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1. Relevance of the topic: The relevance of studying this section of urology by students is determined by the prevalence, social significance of the problem of hypogonadism, the level of its influence on social and sexual adaptation, self-esteem and quality of life of men. Given that hypogonadism, both primary and secondary, is associated with androgen deficiency and comprehensively determines the level of energy, work capacity, quantity and quality of night sleep, libido and sexual capabilities, fertility, as well as constitution, recruitment and maintenance of body weight, development and function of the reproductive system, are also the most important factors of many urological diseases, the relevance of studying this topic for doctors of various fields is beyond doubt.
2. Class duration: ___2__ (hours)

3. Learning goal (specific goals):

The student should know:

1. Primary ( hypergonadotropic ) hypogonadism:
a. Definition and classification of hypogonadism
b. The frequency of hypergonadotropic hypogonadism in the male population
c. Epidemiology of primary hypogonadism
d. Pathophysiology of primary hypogonadism
e. Anamnestic data and disease history
f. Physical examination in patients with primary hypogonadism
g. Causes of primary hypogonadism in men.
i. Genetic causes of hypergonadotropic hypogonadism
h. Diagnosis of primary hypogonadism: Laboratory diagnosis, differential diagnosis, diagnostic tests to determine the type of hypogonadism
i. Treatment
i. General approaches to the treatment of patients with primary hypogonadism 
ii. Hormone replacement therapy for primary hypogonadism
iii. Surgical treatment
iv. Forms of hormonal drugs, their advantages and disadvantages
v. Complications and methods of their correction primary hypogonadism.
vi. Basic aspects of rehabilitation of patients with primary hypogonadism
j. Diagnostic monitoring of patients with primary hypogonadism
k. Prognosis of primary hypogonadism 
The student should be able to:

a) to obtain comprehensive information about the disease from the patient or his close relatives or based on the analysis of the medical documentation available;

b) palpate the organs of the genitourinary system in all positions in full;

c) evaluate the data of objective and various laboratory research methods;

d) correctly appoint, carry out sampling of material for laboratory research, evaluate data of various laboratory, instrumental, functional, methods and tests;

e) establish a preliminary diagnosis of the main and accompanying disease, their complications.

e) prescribe the necessary conservative therapy, carry out diagnostic monitoring of hormone therapy.
g) determine possible indications for surgical intervention.

The student must acquire practical skills:

· determine the need and sequence of special research methods /laboratory, instrumental, radiological, functional, etc./, perform them and give their correct assessment;

· evaluate the results of biochemical blood tests, functional hormonal tests;

· carry out differential diagnosis of the main andrological diseases ​in different age groups, justify the clinical diagnosis;

· justify the scheme, plan and tactics of patient management, indications ​and contraindications for surgery.

4 Basic knowledge, skills, and abilities necessary for studying the topic (interdisciplinary integration)

	Names of previous disciplines
	Acquired skills

	1. Human anatomy.
2. Histology.
3. Physiology.
4. Pathological anatomy.
5. Pathological physiology.
6. Radiation diagnostics.
7. Urology
8. Patient care.
	Know the structure and functions of the organs of the male reproductive system, the pathological anatomy and physiology of the male reproductive system, the rules of care for patients with diseases of the urinary and reproductive system, the basic rules of medical ethics and deontology. Assess changes in the functioning of the organs of the reproductive system that indicate a violation of the patient's condition, conduct an objective examination of the patient to identify symptoms and syndromes that indicate damage to the organs of the reproductive system and the patient's serious condition. To prepare patients for instrumental, functional and laboratory methods of researching the organs of the male reproductive system. To be able to interpret the results of additional radiological methods of diagnosis of organs of the male reproductive system, to care for patients with diseases of the urinary system.


5 Advice to the student.
5.1. Topic content:
Hypogonadism in men is a clinical syndrome that is the result of insufficient production of the sex hormone testosterone by the testicles and the number of spermatozoa.

There are primary, secondary and age-related hypogonadism. The primary form of the disease is directly related to damage to the testicles, the secondary form is due to the insufficiency of the hypothalamic-pituitary system and, accordingly, a violation of the regulation of the function of the testicles. Age-related hypogonadism (formerly known as male menopause) includes an age-related deficiency of the male sex hormone testosterone (androgen deficiency). In primary and secondary hypogonadism, congenital and acquired forms of the disease are distinguished. When hypogonadism occurs before the completion of pubertal development (prepubertal hypogonadism), it is characterized by signs of delayed sexual development: a decrease in the size of the genitals, the absence or insufficiency of pubic hair, changes in body structure (eunuchoid or gynoid skeleton). Prepubertal hypogonadism is usually the result of congenital pathology ( Klintfelter's syndrome, Kallman's syndrome, cryptorchidism) or traumatic lesions of the genitals. Hypogonadism, which develops after the completion of puberty, is caused by injuries to the testicles, orchitis, surgical interventions on the genitals, brain injuries, infections, and tumor lesions of the hypothalamic-pituitary system.
Primary or secondary hypogonadism can be formed due to the presence of chronic somatic or endocrine pathology: diabetes, hypothyroidism, pathology of the adrenal glands, kidneys, liver, lungs.

With primary and secondary hypogonadism, patients complain of impaired sexual development (decrease in the size of the genitals and pubic hair), decreased libido, erections, decreased ejaculate volume, lack of orgasm, infertility.

Age-related hypogonadism is characterized by the following signs:

A decrease in libido, deterioration in the quality and frequency of erections;

Weakening of memory, increased irritability, fatigue, impaired cognitive functions, sleep, reduced work capacity;

Fluctuations in blood pressure, dizziness, sudden hyperemia of the face and upper body;

Growth of visceral adipose tissue (obesity), decrease in muscle mass and physical strength, hair growth and skin turgor, development of osteopenia and osteoporosis;

Symptoms of obstruction of the lower urinary tract (benign prostatic hyperplasia), atony of the portal vein, decrease in volume and hypotonia of the testicles.
In prepubertal males with delayed puberty, priming with testosterone (usually testosterone enanthate 50 mg IM monthly for a total of 3 months) may lead to puberty initiation and help in the differential diagnosis of hypogonadotropic hypogonadism.

Occasionally, testicular biopsy findings are helpful, particularly if azoospermia or oligospermia is present.
Approach Considerations

Patients with hypogonadism are typically treated with sex steroid replacement. The goals of treatment are:

· To promote the development of and maintain secondary sexual characteristics and normal sexual function

· To build and sustain normal bone and muscle mass

· To assist in the proper psychosocial adjustment of adolescents with hypogonadism

Fertility options can be explored in consultation with a reproductive endocrinologist or urologist. Pulsatile LHRH or gonadotropin therapy can induce fertility in individuals with hypogonadotropic hypogonadism.

Medical Care

In prepubertal patients with hypogonadism, treatment is directed at initiating pubertal development at the appropriate age. Age of therapy initiation takes into account the patient's psychosocial needs, current growth, and growth potential. Treatment entails hormonal replacement therapy with sex steroids, ie testosterone for males.

Introduction of sex steroids in such cases starts with the use of small, escalating doses over a period of a couple of years. 

In boys, introduction of puberty is achieved with the use of testosterone, administered intramuscularly or transdermally (in the form of a patch or gel). A typical regimen involves testosterone enanthate injections 50 mg monthly, titrating up to 200-250 mg every 2 weeks, which is a typical adult replacement dose. Adult testosterone dose can be adjusted to maintain serum testosterone concentrations in the normal adult range.

Therapy with sex steroid replacement ensures development of secondary sexual characteristics and maintenance of normal sexual function. In patients with hypergonadotropic hypogonadism, fertility is not possible. However, patients with hypogonadotropic hypogonadism have fertility potential, although therapy with sex steroids does not confer fertility or stimulate testicular growth in men. An alternative for men with hypogonadotropic hypogonadism has been treatment with pulsatile LHRH or hCG, either of which can stimulate testicular growth and spermatogenesis.

Because such treatment is more complex than testosterone replacement, and because treatment with testosterone does not interfere with later therapy to induce fertility, most male patients with hypogonadotropic hypogonadism prefer to initiate and maintain virilization with testosterone. At a time when fertility is desired, it may be induced with either pulsatile LHRH or (more commonly) with a schedule of injections of hCG and FSH. 

A phase III, multicenter, open-label, single-arm trial by Nieschlag et al indicated that corifollitropin-alfa therapy combined with hCG treatment can significantly increase testicular volume and induce spermatogenesis in adult males with hypogonadotropic hypogonadism whose azoospermia could not be cured by hCG treatment alone. Patients in the study who remained azoospermic, though with normalized testosterone levels, after 16 weeks of hCG treatment underwent 52 weeks of twice-weekly hCG therapy along with every-other-week corifollitropin-alfa treatment (150 μg). Mean testicular volume in these patients rose from 8.6 mL to 17.8 mL, while spermatogenesis was induced in more than 75% of subjects. 

A literature review by Taniguchi et al indicated that in late-onset hypogonadism, testosterone therapy significantly improves erectile function. This was especially true in patients who were treated with testosterone gel, who underwent more than 30 weeks of treatment, and who had no diabetes mellitus or metabolic syndrome. The mean difference in the International Index of Erectile Function-Erectile Function Domain (IIEF-EFD) score between patients who received testosterone therapy and those who were treated with placebo was 1.86. 

The use of oral testosterone preparations, such as 17α-alkylated androgens (eg, methyltestosterone), is discouraged because of liver toxicity. However, oral testosterone undecanoate is available in some countries and is now approved in the United States. Intramuscular testosterone is available as testosterone enanthate or cypionate. Transdermal testosterone can be administered either in the form of a patch or gel. A nasal testosterone replacement therapy has been approved by the US Food and Drug Administration (FDA) for adult males with conditions such as primary hypogonadism (congenital or acquired) and hypogonadotropic hypogonadism (congenital or acquired) resulting from a deficiency or absence of endogenous testosterone.The recommended dosage is 33 mg/day in three divided doses. The drug has not been approved for males younger than 18 years.

For older men with testosterone deficiency, a review by the Pharmacovigilance Risk Assessment Committee (PRAC) of the European Medicines Agency (EMA) found that the evidence concerning the risk of serious cardiovascular side effects from the use of testosterone in men with hypogonadism was inconsistent.  The PRAC determined that the benefits of testosterone outweigh its risks but stressed that testosterone-containing medicines should be used only when lack of testosterone has been confirmed by signs and symptoms, as well as by laboratory tests. However, a literature review by Albert and Morley indicated that testosterone supplementation in males aged 65 years or older may increase the risk of cardiovascular events, particularly during the first year of treatment, although intramuscular testosterone seemed to carry less risk than other forms. 

On the other hand, a study by Traish et al suggested that long-term testosterone therapy in men with hypogonadism significantly reduces cardiovascular disease–related mortality. Patients in the study’s testosterone-treated group (n=360) underwent therapy for up to 10 years, with median follow-up being 7 years. The investigators found no cardiovascular event–related deaths in the treated patients, compared with 19 such deaths in the group that received no testosterone therapy (n=296). According to the study, mortality in the testosterone-treated patients was reduced by an estimated 66-92%. 

A literature review by Corona et al indicated that testosterone replacement therapy is safe for age- or comorbidity-related (functional) male hypogonadism, not just for the organic variety. The investigators reported that the safety of testosterone replacement therapy in functional cases, with regard to cardiovascular and venous thromboembolism risk, as well as prostate concerns, is high enough to allow for the treatment.

The latest Endocrine Society clinical practice guidelines suggest testosterone therapy for men receiving high doses of glucocorticoids who also have low testosterone levels, to promote bone health. The guidelines also suggest such therapy in human immunodeficiency virus (HIV)–infected men with low testosterone levels, to maintain lean bone mass and muscle strength.

Surgical Care

Because of the significant risk of gonadoblastoma and carcinoma, gonadal tissue should be removed in males with nonfunctioning testicular tissue. Those patients should undergo orchiectomy and replacement with prostheses. Same procedure should be done in females with karyotypes containing a Y chromosome (This situation is observed in females with XY gonadal dysgenesis or in patients with Turner syndrome who have a karyotype that contains a Y chromosome, usually in 1 of 2 or more mosaic karyotypes). 
Consultations

Consultation with a reproductive endocrinologist or urologist is required for patients with hypogonadotropic hypogonadism who would like to become fertile. In males, administration of pulsatile LHRH therapy or hCG alone or in combination with gonadotropins can induce spermatogenesis and results in normal adult male testosterone levels.

Patients with hypergonadotropic hypogonadism are traditionally considered infertile. However, men with Klinefelter syndrome may benefit from a consultation with a reproductive urologist and testicular sperm extraction (TESE) followed by in vitro fertilization. This technique has allowed men with Klinefelter syndrome to father children. For boys with Klinefelter syndrome who have reached puberty, cryopreservation of semen samples containing very low numbers of spermatozoa is possible and should be offered before testosterone supplementation, since supplementation may suppress spermatogenesis.

Complications

In men, complications of untreated hypogonadism include loss of libido, failure to achieve physical strength, the social implications of failing to go through puberty with peers (if hypogonadism occurs before puberty), and osteoporosis. In addition, if hypogonadism occurs before epiphyseal closure, the result is usually tall stature with a eunuchoid body habitus. Males with hypergonadotropic hypogonadism are typically infertile, although procedures such as TESE have resulted in fertility in Klinefelter syndrome. Men who have hypogonadism due to hypothalamic or pituitary dysfunction can potentially become fertile with administration of gonadotropins.

A retrospective study by Baillargeon et al indicated that males with untreated hypogonadism are at increased risk for the development of any rheumatic autoimmune disease, as well as for rheumatoid arthritis and lupus.
Osteoporosis has an earlier onset in individuals with hypogonadism; hence, bone mineral density should be compared with age-matched normative standards, and followed longitudinally. Prescribe treatment using appropriate therapeutic interventions.

Long-Term Monitoring

Patients with hypogonadism require lifelong treatment, with the exception of persons with congenital hypogonadotropic hypogonadism (spontaneous recovery having been described in 10-20% of these individuals). Patients with hypogonadism receiving hormone replacement therapy are typically evaluated every 6-12 months. Monitoring may include measurement of testosterone concentrations in males, evaluation of bone mass by dual radiographic absorptiometry, and assessment of cardiovascular risk factors.

Polycythemia can be a complication of testosterone replacement. For older adult men with testosterone deficiency, the Endocrine Society clinical guidelines recommend monitoring hematocrit values to avoid polycythemia. Also in these individuals, prostate examination and prostate-specific antigen (PSA) measurements should be performed before testosterone therapy and periodically after treatment is instituted. Referral to a urologist can be considered based on individual assessment for prostate cancer.

Medication Summary

Treatment of patients with hypergonadotropic hypogonadism involves replacement of sex steroids in males.
For treatment of patients with hypogonadotropic hypogonadism, the usual approach is replacement of sex steroids that initiate development and maintain secondary sex characteristics.

Most cases of secondary hypogonadism appear to respond to selective estrogen receptor modulator (SERM) therapy. However, intolerance to SERMs is common or they may cause unwanted side effects
Sex steroid replacement does not result in increased testicular size or fertility in males. Gonadotropin or GnRH replacement is offered to the patient when fertility is desired.

Testosterone agents

These agents are used for sex steroid replacement in males. All testosterone preparations are regulated as Schedule III controlled substances according to the Anabolic Steroids Control Act.

Testosterone (Aveed, Depo-Testosterone, Jatenzo, Testopel, Xyosted, Tlando, Kyzatrex)

Testosterone is available as various salts (eg, enanthate, cypionate, undecanoate). It is also available in a variety of dosage forms. Depo-Testosterone and Aveed are administered IM. Xyosted is injected SC. Testopel is an implant that is placed under the skin SC. Jatenzo, Tlando, and Kyzatrex are all available as oral capsule formulations. Oral formulations for testosterone undecanoate are not substitutable with each other. Testosterone promotes and maintains secondary sex characteristics in androgen-deficient males.

Testosterone transdermal (Androderm, AndroGel, Axiron, Fortesta, Testim)

Androgenic anabolic steroid indicated for testosterone replacement. Several preparations are available as topical gels or transdermal patches. Patches are changed daily. Testosterone is a schedule III controlled substance.

Treatment Alternatives for the patients with age-related hypogonadism
Therapeutic goal in the treatment of late-onset of hypogonadism is to replace deficient amounts of testosterone. Any other evidence-based treatment except TRT has not been recommended so far. With this treatment we priorly expect improvement in libido, and erectile functions. Theoretically, the product we will use should be natural, endogenous, and it should kept the concentration of the relevant hormone at physiological levels. Besides, its active metabolite should be used safely, and relieve the symptoms without causing any major adverse effects. However, such a medication which contains all of the enumerated features is not available currently. A standard treatment modality has not been formulated, yet. Appropriate treatment modality should be determined based on the request of the patient, and the physician, cost of the treatment, and evaluation of the advantages, and disadvantages of the treatment

Current testosterone replacement treatment regimens for late-onset hypogonadism

	Route of administration
	Formulation
	Active ingredient
	Dose
	Advantages
	Disadvantages

	Oral
	Capsule
	Testosterone undecanoate
	40 mg × 4/gün
	User-friendly
	Variable serum concentrations, increased DHT/T ratio

	Buccal
	Bioadhesive tablet
	Testosterone
	30 mg × 2/gün
	
	Gingival adverse effects (16%)

	
	
	Testosterone enanthate
	250 mg
1/2–3 weeks
	
	Fluctuations in T levels

	Intra-muscular
	Oily suspension
	Testosterone cypionate
	200 mg
1/2 weeks
	
	

	
	
	Testosterone undecanoate
	1000 mg
1/2–3 months frequency
	Decreased application
	Extra volume (4 mL)

	Subcutaneous
	Pellet/rod
	Testosterone
	3–6 (each contains 200 mg) 1/6 ay
	Decreased application frequency
	Need for a surgical procedure

	
	
	
	
	
	


Negative feedback of exogenously administered testosterone on hypothalamic-pituitary-testicular axis, risks, and adverse effects of various testosterone formulations will be described later. Because of these inconveniences related to TRT, other alternatives have been searched for the treatment of LOH. Among these alternatives, currently, anti-estrogen treatment is used. Active substances like clomiphene citrate which binds weakly to estradiol receptors, and stimulates hypothalamic-pituitary-testicular axis with its negative feedback, and increase release of endogenous testosterone have been investigated. In the past this drug was used three times 50 mg a week for 3 months, in a current study it has been prescribed at daily doses of 25 mg for 3 months. At the end of the treatment, mean testosterone value rised from 310 ng/dL up to 669 ng/dL. The outcomes of the study have been found to be favourable as for efficacy (especially improvement in libido), and side effects, however conduction of further has been recommended.

Beneficial effects of TRT

Normalization of testosterone levels might improve most of the effects of hypogonadism. TRT makes the patient feel himself more energetic, and well. It exerts favourable effects on his emotional state, sexual functions, body mass index, cardiovascular system, bone mineral density, and erythropoiesis. Thanks to these favourable effects of testosterone, its use has been increased in recent years. In the United States of America a 500% increase in the sales of testosterone formulations has been reported.

Testosterone replacement therapy in the aging male, and its potential benefits

	Potential benefits of the testosterone replacement therapy
	Administration of testosterone replacement therapy

	Effects on body

	Improvement in muscular mass

	Decrease in fatty mass
Increase in muscular strength in lean or moderately fat elderly men
Probably a little benefit in lumbar spine
bone mineral density
	In individuals with low-trauma fractures or osteoporosis, evaluate bone mineral densities of lumbar spine, femur neck, and pelvis 1–2 years after the treatment

	Sexual function

	A favourable effect on sexual life in patients with lower pretreatment testosterone levels
	Assessments at the beginning, and at 3., and 6. months of the treatment, then annually
Also evaluate its effect on erectile dysfunction

	Mood state, and quality of life

	A favourable effect on mood state in patients with lower pretreatment testosterone levels
A significant impact on libido could not be found
	Assessments at the beginning, and 3., and 6. months of the treatment, then annually

	Components of type 2 diabetes mellitus, and metabolic syndrome
	



Improvement in Sexual Desire, Function, and Performance

Normal sexual function in men, is a complex phenomenon made up of psychological, neurological, vascular, and hormonal factors. Impact of many independent factors including age, prostatic hyperplasia, body mass index, diabetes, chronic diseases (heart disease, hypertension etc.), concomitant medications, depression, and anxiety on sexual function has been demonstrated in many studies. Decrease in sexual desire caused by a drop in testosterone levels with aging, and significant improvement in libido with TRT have been indicated in various studies. Some studies have emphasized lack of any clear-cut association between erectile function, and testosterone levels. In a recent study, association between the decrease in the level of testosterone with aging and sexual symptoms was determined, and this correlation has been clearly demonstrated for testosterone levels below 8 nmol/L.

As indicated above, and in many literature studies, elderly hypogonadal patients regain their sexual drive following testosterone replacement therapy. In the meta-analysis of placebo-controlled studies, significant improvement in the libido of hypogonadal men has been demonstrated, while inconsistent responses obtained by oral agents have been emphasized. Another striking point is that response to treatment is insignificant and inconsistent in individuals with low-normal testosterone levels. As a cause for this inconsistency, variable bioactive testosterone concentrations in individuals with low-normal total testosterone levels. have been implicated.

As mentioned above, the only reason for erectile dysfunction in patients with late-onset hypogonadism, is not decreased testosterone levels, but aging, and additional diseases also affect erection at a vascular level Therefore testosterone monotherapy fails in the treatment of LOH or yields inconsistent outcomes. Because of all these reasons, in the treatment of erectile dysfunction in this patient group, combined use of TRT, and PDE5 inhibitors has been brought into agenda. In animal, and human cell culture studies, it has been shown that pathogenesis of erectile dysfunction in hypogonadism induces a significant deterioration in the peripheral mechanism. Favourable effects of testosterone especially on penile smooth cells, decrease in smooth musculature caused by post-castration testosterone insufficiency which is replaced by connective matrix tissue have been demonstrated in many studies. It has been demonstrated that testosterone favourably increases nitric oxide synthase transcription, and PDE5 expression. Briefly, the effect of testosterone on erectile function is complex, and still debatable. Lack of any significant correlation between hypogonadism, and erectile dysfunction in already healthy population supports this phenomenon. Because of all these factors, in LOH patients with erectile dysfunction, combined use of testosterone, and PDE5 inhibitors has been revived. Clinical studies have planned combination therapy in especially patients with hypogonadism refractory to PDE5 inhibitors. However, since, LOH patient group consists of elderly patients, and individuals with concomitant diseases, difficulties have been encountered in the definition of the the target population. Further long-term studies with homogenous groups are recommended to better determine its efficacy, and indications.

Effects on bone mineral density

Although osteoporosis appears to be the disease of the elderly women, it is also an important health problem in the aging male. Mortality rates of hip fractures are 2-fold higher in men when compared with women. Many studies have emphasized direct impact of testosterone, and estraadiol on bone mineral density in men, and reported relevant hip fractures, and symptomatic vertebral fractures in 50, and 20% of the patients with hypogonadism, respectively. Various studies have emphasized the important role of estradiol on bone mineral density in men. As an etiological factor of osteoporosis in LOH patients, decrease in estradiol levels which is a metabolite of testosterone, relative to drop in testosterone levels with aging has been implicated. Therefore, maintenance of the bone mineral density in aging men requires both of these steroidal sex hormones. Osteoporosis, and rapid bone mineral loss following castration reinforce this information. In a placebo-controlled study where post-TRT effectiveness was evaluated, investigators reported significant improvements in spinal bone mineral density in patients with baseline testosterone levels below 10 nmol/L, while they couldn’t find any effect of 3-year-long TRT on bone mineral density of elderly male patients with baseline mean total testosterone level of 12.8 nmol/L. A more recent study demonstrated lack of any effect of TRT on bone mineral density in patients with low-moderate testosterone level. Two meta-analyses with inconsistent outcomes are available on this issue, and as a causative factor for this inconsistency, use of different preparations have been implicated.

Effects on body-build, muscular mass, and strength

Increase in testosterone levels, in the elderly men, has been shown in many studies to enhance body mass, and decrease adipose tissue of arms, and legs. Contrary to this favourable effect, the effect of TRT on muscle strength is controversial. Similarly, in two recent randomized placebo-controlled studies, improvements with testosterone therapy in moderately or severely incapacitated elderly patients with restricted range of mobility have been demonstrated. In placebo-controlled studies where testosterone therapies were used for 36, and 6 months, testosterone treatment in healthy elderly men could not improve muscle strength in these individuals.

Effects on mood, and quality of life

Generally sex hormones are thought to effect cognitive functions, and mood state. Lower testosterone levels in the old age are associated with depression, worsened cognitive function or even Alzheimer’s disease. In experimental studies, neuroprotective effects of testosterone have been asserted. In men with testosterone levels below normal, favourable effect of testosterone therapy on mood state has been demonstrated. This effect could not be detected in individuals with low-normal testosterone levels. In these patients, the effects of sexual dysfunction on psychological condition, mood state, and quality of life have critical importance. Outcomes of randomized placebo-controlled studies have demonstrated inconsistent effects of testosterone on quality of life, and depression. Miscellaneous quality of life questionnaire forms used, are thought to result in inconsistencies among outcomes.

Effects on components of type 2 diabetes, and metabolic syndrome

Metabolic syndrome includes clinical conditions as central obesity, hypertension, impaired glucose metabolism, worse lipid profile with a higher risk of type 2 diabetes, cardiovascular disease, and atherosclerosis. Its incidence in both genders, especially in men increases with age. Low level of testosterone is prevalently seen in males with type 2 diabetes and/or metabolic syndrome. In many studies, an inverse correlation has been reported between testosteron level on one hand, and obesity, insulin resistance, and dyslipidemia on the other hand. This phenomenon can be explained partly by increased aromatase activity induced by conversion of testosterone into estradiol. (increased testosterone-estradiol conversion is related to subcutaneous adipose tissue). An increase in the risk of development of type 2 diabetes, and metabolic syndrome in hypogonadal men has been asserted. However, in a small number of placebo-controlled studies performed so far, minimal (if any) impact of TRT on insulin resistance, and HbA1c has been demonstrated. Therefore, large-scale randomized controlled studies are needed to be able to speak on the impact of TRT on the components of metabolic syndrome.

Potential risks of TRT

Risks of testosterone replacement therapy are correlated with age, living conditions, and other medical states of the patient. In the presence of prostate cancer, benign prostatic hyperplasia (BPH) symptoms, liver toxicity, tumour, sleep-apnea symptoms, congestive heart failure, gynecomastia, infertility, and skin diseases, TRT conveys risk(s) for these patients. If this individual plans to be a father, TRT which inhibits hypothalamic-pituitary-testicular axis is not appropriate for him. 
Potential risks of testosterone replacement therapy:

· Induction of the progression of breast, and prostate cancer

· Symptomatic worsening of benign prostat hiperplasia

· Induction of hepatic tumours, and toxicity

· Induction of gynecomasty

· Induction of erythrocytosis

· Induction of infertility, and testicular atrophy

· Induction of skin diseases

· Worsening or induction of sleep-apnea

Effects on prostate cancer, and BPH

Prostate is dependent on, and sensitive to androgens. Testosterone is required for the development of prostatic hyperplasia, and it might play an etiological role in carcinogenesis of prostate. Androgens are needed for the development of BPH, and antiandrogens can decrease prostate volume. Since the mainstay of the treatment of advanced prostate cancer constitutes androgen withdrawal, as reports have indicated, TRT in these patients might induce disease progression. In consideration of this information, the question “Is higher testosterone level a risk factor for prostate cancer?” has raised concerns about usage of TRT. In a study conducted by 18 study groups, any evidence concerning correlation between serum sex hormones, and risk of development of prostate cancer was not detected. A 3-year-follow-up data of a placebo-controlled study performed recently could not yield outcomes demonstrating TRT as a risk factor in the development of prostate cancer.

In a randomized controlled study which investigated the effects of testosterone replacement therapy on prostatic tissue, any treatment-related change in prostatic histology, tissue biomarkers, gene expression or the incidence of prostate cancer could not be found. Another study couldn’t detect any impact of TRT employed for prostate cancer patients with hypogonadism, on the disease progression. All these data have demonstrated that TRT can be safely used in individuals without suspect prostate cancer, without any cancerogenic effect. Even the latter study is very promising for the use of TRT in prostate cancer, testosterone monotherapy is not effective per se. Indeed, TRT is absolutely containdicated in prostate cancer patients, provided that contrary claims are strongly proved to be true in larger-scale, long-term, and evidence-based studies.

Many literature studies have indicated that short-term use of testosterone did not induce lower urinary tract symptoms. Even TRT has been assertedly provided symptomatic improvement in hypogonadal males. On the contrary, a meta-analysis demonstrated that TRT increases prostate-specific antigen (PSA) levels, aggravates acute urinary retention, and International Prostate Symptom Score (IPSS). These diverse results indicate the need for large-scale, and long-term studies. Nowadays, in the light of this information, as relative containdication for TRT, IPSS scores of ≥19 points, presence of severe BPH, and lower urinary tract symptoms have been indicated. In addition, TRT might have ameliorating effects in mildly symptomatic patients.

Since unfavourable effects of testosterone replacement therapy on prostate, raise concerns in TRT users, attempts at decreasing its adverse effects have been always kept up-to-date. The main influential factor in prostatic hyperplasia, and increased PSA is not testosterone, but its tissue metabolite dihydrotestosterone. Therefore inhibition of 5-alpha- reductase is thought to eliminate potential adverse effects, and recently a meta-analysis concerning this issue has been published. In this meta-analysis, TRT, and 5-alpha-reductase inhibitors were used in combination to investigate if inhibitory effects of TRT on prostatic enlargement, and increased PSA levels could be prevented by this combination. Short-term (6 months) combination treatment has reportedly no impact on prostatic enlargement, while it might decrease PSA levels, and its long-term use will slow down progression of prostatic enlargement.

Effects on hematocrit

It has been acknowledged that endogenous androgens stimulate hematropoiesis, increase hemoglobin levels with apparently opposite effects in castration. However in testosterone insufficiency, 10–20% decrease in hemoglobin levels with resultant development of anemia has been already demonstrated. Therefore, TRT has been also proposed for the potential treatment of anemia in hypogonadal men.

However this incremental effect of testosterone on hemoglobin also constitute one of the risks which restricts application of TRT. In clinical studies, increase of hematocrit levels over 50% is the most frequently encountered side effect of TRT. In a meta-analysis which included 19 randomized studies, a 4-fold increase in the incidence of this adverse effect was reported in TRT patients when compared with placebo users. Although the clinical significance of this increase is not clear- cut, regular follow-up of hematocrit levels in these patients should be performed.

Effects on liver

Hepatic diseases related to testosterone replacement therapy include benign, and malignant liver diseases, intrahepatic cholestasis, hepatoxicity, and hepatic failure. However these hepatic conditions are not seen when transdermal, intramuscular, and oral formulations (except for testosterone undeconate) are used.

Cardiovascular effects

Once, potential presence of an inverse correlation between testosterone levels, and occurrence of cardiovascular disease had been conceived, and potential beneficial effects of TRT for hypogonadism patients had been indicated. However, reports of the studies published more recently have yielded inconsistent results. In a meta-analysis comprising nineteen clinical studies, any difference was not detected between patients who had or had not received testosterone regarding incidence of a cardiovascular disease. Later meta-analyses which could not find either favourable or unfavourable effect of testosterone treatment on cardiovascular disease have provided further support for this assumption. However in a more recent placebo-controlled study, withdrawal of TRT in elderly patients with restricted mobility because of more prevalent cardiovascular side effects have been reported. This surprising outcome does not comply with the results of the study performed so far. These findings have made us to be suspicious about usage of TRT in elderly patients with restricted mobility, and cardiovascular disease. Because of these inconsistent results, further studies should be performed concerning application of TRT in patients with cardiovascular disease.

Contraindications

Containdications of Testosterone Replacement

· Prostate cancer

· Breast cancer

· Prostatic nodules of induration

· Unexplained increased PSA levels

· Erythrocyctosis (>50%)

· Severe lower urinary tract symptoms together with benign prostatic hyperplaasia (IPSS>19)

· Unstable congestive heart failure (Class 3 or 4)

· Serious, but untreated sleep-apnea syndrome

These conditions should be evaluated with a detailed anamnesis, physical, and laboratory examinations before initiating testosterone replacement therapy. For example, prostate cancer constitutes an absolute containdication for TRT. Prostate cancer should be ruled out using relevant examinations as PSA tests, and digital rectal examination, and then TRT should be initiated. A definite recommendation has not been proposed for debatable condition which is related to TRT in patients who had been treated successfully without any clinical, and laboratory evidence for a residual tumour.

Follow-up

Before the treatment baseline, and then periodic evaluations should be absolutely performed in patients in whom we have initiated testosterone replacement therapy. Many sources recommend follow-up of the patients in order to protect them from adverse effects, and risks of TRT. Before initiation of the recommended therapy, total testosterone, PSA, liver enzymes, lipid profile, hemoglobin, and hematocrit should be analyzed, and posttreatment risks, and adverse effects should be evaluated, and these tests should be repeated at certain intervals. We target a testosterone value of 350–1050 ng/dL. However in some patients low-normal values can be obtained

Follow-up of the Testosterone Replacement Therapy

	Indication
	Timing

	Compliance
	At baseline, and every visit to define potential causes

	Adverse effects - General
	At 3rd month, then annually

	Adverse effects- specific
	Buccal: In case of any change in taste, examination of gums, and buccal mucosa

	
	Injection: Especially in older patients, interrogation of fluctuations in mood state, and libido, and hematocrit test to determine (if any) excessive erythrocytosis

	
	Patch: Search for signs of tissue reaction on the application site

	
	Gel: The patient should be warned about transmission to other people through contamination of clothes and/or skin contact

	Bone mineral density
	Every 1 or 2 years in hypogonadal men with bone fractures, and osteoporosis

	Hemoglobin, hemotocrit
	At baseline, 3–4th months, annually thereafter. If hematocrit >50%, then treatment is stopped till it reaches to normal levels, sleep apnea, and hypoxia are evaluated, and the TRT therapy is restarted at a lower dose.

	Lipid profile
	At baseline, 6th, and 12th months, then annually

	Liver enzymes
	At certain intervals

	Prostatic examination
	Digital rectal examination, and PSA test at baseline, and 3. months, then at time intervals recommended in guidelines.

	Treatment response
	At 3.–4. months, then annually

	Testosterone level
	At baseline
Transdermal gel: 2 weeks after the treatment
At 3. months from the initiation of the treatment;


· Cypionate/enanthate: in the mid-interval between injections

· Transdermal patch: 4–8 hours after application of the patch

· Buccal tablet: immediately before application


5.2. Theoretical questions for the lesson:
1 Anatomical and physiological features of the male reproductive system.

2 Definition and classification of hypogonadism

3 Frequency of various types of hypogonadism in the male population

4 Diagnosis of hypogonadism: Laboratory diagnosis, differential diagnosis, diagnostic tests to determine the type of hypogonadism

5 Treatment

5.1. General approaches to the treatment of patients with hypogonadism

5.2. Hormone replacement therapy for hypogonadism

5.3. Forms of hormonal drugs, their advantages and disadvantages

5.4. Complications of treatment, their frequency and methods of correction

5.5. Basic aspects of rehabilitation of patients with hypogonadism

6 Diagnostic monitoring of patients with primary hypogonadism

7 Prognosis of treatment of hypogonadism

5.3. Practical works (tasks) performed in class:

Work 1. Justify and formulate a clinical diagnosis.

The student collects complaints, anamnesis of the disease and life history of the patient. Conducts an objective examination, identifies the main clinical signs of primary hypogonadism, compiles a diagnostic program, formulates a diagnosis.

Questions to be answered by the student:

1. What is the classification of hypogonadism?

2. What are the main symptoms of primary hypogonadism?

3. What complications of primary hypogonadism do you know?

4. What are the main methods of treating patients with primary hypogonadism?

Work 2. Carrying out a differential diagnosis.

On the basis of complaints, medical and life anamnesis, objective examination data, laboratory and instrumental studies, the student conducts a differential diagnosis of a patient with hypogonadism.

Questions to be answered by the student:

1. What methods allow differential diagnosis of hypogonadism?

2. What are the indications for hormone replacement therapy in hypogonadism?

3. What forms of drugs for testosterone hormone therapy do you know?

Work 3. Formulate a clinical diagnosis and the treatment program.

The student collects complaints, anamnesis of the disease and the life of the patient, conducts an objective examination, identifies the main clinical symptoms and compiles a diagnostic and treatment program of hormone therapy and diagnostic monitoring for age-related hypogonadism.

Questions to be answered by the student:

1. What are the clinical symptoms of hypogonadism?

2. What is the treatment algorithm and necessary laboratory tests to verify the type and prescribe treatment for patients with hypogonadism?

3. What volume of diagnostic measures should be performed on a patient with hypogonadism and how to perform diagnostic monitoring of hormone therapy?

5.4. Materials for self-control:

A. Questions for self-control:

· What are the anatomical and physiological features of the male reproductive system?

· What is the definition of hypogonadism and its classification?

· What is the frequency of primary hypogonadism in the male population?

· Will it indicate the expected results of a physical examination in patients with hypogonadism?

· List the main symptoms of hypogonadism.

· What are the general approaches to treating patients with hypogonadism?

· What are the main principles of pathogenetic and symptomatic therapy?

· What are the principles of hormone replacement therapy for primary hypogonadism?

· What are the benefits of receiving hormone replacement therapy for men with hypogonadism?

· What are the disadvantages of hormone replacement therapy?

· When is surgical treatment prescribed for treating patients with hypogonadism?

· What forms of hormonal drugs are available for the treatment of patients with hypogonadism, their advantages and disadvantages?

· What are the complications of treatment and methods of their correction?

· How is diagnostic monitoring of patients with hypogonadism carried out?

· What is the duration and prognosis of primary hypogonadism treatment?

B. Tasks for self-control

1. A 25-year-old man has reduced hair growth, difficult muscle mass gain, reduced work capacity, lack of libido, and weak spontaneous erections. What disease should we think about? What examination is necessary? What treatment does he need?

2. In the patient Yu., 26 years old, with clinical signs of androgen deficiency, the total blood testosterone is 4.6 nmol/l and 4.2 nmol/l in repeated tests, LH is significantly increased, FSH is normal. He works in shifts for a long time, often misses his daily medication. What is the patient's diagnosis? What form of hormone therapy should be prescribed?

3. Patient M., 30 years old, has clinical and laboratory manifestations of hypogonadism. What basic additional laboratory examinations will help identify the form of hypogonadism?

4. Patient A., 35 years old, is being examined for infertility in marriage. The patient has a eunuchoid physique, small testicles, pronounced oligozoospermia in the spermogram. Laboratory examination shows high LH and FSH, low testosterone. What is the patient's diagnosis? What medical care is appropriate for fertilization?

5. Patient B., 59 years old, has decreased libido, obesity, profuse sweating, erectile dysfunction, drowsiness, and reduced work capacity for the past few years. In the laboratory test, testosterone, LH are decreased, prolactin is slightly increased, FSH and estradiol are normal. What is the possible diagnosis and treatment tactics?

ANSWERS

Answer 1: The patient has hypogonadism. It is appropriate to determine blood sex hormones: testosterone, prolactin, estradiol, FSH and LH. Hormone replacement therapy is the main method of treatment.

Answer 2: The patient has primary (hypergonadotropic) hypogonadism and is subject to testosterone replacement therapy. Taking into account the nature of the work and the rhythm of the patient's life, it is advisable to take prolonged depot forms of testosterone propionate or undecanoate, e.g. Omnadren, Sustanon, Nebido.

Answer 3: Research of FSH and LH, as well as blood prolactin.

Answer 4: Most likely, the patient has Klinefelter's syndrome, primary hypogonadism. It is advisable to extract sperm from the testicle (TESE) followed by in vitro fertilization (ICSI).

Answer 5: Probable age-related androgen deficiency, prolactinoma cannot be excluded. The patient is subject to hormone therapy with testosterone preparations.
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