mg/dl (women)

. HDL-C 540 mg/dl (men), " impaired GT . BP4130/85 mmHg

550 mg/dl (women)
. BP4130/85 mmHg

. Plus any two of the following:
" antihypertension therapy and/or

. FG4110 mg/dl

. Glucose 120 min 4140 mg/dl

. FG4110 mg/dl BP4140/90 mmHg . Oher risk factors:

" TG4150 mg/dl " positive family history for
" HDL-C5 35 mg/dl (men),

539 mg/dl (women)

DM, hypertension or CVD

" PCOS

" BMI430 kg/m2 and/or

WHR40.9 (men),
40.85 (women)

" lack of physical activity

" older age
" ethnic groups with increased

" urinary albumin 420 mg/min or albumin/

creatinine ratio 430 mg/g

risk for DM or CVD

ATP, Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (National Cholesterol Education

Program); WHO, World Health Organization; AACE, American Association of Clinical Endocrinologists; WC, waist circumference; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure; FG, fasting glucose; DM, diabetes mellitus; GT, glucose

tolerance; BMI, body mass index; WHR, waist-to-hip ratio; CVD, cardiovascular disease; PCOS, polycystic ovary syndrome.

Figure 1. Proposed model of interaction between metabolic
syndrome and testicular dysfunction.
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How?
How	do	we	summarize?



What	we	will	do

• Provide	current	concepts	of	male	hypogonadism

• Discuss	practical	issues	of	testosterone	supplementation	

• Emerge	the	role	of	life-style	interventions	on	the	management	of	
male	hypogonadism



Hypogonadism

• Definition

• Clinical	picture



Types	of	hypogonadism

• Hypogonadotropic	hypogonadism

• Hypergonadotropic	hypogonadism

• Late-onset	hypogonadism



Pathophysiology

• Connection	of	hypogonadism	to	obesity



T	replacement	therapy

• Contra-indications

• Preparations

• Routes	of	administration



T	replacement	therapy

• Regimen	comparison

• Follow-up

• Adverse	effects	
• Cardiovascular	disease



Medical	nutrition	therapy

• T	supplementation	improves	
metabolic	syndrome	parameters

• Weight	loss	improves	serum	T	
concentrations



How?
How	do	we	conclude?



What	do	we	know?

• TRT	should	be	administered	only	to	men	who	are	hypogonadal,	as	
evidenced	by	clinical	symptoms	and	signs	and	subnormal	serum	
testosterone	concentration	
• TRT	can	be	administered	whether	the	testosterone	deficiency	is	due	
to	hypergonadotropic	or	hypogonadotropic	hypogonadism
• The	principal	goal	of	TRT	is	to	restore	the	serum	testosterone	
concentration	within	the	normal	range
• TRT	is	applied	through	T	ester	injections	or	transdermal	preparations	
(gels	and	patches)



What	don’t	we	know?

• If	restoring	the	normal	circadian	rhythm	of	testosterone	is	important	
• If	we	have	to	administer	TRT	to	treat	the	decline	in	serum	
testosterone	concentration	that	occurs	with	increasing	frequency	
above	60	years	of	age	(LOH)



Rudyard	Kipling	(1965	- 1936)

I	had	six	honest	serving	men.	They	taught	me	all	I	knew.	
Their	names	were:	Where,	What,	When,	Why,	How	and	Who.



Rudyard	Kipling	(1965	- 1936)

Words	are,	of	course,	
the	most	powerful	drug	used	by	mankind.



Rudyard	Kipling	(1965	- 1936)

Testosterone	and	weight	loss	are,	of	course,	
the	most	powerful	drugs	used	for	male	hypogonadism.
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