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Impact of testosterone levels and testosterone 
replacement therapy on men’s health
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ABSTRACT

Various studies have shown that testosterone levels have a heavy impact on areas of a man’s health. Low 
serum testosterone (and, by analogy, late-onset hypogonadism) may be responsible for such conditions as 
type 2 diabetes, obesity in the abdominal area, and, most of all, heightened cardiovascular risk (CV). Among 
other outcomes, researchers have pointed out metabolic syndrome and dyslipidemia, as well as an increased 
risk of anxiety disorders and major depressive disorders. There have also been reports of testosterone’s 
influence on fertility, bone mineral density, and the development of polycythemia. Low testosterone can have 
a variety of effects, all of which increase the risk of premature death by raising inflammatory marker levels.
Overly high testosterone, however, has been proven to have a notable influence on men's personalities, 
as well as other psychological and social traits, both in endogenously elevated testosterone levels and in 
patients with a history of anabolic-androgenic steroid use.
The last decade’s research on testosterone’s impact on the organism has yielded contradictory results. 
Therefore, examination and understanding of the influence of its abnormal levels prove essential to not only 
guarantee the best quality of hypogonadism treatment but also to effi ciently prevent any side effects or 
complications associated with testosterone use.

Introduction

Testosterone (T) is a steroid hormone influenc-
ing men’s physiology. It is responsible for devel-

oping male sexual characteristics and maintain-
ing them later in life. With age, however, levels of 
testosterone decline [1], which in approximately 
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5% of cases might lead to the development of 
late-onset hypogonadism (LOH) [2,19]. 

The defi nition of testosterone defi ciency 
varies among researchers, who may need help 
forming consistent diagnoses for men affected 
by it. Therefore, it is essential to understand and 
clearly defi ne the issue. A recent study by Salter 
et al. compared multiple guidelines for testos-
terone therapy produced by some of the major 
medical societies specializing in urology, endo-
crinology and sexual medicine and present-
ed a consensus that testosterone defi ciency is 
defi ned by abnormal laboratory results as well 
as clinical manifestations. Laboratory thresh-
olds vary from as low as <10.4 nmol/L (Ameri-
can Urological Association) to <12.1 nmol/L 
(European Association of Urology, International 
Society for Sexual Medicine, International Soci-
ety for the Study of the Aging Male). Some soci-
eties do not propose detailed levels, either not 
including them in the recommendations (Ameri-
can Association of Clinical Endocrinologists) or 
describing the measurements as ’consistently 
low’ (Endocrine Society). British Society of Sex-
ual Medicine and the European Association of 
Urology emphasise the importance of measur-
ing total and free testosterone levels. Clinical 
signs mentioned by Salter et al. include anae-
mia, osteoporosis, infertility and erectile dys-
function, psychological symptoms, diabetes 
mellitus and muscle mass loss, all of which we 
will describe later in our review. Patients pre-
senting such symptoms should undergo further 
examination [3]. European Academy of Androlo-
gy (EAA) highlights the importance of consider-
ing LOH a functional instead of an organic form 
of hypogonadism (caused by obesity and medi-
cation). It, therefore, suggests excluding organic 
causes of hypogonadism before diagnosing the 
patient [4].

Various studies have shown that LOH heav-
ily impacts many areas of a man’s health [5–10]. 
It is important to remember that as a functional 
disease, hypogonadism should be initially treat-
ed with lifestyle changes such as weight loss or 
withdrawal of drugs impairing the production of 
testosterone, if possible. EAA suggests testoster-
one replacement therapy’s (TRT) positive influ-
ence on sexual function in hypogonadal men, but 
there is insuffi cient evidence regarding its posi-
tive impact on other outcomes [4].

In the face of the last decade’s contradictory 
results of testosterone research [11], this review 
aims to analyse the most recent studies regard-
ing testosterone level impact on male cardiovas-
cular (CV), metabolic and psychological health. 
Moreover, we tried to assess the benefi ts as 
well as side effects of TRT, such as a suspected 
increase in CV event risk [12], prostate cancer or 
metabolic syndrome [13].

For this review, the terms 'functional hypogo-
nadism' and 'testosterone defi ciency' will be used 
interchangeably with 'late-onset hypogonadism' 
(currently considered an outdated term), depend-
ing on the name used by cited authors.

Material and methods

Publications from 1987 to August 2023 were 
searched via PubMed and GoogleScholar using 
the terms "testosterone", "hypogonadism", "LOH", 
"TRT", "cardiovascular diseases", "cardiovascular 
risk", "cardiovascular events", "Testosterone Tri-
als", "metabolic syndrome", "muscle loss"; "dia-
betes", "prostate cancer", "psychology", "anabolic 
androgenic steroids", and "depression". Addition-
al papers were found and studied through the ref-
erences of those papers. Only articles in English 
were considered.

Testosterone and its functions 
in men’s organism

Testosterone is the principal sex hormone pro-
duced and secreted by Leydig cells stimulated 
by luteinising hormone (LH). Its influence on the 
organism begins as early as in the fi rst weeks of 
gestation when it starts conditioning the process 
of genital virilization, such as phallic enlargement, 
the development of seminal vesicles and pros-
tate (however, these processes are influenced 
more by dihydrotestosterone than testosterone). 
Another organ influenced by testosterone is the 
brain, where during foetal growth, the aromatase 
converts testosterone to estradiol, causing mas-
culinization and organisation of neural pathways 
characteristic of male behaviours [14].

Later on, in the third trimester, testosterone, 
along with the anti-Mü llerian hormone (AMH), 
stimulates the development of sex by promot-
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ing the degeneration of the Mü llerian duct and 
growth of the Wolffi an duct [15].

Before puberty, testosterone conditions the 
adrenarche, which manifests physically by devel-
oping adult body odour, axillary and pubic hair 
growth or an increase in testicular size. During 
puberty, masculine development stimulated by 
testosterone continues, resulting in the progress-
ing appearance of tertiary sexual characteristics 
(for example, modifi cation of skull shape, growth 
of facial hair, Adam’s apple appearance, voice 
deepening) [16].

In adulthood, testosterone is necessary 
for maintaining spermatogenesis [17], muscle 
growth and inducing sexual activity [14]. It also 
seems to have a signifi cant impact on motivation 
and ambition [18], as well as cognitive functions, 
which is especially noticeable in older men suf-
fering from hypogonadism [19].

Finally, testosterone has a signifi cant anti-in-
flammatory effect on multiple tissues. Low tes-
tosterone levels correlate with increased C-re-
active protein (CRP), macrophage inflammatory 
proteins 1-α and 1-β and TNF-α, and many other 
pro-inflammatory cytokines and adipokines. This 
prolonged inflammation is one of the main rea-
sons why testosterone’s low levels may lead to 
metabolic syndrome, cardiovascular diseases, 
neurodegeneration and increased mortality risk 
[20], which our study will further discuss.

Cardiovascular diseases

Testosterone defi ciency’s influence on cardio-
vascular risk is a controversial and problematic 
topic. The available research lacks adequately 
powered randomized trials and does not provide 
suffi cient longitudinal studies regarding TRT's 
safety in men with hypogonadism.

Meta-analyses considering the effect of 
endogenous T levels on CV risk have shown con-
flicting results. Corona et al. conducted a ran-
dom effect meta-analysis using data from 37 
observational studies published between 1988 
and 2017 [21]. The analysis included 43,041 men 
at a mean age of 63.5 years, with a mean fol-
low-up time of 333 weeks. The presented study 
showed that low T in ageing men is a marker of 
CV risk. However, the authors noted that the pos-
sible benefi ts of T treatment in reducing this risk 

should be examined in longer-term, specifi cally 
designed trials. Marriott et al. did not report the 
same results, who analyzed data on 20,180 men 
aged 64.9±3.3 years with a mean T concentration 
of 15.4±0.7 nmol/L measured using mass spec-
trometry [22]. This meta-analysis demonstrated 
no signifi cant effect of a 5 nmol/L increase in T 
level on the risk of all-cause mortality or death 
from CV disease.

Although some studies conducted in the past 
have suggested that TRT may be associated 
with increased CV risk [23–26], several recently 
published meta-analyses have not supported 
such conclusions. Corona et al. gathered data 
from 15 pharmaco-epidemiological studies and 
93 randomized placebo-controlled trials (RCT). 
They also found no indication of increased CV 
risk caused by correctly applied T therapy (TTh) 
with data from pharmaco-epidemiological stud-
ies suggesting that TTh reduces overall mortal-
ity and CV morbidity [27]. Fallara et al. analyzed 
data regarding 179,631 hypogonadal adult men 
(≥18 years old) and found that those treated with 
TTh had a lower all-cause mortality risk as com-
pared to control groups without increased CV risk 
[28]. Hudson et al. also found no evidence that 
TTh increased short- or medium-term CV risk in 
men with hypogonadism [29]. This study involved 
RCTs, which included individual participant data-
sets (IPD), and investigated the effect of incorpo-
rating data from trials that did not provide IPD. 
Thirty-fi ve primary studies were analyzed with 
a total of 5,601 participants at a mean age of 65. 
Finally, Ayele et al. conducted a systematic review 
analyzing the association between TRT and the 
risk of venous thromboembolism (VTE), which 
included 13 RCTs and a total of 5,050 men aged 
≥18 years. The results suggested that TRT is not 
associated with an increased risk of VTE [30].

Several studies also analyzed the safety of 
TTh in patients with comorbidities. Mangolim et 
al. gathered data from 16 RCTs, including men 
with low T levels and obesity. Researchers found 
that in these men, TRT slightly improved lean 
body mass and LDL; however, its impact on CV 
events was unclear [31]. Another study conduct-
ed by Cannarella et al. aimed to assess the risk 
of TRT on cardiac function and angina in patients 
with low T levels coexisting with heart failure 
(HF) or coronary heart disease [32]. Seven RCTs, 
including 140 patients of NYHA class II and III, 
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were analyzed. Upon analysis, no effect of TRT 
on death and rehospitalization rates of patients 
with HF was found, and in patients with chronic 
angina, a signifi cant delay in time to ischemia 
was observed.

Even though none of the meta-analyses 
described above suggested that TTh might be 
associated with increased CV risk when used as 
indicated, most concluded that further research 
is needed to confi rm its safety.

On June 16, 2023, the results from the Tes-
tosterone Replacement Therapy for Assess-
ment of Long-term Vascular Events and Effi cacy 
Response in Hypogonadal Men (TRAVERSE) trial 
were presented at ENDO 2023. TRAVERSE trial 
is a randomized, double-blinded, placebo-con-
trolled study conducted at 316 clinical trial sites 
in the United State [33]. A total of 5246 men 
between the ages of 45 and 80 were enrolled 
in the experiment and assigned in a 1:1 ratio to 
receive daily transdermal 1.62% testosterone gel 
or matching placebo gel. All participants had pre-
existing or a high risk of CV disease. Moreover, 
participants had to present at least one of the 
symptoms of hypogonadism, including decreased 
sexual desire or libido, decreased spontaneous 
erections, fatigue or decreased energy, low or 
depressed mood, loss of axillary or pubic body 
hair or decreased frequency of shaving, or hot 
flashes; and had to have two fasting serum tes-
tosterone levels of less than 300 ng/dL.

The primary safety end-point of the trial was 
the fi rst occurrence of a major CV event (includ-
ing death, nonfatal myocardial infarction, and 
nonfatal stroke). Upon analysis, researchers 
identifi ed 182 patients (7.0%) in the testoster-
one group and 190 patients (7.3%) in the place-
bo group who suffered a major CV event (hazard 
ratio, 0.96; 95% confi dence interval, 0.78 to 1.17; 
P<0.001 for noninferiority). After censoring the 
data on events that occurred more than 365 days 
after the last dose of TRT or placebo, a primary 
safety end-point event occurred in 154 patients 
(5.9%) in the testosterone group and 152 patients 
(5.8%) in the placebo group (hazard ratio, 1.02; 
95% CI, 0.81 to 1.27; P<0.001 for noninferiority). It 
is also worth noting that the mean (±SD) duration 
of treatment and follow-up, respectively, were 
21.7±14.1 and 33.0±12.1 months, and thus, there 
is still a need for longer-term studies with greater 
follow-up to ascertain the safety of TRT use [33].

TRAVERSE trial provides strong evidence 
regarding CV safety of adequately prescribed 
TRT; it is still essential to remember that this ther-
apy may result in adverse effects. A higher inci-
dence of nonfatal arrhythmias, atrial fi brillation 
and acute kidney injury has been reported among 
patients who received testosterone than among 
those who received placebo. Therefore, TRT 
should only be prescribed to middle-aged and 
older men with symptomatic androgen defi ciency 
in whom testosterone is clinically indicated [33].

Diabetes

Testosterone, as an endogenous sex hormone, is 
an important factor in glucose metabolism and 
maintaining glucose homeostasis. However, it 
is not sure whether testosterone defi ciency pro-
motes the development of pre-diabetes and T2D 
or if it is the other way around [34]. There is no 
doubt a correlation that primary care doctors 
should be aware of, and all male patients with 
T2D should be screened for hypogonadism [35]. 
It is even more important when considering the 
results of the International Diabetes Federation. 
In 2019, 9.3% of the global population was esti-
mated to have type 2 diabetes, and this percent-
age is expected to increase steeply in the follow-
ing years. Moreover, half of the people with dia-
betes are not aware that they suffer from it [36].

A recent study found that among all age groups 
mean, testosterone levels were signifi cantly lower 
in patients with diabetes than in corresponding 
non-diabetic groups. In addition, a longer dura-
tion of diabetes correlated with decreased testos-
terone levels [37]. Men in prediabetic states also 
have been found to have lower levels of testoster-
one than their healthy counterparts [38].

A study by Gouda et al. found that in 
non-obese (BMI below 30) men with T2D, one 
of the risk factors of testosterone defi ciency is 
an elevated visceral adiposity index. This index 
could be used to predict testosterone defi ciency 
in men without obesity with T2D [39]. In contrast, 
higher levels of testosterone have been associ-
ated with lower risks of developing T2D [5]. More 
so, increased testosterone is related to better 
outcomes of T2D development markers (better 
insulin sensitivity and lower levels of stimulated 
glucose) [38]. As a possible mechanism, Navar-



Journal of Medical Science 2024 March;93(1) 61

ro et al. showed that testosterone enhances the 
effect of glucagon-like peptide 1 (GLP-1) and the 
function of beta-cells [40].

TRT has been found to completely prevent the 
progression from prediabetes to type 2 diabetes 
in men with LOH [41]. Moreover, improvements in 
glycemia and lipid ratios were also observed [41, 
42]. Additionally, the mortality rates were lower 
for patients with T2D whose testosterone levels 
were normal or who were on TRT compared with 
patients with T2D who suffered from testoster-
one defi ciency [32].

Therefore, as TRT positively affects men with 
LOH, it might be used as a treatment for better 
T2D control and improvement in men’s health.

Obesity, metabolic syndrome 
and muscle loss

There is strong evidence that low testosterone 
levels are associated with a higher prevalence of 
metabolic syndrome (MetS) in men of any age [9]. 
However, it has yet to be proven if the connection 
goes only through hyperinsulinism or if there is an 
independent association. A study with an 11-year 
follow-up has shown that even in men with nor-
mal BMI, there are signifi cantly higher odds of 
developing MetS for men in the lower quartile of 
serum testosterone levels [44].

The exact role of testosterone and other sex 
hormones on human metabolism has not been 
clearly defi ned yet. However, the usually empha-
sised aspects are, among others, defective lip-
id uptake, lipolysis stimulation, and decreasing 
lipogenesis. In a 1999 study in which almost 400 
males aged >20–85 were examined, there was 
a positive correlation found between age and 
BMI and fat mass (measured by impedance) and 
a negative correlation of age with levels of free 
testosterone and free insulin-like growth factor 1 
(IGF-I) [45]. The role of testosterone in changes 
occurring during a lifetime may also be caused 
by its anabolic activity. Higher testosterone lev-
els correlate with a lower lean mass loss in men 
over 65, as shown in a study that examined near-
ly 6000 men [46]. There was also a trial testing 
TRT in men with spinal cord injury and low tes-
tosterone serum levels that showed that after 12 
months of TRT, there was a signifi cant increase 
in the patients’ lean tissue mass in comparison 

with the control group [47]. TRT has also prov-
en effective in preventing muscle mass loss in 
HIV-infected patients [48]. The positive effect 
was most pronounced when intramuscular injec-
tions administered testosterone.

Prostate cancer

For a long time, scientists have not been able to 
conclude whether testosterone levels affect the 
development of cancer in men. The most likely 
and frequent possible cancer that depends on 
testosterone levels is prostate cancer.

In 2019, Kaipainen et al. conducted a study to 
test whether testosterone is a cancer growth fac-
tor through ligand-mediated androgen receptor 
activation. The study concluded that in addition to 
metabolism and transport of aldo-keto reductase 
family 1-member C3 (AKR1C3) – a hormone 
responsible for the conversion of androstene-
dione (AED) to testosterone – by tumour epithe-
lium, testosterone can also be produced by com-
ponents of the tumour microenvironment [49].

A meta-analysis conducted by Claps et al. 
in 2018 led to the conclusion that, depending 
on androgen deprivation therapy (ADT) intake 
and different clinical conditions, the associa-
tion between circulating testosterone and pros-
tate carcinoma (PC) prognosis varies [50]. For 
instance, in early PC, testosterone levels did 
not influence overall survival (OS). However, in 
advanced PC the prognosis and risk of death 
depended on the employment of ADT. Before 
ADT, higher testosterone levels correlated with 
a reduced risk of death, while during the said 
therapy, it was the low levels that reduced the risk 
of progression and death.

Also, in 2018, Walsh et al. conducted a retro-
spective initial cohort study of male veterans aged 
40 to 89 years with laboratory-defi ned low testos-
terone levels between 2002 and 2011 and a recent 
prostate-specifi c antigen test. At fi rst, the study 
found that only 313 out of the total number of men 
who were treated with testosterone had aggres-
sive prostate cancer. However, upon adjusting for 
factors such as age, location, and other medical 
conditions, it was revealed that the incidence rate 
of aggressive prostate cancer was 0.57 per 1000 
patients among untreated men and 0.58 per 1000 
among treated men. Therefore, it was concluded 
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that there is no correlation between the cumu-
lative dose or formula of testosterone and the 
development of prostate cancer [51].

Morales and Black described the case of 
a 71-year-old man who had previously under-
gone treatment for adenocarcinoma of the pros-
tate gland. As a consequence the patient experi-
enced a decrease in androgen levels and hypogo-
nadism, as well as a decrease in libido, for which 
the patient decided to start testosterone replace-
ment therapy. After half a year of testosterone 
treatment, the patient's prostate-specifi c antigen 
(PSA) increased, and therefore, he was advised 
to discontinue further testosterone treatment, 
which resulted in PSA’s normalization. After the 
patient's death, caused possibly by a previously 
discovered hemorrhagic epidural mass and mul-
tiple pulmonary nodules, an autopsy was ordi-
nated and revealed the prostate gland to be small 
with tumour cells histologically matching the 
ones found in the spine lesion and not originating 
from the prostate [52]. 

Based on such a small number of studies and 
articles, it cannot be claimed that testosterone 
affects the development of cancer in men, specif-
ically prostate cancer. Many factors must be con-
sidered when conducting research, such as: age, 
comorbidities, place of work, and much more. 
Figuring this out is still a very relevant issue.

Osteoporosis

Bone demineralization is most commonly asso-
ciated with estrogen defi ciency (especially in the 
female population) – this mechanism is more 
frequently described in the literature and, there-
fore, better understood. Testosterone's influence 
on bone metabolism is relatively underrepre-
sented in research but needs to be more impor-
tant [53]. Osteoporosis is therefore often consid-
ered a "female" issue, with the male population 
presenting signifi cantly lower prevalence and 
experiencing clinical manifestations much later 
(i.e. osteoporotic fractures occurring even ten 
years later in men's life than in women's), possi-
bly because of a more gradual drop of testoster-
one levels. Despite that, morbidity and mortality 
of hip fractures are higher in men than in women 
[54], and only 10% of men receive proper treat-
ment [55].

Traditional views suggest that testosterone 
defi ciency in men has analogous effects on bone 
density as estrogen defi ciency in women [56]. In 
a study from 1989, Stepan et al. showed a rapid 
decrease in bone density in castrated men, which 
led them to conclude that estrogen was the pri-
mary regulator of bone metabolism in women 
and testosterone in men. This theory was later 
modifi ed over time by multiple studies, resulting 
in the currently accepted thesis that estrogens 
and testosterone play an important part in influ-
encing men's bone metabolism [53].

Golds et al. mention in their review that due to 
the androgen receptors’ presence in osteoblasts, 
osteocytes and osteoclasts, it is likely that tes-
tosterone has a direct influence on these cells, 
and therefore, on bone metabolism. However, 
based on a large Osteoporotic Fractures in Men 
Study (MrOS), the authors of this review point out 
that despite a clear correlation between hypogo-
nadism and osteoporosis, the connection is pos-
sibly not based exclusively on free testosterone 
levels; the main factor influencing bone deminer-
alization in men still seems to be low bioavailable 
estrogen (BioE2) and high sex hormone-binding 
globulin (SHBG). Free testosterone's effect on 
bone mineral density (BMD) seems to be nonsig-
nifi cant, with only some (though not independent) 
effects on increased fracture risk [54].

Still, almost half of male osteoporosis cases 
have a secondary cause, one of the most fre-
quently observed being hypogonadism [55]. 
Therefore, all cases of osteoporosis or idiopathic 
fragility fractures in older men should be investi-
gated for possible secondary causes and treated 
accordingly. 

Polycythemia

Polycythemia is an abnormally increased red 
blood cell mass. It is defi ned by the mass of red 
blood cells, which in men should be between 26 
and 32 mL/kg [57]. That mass usually increases 
when hematocrit and haemoglobin values are 
above the norm, 51% and 185 g/L in men, respec-
tively [58]. Secondary polycythemia is caused by 
chronic hypoxemia (obstructive sleep apnea, con-
gestive heart failure) that stimulates the produc-
tion of erythropoietin [59]. Testosterone also stim-
ulates erythropoietin, increasing the haemoglobin 
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level and hematocrit [60]. Therefore, the low tes-
tosterone level in hypogonadism correlates with 
lower haemoglobin levels and lower haematocrit.. 
Introducing TRT can stop this decrease. However, 
in 4–40% of men, TRT may cause polycythemia 
and an increase of hematocrit, which, by increas-
ing blood viscosity, may worsen already existing 
cardiovascular diseases [61]. 

At risk of developing erythrocytosis are espe-
cially older men treated with injections of testos-
terone preparations [62]. Injections have a higher 
chance of causing erythrocytosis than topical 
preparations [60].

Before starting TRT, the presence of condi-
tions causing secondary polycythemia should be 
ruled out. Haematological assessment is needed 
to prevent hematocrit over 51% during TR, before 
starting the treatment, in 3–4 months, after a year 
of therapy and then annually. Moreover, to keep 
the hematocrit below the threshold of 52% dose 
adjustment or phlebotomy may be needed [63].

Impact of TRT on men’s fertility

In men wanting to preserve fertility TRT is con-
traindicated [4]. TRT suppresses spermatogen-
esis, and that suppression may last even up to 
a year after the treatment is discontinued [64]. 
Instead of TRT, gonadotropin therapy is recom-
mended for men with secondary hypogonad-
ism who desire to preserve fertility. Functional 
secondary hypogonadism testicular function is 
intact and should respond well to stimulation with 
exogenous gonadotropin [4]. Rastrelli et al., in 
their meta-analysis, showed that in three-fourths 
of patients with hypogonadism, gonadotrophin 
therapy-induced sperm output [65]. hCG is the 
most common preparation used in gonadotro-
phin therapy [4]. In cases of organic secondary 
hypogonadism, a combination of hCG and FSH 
was shown to have a better outcome in restoring 
fertility [65]. Before starting TRT, informing the 
patient about possible side effects and consider-
ing their decision are crucial.

Pathopsychological effects

Psychological effects of high testosterone levels 
are a relatively new subject in the researchers’ 

area of interest, with the main hypotheses mainly 
focused on an increase in aggressive and violent 
behaviours [66, 67], as well as the development of 
antisocial personality disorder (APD). The results 
of such studies still seem to be inconsistent. 
While there is evidence of a signifi cant correla-
tion of APD with high testosterone levels in saliva 
[68], other studies prove this relationship uncer-
tain [69]. Some authors have even proved that 
higher testosterone levels have no signifi cant link 
to aggression but rather to venturesomeness and 
adventure-seeking in men who are already diag-
nosed with personality disorders [70].

Yildirim et al. suggest that the original rea-
son behind antisocial, sociopathic and psycho-
pathic personalities might be high levels of foetal 
and circulating testosterone, which influence the 
maturation of mesolimbic dopaminergic circuitry 
responsible for emotional processing and empa-
thy [71]. However, the same authors consider this 
aspect heavily modulated by other biological and 
psychosocial factors and conclude that higher 
testosterone levels cannot be considered a sin-
gular risk factor but rather a determinant that 
other elements must amplify to occur [71].

Another research suggests that cortisol is one 
of such biological factors capable of stimulating 
testosterone's influence on the subject's person-
ality. In this study, Welker et al. point out that the 
positive correlation between testosterone and 
psychopathy only occurs in men with increased 
cortisol levels, with no such relationship observ-
able in subjects with low cortisol. This theory’s 
main limitation is, however, that it is impossible 
to decide whether high testosterone and cortisol 
are a cause, or a result of psychopathy [72].

In addition to those reports, Dreher et al. 
explored the subject of testosterone’s stimula-
tion of prosocial behaviours in men. They found 
out that the participants who had had testoster-
one injected were more prone to confrontational 
behaviours than those who had received a place-
bo. However, they also happened to be more gen-
erous, but only if such behaviour could enhance 
their economic and social status [73].

Similar conclusions might be drawn from 
the reports regarding anabolic androgenic ste-
roids (AAS) use and their effects on men’s neu-
ral function. AAS are known to pass through the 
blood-brain barrier. Since most common doses 
are supra-physiological (even 5–100 times great-
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er than natural male production of testosterone), 
they are hypothesised to affect the central ner-
vous system much more visibly than endogenous 
high levels of testosterone [74]. According to 
Hauger et al., such correlation is most commonly 
seen in AAS-dependent men, who showed more 
aggressive and violent behaviours than those 
who use AAS but have not developed a depen-
dency.

It has also been pointed out that AAS abuse 
can often be linked with moodiness, anxiety, psy-
chotic and manic episodes, as well as depression 
and suicide. However, it is still a topic of discus-
sion whether such psychological complications 
are a result of AAS use or if they are independent 
comorbidities [75]. While overly high levels of tes-
tosterone induced by the abuse of AAS is sug-
gested to contribute to the development of major 
depressive disorder, its naturally correct levels 
seem to be a protective factor against it. This 
correlation is most noticeable in men with hypog-
onadism. This group of patients shows a high-
er prevalence of anxiety disorders and major 
depressive disorder compared to men with cor-
rect levels of testosterone. A similar connection 
has been pointed out in patients who received 
anti-androgen treatment for prostate cancer [76, 
77]. In an interesting study, Li et al. noticed that 
one of the enzymes responsible for testoster-
one’s degradation is 3β- hydroxysteroid dehy-
drogenase (3β-HSD); they pointed out that rats 
infected with 3β-HSD-producing Escherichia coli 
manifested depressive behaviour with correlating 
lower serum and brain testosterone levels [77].

In contrast, Zarrouf et al. pointed out that TRT 
administration in hypogonadal men helped with 
diminishing the symptoms and improving the 
mood, which further supports the thesis of tes-
tosterone’s protective qualities [78].

Conclusions

This review explores the most important aspects 
of testosterone's influence on the male body. Due 
to the wide range of possible consequences of 
testosterone’s various levels, it is vital to con-
sider the side effects when treating patients with 
both low and high serum testosterone. Some of 
the negative repercussions of abnormalities in 
testosterone levels are more directly dangerous 

than others. However, they all heavily influence 
the organism and should be analyzed and dis-
cussed with the patient. Low serum testosterone 
levels correlate with a higher risk of heart failure, 
In contrast, TRT may be a factor in reducing it, as 
well as having a protective effect on the heart and 
preventing early cardiovascular deaths. Similarly, 
a relationship between lower testosterone and 
a higher risk of metabolic disease and obesity 
has been noticed, where defective lipid uptake, 
lipolysis stimulation or decreasing lipogenesis 
are considered to be the main factors. Diabetes is 
another consequence of low testosterone, which 
is confi rmed by tests run on men with both a pre-
diabetic state and T2D. It is also possible that 
diabetes itself causes the reduction of testoster-
one levels, considering how men with a long his-
tory of diabetes seem to have considerably low 
levels of this hormone. A possible result is per-
sonality disorders, such as APD or psychopathy, 
as well as an increased risk of TRT-induced infer-
tility and polycythemia. 

Interestingly, high testosterone levels might 
also have a negative influence on a man’s health. 
One of possible results are personality disorders, 
such as APD or psychopathy, as well as increased 
risk of TRT-induced infertility and polycythemia.

Considering how signifi cant correct testoster-
one levels seem for maintaining both somatic and 
psychological health and well-being, it is impera-
tive to continue research in this area.
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