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Abstract

Infertility is defined as a reproductive disease where the woman cannot get
pregnant after 12 months of regular unprotected sex. Globally, infertility
affects nearly 15% of reproductive age couples. Even though it affects mostly
women, men are risked by it as well, nearly up to 50% of infertility cases.
Many factors, including but not limited to underlying diseases, lifestyle,
environmental, genetics and age are closely related to damages to semen
function. Three hormones are fundamentally related to fertility in males,
follicle-stimulating hormone, luteinizing hormone and testosterone. They are
kept in balance by a series of checks and supporting pathways, but changes
and incorrect signalling leads to hormonal instability resulting in damages to
the hypothalamic-pituitary-gonadal axis of the brain. Our study is focused on
assessing the levels of these three hormones in males of the Albanian
population. We analysed 45 patients over a period of three years from 2020 to
2022 who were randomly selected in the pool and were divided by age groups
(from 20-43 years old) to better determine the normal range of hormones in
the study and their effects on the male population. We determined that the age
group 32-35 in 2020 had the highest peak level of testosterone, decreasing in
the following years. The levels of the follicle-stimulating and luteinizing
hormones showed no significant changes during the whole three years.
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Pérmbledhje

Infertiliteti pérkufizohet si njé sémundje riprodhuese kur gruaja nuk mund té
ngeli shtatzéné pas 12 muajsh seksi té shpeshté dhe pa mbrojtje. Né nivel
global infertiliteti prek rreth 15% té ¢ifteve té moshés riprodhuese. Edhe pse
prek mé tepér graté, meshkujt gjithashtu rrezikohen, deri né 50% té rasteve.
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Shumé faktoré, pérfshiré por jo té kufizuar né sémundjet ekzistuese, stili i jetés,
mjedisore, gjenetiké dhe mosha jané té lidhur ngushté mé démtimin né
funksionin e spermés. Tre hormone jané ngushtésisht t¢ lidhur me fertilitetin
te meshkujt, hormoni folikulo stimulus, luteinizues dhe testosterone. Ata
mbahen né balancé nga njé seri kontrollesh dhe rrugésh mbéshtetése, por
ndryshime dhe sinjalizim i gabuar ¢on né pagéndrueshméri hormonale gé sjell
si pasojé démtime né aksin hipotalamus- hipofizé- gonadal té trurit. Studimi
yné fokusohet né vierésimin e nivelit té kétyre tre hormoneve né meshkuj té
popullatés shqiptare. U analizuan 45 pacienté pér njé periudhé kohe tre
vjiecare nga 2020 deri né 2022 qé u pérzgjodhén né ményré rastésore dhe u
ndané sipas grupmoshave (nga 20-43 vjeg) pér té pércaktuar sa mé miré
intervalin normal té hormoneve né studim dhe efektin e tyre né popullatén e
meshkujve. U pércaktua qé grupmosha 32-35 né vitin 2020 kishte pikun mé té
larté té nivelit té testosteronit, qé né vitet pasardhése ka réné. Niveli i hormonit
folikulo-stimulues dhe luteinizues nuk treguan ndryshime sinjifikante gjaté
périudhés tre-vjegare.

Fjalé kyce: Testosteron, Fertilitet, Spermé, Nivel, Meshkuj
Introduction

Male infertility is an ever-increasing medical problem nowadays. Failed
reproductive functions in males affect nearly half infertile couples worldwide.
An increasing number of factors ranging from environmental, genetics, age
and accompanying/underlying diseases lead to abnormal or damaged sperm
function. Studies have shown that nearly 15% of couples suffer from infertility
and 50% of these cases are attributed to male infertility (Agarwal et al., 2015;
Ombelet., 2020; Agarwal et al., 2021; Oud et el., 2022). Even though there are
no clear indications of an overall fertility decline in the population, there is
significant proof of a decrease in sperm quality (Balawender et al., 2020; Zhou
et al., 2022; Garcia-Grau et al., 2022). Male infertility problems can also arise
because of low sperm production (oligozoospermia), low sperm mobility
(asthenozoospermia), or abnormal sperm morphology (teratozoospermia).
According to (Guzick et al 2001), a combination of these factors
(oligoasthenoteratozoospermia OAT) is considered to be the most common
cause of male infertility. Standardized prevalence of age related to male
infertility is reported to be growing 0.3% annually.

Nonetheless, accurate fertility or infertility rates in males represent a whole
different challenge for a variety of reasons. The first reason is the lack of
surveys targeting males regarding overall medical conditions, and especially
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the issue of fertility. The most common target group are either couples, or the
female partner of couples who have had problems trying to conceive at a
minimum time period of 1 year of unprotected sex.

The second reason is the low number of males undergoing regular medical
fertility examinations. This group is extremely small, and generally appears
only in the cases when the male presents at a clinic for this specific issue. This
leads to the third arising problem, consisting of the underreporting of infertility
in males, especially in a patriarchal country (Argwal et al., 2015).

The fourth and last reason regarding male infertility is related to the fact that
male infertility is not treated as a disease, leading again to a severe shortage
of male statistics. This has been mostly correlated with the lack of a proper
definition for infertility and the time frame projections which fertility clinics
opt to treat patients, which fall under either the one-year projection category
or the three-year projection (Mascarenhas et al., 2012).

This whole process is fundamentally related to the interaction of three
hormones (follicle-stimulating hormone, luteinizing hormone and
testosterone) operating at a basal level. The role of these hormones has been
shown as integral in the spermatogenesis mechanism of action as shown in
figure 1:

Spermatogenesis is initiated and regulated by the hypothalamus-pituitary-
gonadal axis. Gonadotropin-releasing hormone (GnRH) is secreted as
synchronized pulses by the nerve endings and acts on the pituitary gland to
stimulate the secretion of the luteinizing hormone (LH) and the follicle-
stimulating hormone (FSH). FSH operates on the Sertoli cells, whereas LH
interacts on the Leydig cells. The importance of FSH in spermatogenesis is
questionable (Moudgal and Sairam., 1998; Plant and Marshall., 2001), but is
necessary for the activation of the spermatogenesis process.

Embryo cells do not have androgen receptors, and because of that the secreted
androgens from the Leydig cells interact by using the Sertoli cells receptors as
intermediaries. The secreted testosterone from the Leydig cells coupled with
the inhibin secreted form the Sertoli cells and the oestradiol formed by the
aromatization of testosterone operate on the hypothalamus and pituitary gland
to regulate gonadotropin secretion via a negative feedback mechanism. This
whole mechanism shows the importance of the GnRH, FSH, LH and
testosterone levels in the overall normal spermatogenesis.
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Figure 1: Spermatogenesis process

Hormonal unbalance in males affecting fertility is very similar to the natural
old age symptoms, leading to an increased difficulty in diagnosing the patient.
Symptoms include, but are not limited to: thinning or loss of hair, weight
gain/loss, low sexual desire or erectile dysfunction, fatigue, depression and
poor sperm parameters (low sperm count, low mobility and abnormal
morphology).

In our study we wanted to show an overview of the matter of infertility in
Albania and the underlying hormones affecting males and their shift in the
different age groups, because of all the aforementioned reasons.

Materials and methods

45 male patients were analyzed for a three-year period (2020-2022). Samples
are randomly chosen from the pool of patients who are diagnosed at the
Intermedica central laboratory. All the samples are analyzed according to State
regulations and specifications. Blood samples are collected from the patient
and given a unique 9-digit barcode. Serum is put into standard sampling tubes
containing Li-heparina, K2-EDTA and K3-EDTA plasm. The samples are
stable for 5 days at a temperature of 20-25°C, 14 days at 2-8°C, and for 6
months at -20°C (+ 5°C). Thaw only once.
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Samples are centrifuged for 10 minutes at 4000rpm in a Cobas machine to
collect the serum for further analysis.

Three different hormone levels are analyzed and measured according to the
standardized protocol:

. Follicle-stimulating hormone (FSH):

Analyzed with the electrochemiluminescence immunoassay “ECLIA” for a
total time of 18 minutes.

First incubation of 40 pL sample comprised of a specific monoclonal
biotinylated FSH antibody, coupled with a specific monoclonal ruthenium
FSH antibody to form a complex sandwich.

Second incubation consists of adding streptavidin-coated nanoparticles to
adhere to the sandwich via biotin and streptavidin. The nanoparticles
magnetically interact with an electrode. Interaction on the electrode leads to a
chemiluminescence emission readable by a photomultiplier.

. Luteinizing hormone (LH)

Same procedure as FSH, but with a volume of 20 pL in the samples, instead
of 40 puL.

° Testosterone

Same procedure as FSH, but with a volume of 12 pL in the samples, instead
of 40 puL.

Reference values for testosterone are: 2.8-8 ng/mL> 18 years-old;
Reference values for LH are: 1.7-8.6 mIU/mL;

Reference values for FSH are: 1.5-12.4 mIU/ mL;

Results and discussion

The number of male patients randomly selected for this study was 45 for each
year (2020, 2021 and 2022) and analyzed for all three hormones. Patients age
ranges from 23 years old to 43 years old, considered to be the most prolific
years for reproduction, peaking at 25-29 years old.

As shown in figure 2, we see a slight increase in the mean values of
testosterone levels in our sample population. In 2020 the mean values of
testosterone are 4.2ng/mL, whereas in 2021 these values go up to nearly
4.7ng/mL and just 4.8ng/mL in 2022. Even taking into consideration the low
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values in 2020, nonetheless the mean levels of testosterone fall into the
reference values of 2.8-8ng/mL. These changes could be attributed to a
number of factors: the younger population is reaching peak fertility maturity.
Even though the older patients are getting older, this could lead to a decrease
in sperm quality (beginning at around 30-32 years old) and quantity
(significant decrease at 45 and older), but not necessarily affecting or being
affected by testosterone.

4.799
4.686

4.2

2020 2021 2022

Figure 2: Mean levels of testosterone in male population. Units are in ng/mL

Another factor to take into consideration is the end of the pandemic, leading
to lifestyle changes in the male population varying from increased physical
activity and intensity, access to better food quality, general mood improvement
and better mental health. Several studies have shown that usage of narcotic
substances, alcohol consumption and in many cases the type of job you have,
can affect testosterone levels (Duca et al., 2019; David and Kirby 2022; Koh
et al., 2022; Smith et al., 2023). Smoking is another factor to be taken into
account, but studies have shown conflicting results; there are studies that
support the idea that smoking lowers testosterone levels (El Salam et al., 2021)
and other studies that show that tobacco consumption increases them
(Svartberg and Jorde., 2007; Zhao et al., 2016).

This has been proven by Zhao et al., 2016 that shows that smoking leads to an
increase of testosterone levels since nicotine metabolites and androgens have
the same mechanism of discarding and nicotine has a higher affinity,
potentially blocking androgen ejection. A high level of testosterone
nonetheless is not necessarily affiliated with male fertility. A study by Tang et
al., in 2019 shows a high level of testosterone in heavy smokers, but a
significant decrease in sperm volume and total sperm count, but no significant
quality in the semen. This study is supported by the study from Osadchuk et
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al., 2023, which showed that smokers from a population of 1222 males, heavy
smokers showed a significant decrease in semen volume, total sperm count,
motility and concentration and an increase in semen teratozoospermia and
DNA fragmentation. Sedentary lifestyle, with ever increasing time spent
sitting down has also led to lower levels of testosterone.

Testosterone levels are also afflicted by stress. A study by Afrisham et al., 2016
showed significant low levels of salivary testosterone in males under stress
conditions, whereas female participants had notable, but not significant lower
levels of testosterone under the same conditions of acute stress. And the study
by Xiong et al in 2022 showed that male rats under chronic stress conditions
for 3 weeks showed a significant decrease in bodyweight and genital index, as
well as serum testosterone levels.

Reference values of testosterone and mean levels seen in figure 2, show that
the situation in our study group comprised only of Albanian males, is within
all parameters. The real story is that there are multiple cases when in fact that
is not factually true. As shown in figure 3, these values vary quite drastically,
differing a lot throughout the years. 2020 is the year with both values at its
lowest (8.61 and 0.9ng/mL, max and min respectively), peaking in 2021
(~11.1 and 1,8ng/mL) and then showing a slight decrease in 2022 (9.74 and
1.43ng/mL). There are two main factors to be considered here:

® Max = Min
11.08
8.61 9.74
2020 2021 2022

Figure 3: Maximal and minimal values for testosterone

1) The Covid-19 pandemic in Albania sent the nation to a total shutdown
and lockdown of people, which in turn lead to overeating, increased obesity
and more sedentary lifestyle, which results in low testosterone. This also
coupled with an ever-decreasing mental health and accumulated stress. The
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return of life to a pre-pandemic situation considerably improved the
parameters of persons in general, including testosterone levels.

2) The males in the study group are usually persons already suffering
from a reproductive anomaly, usually low testosterone levels or affiliated
hormonal unbalance and as such as being treated with prescription drugs to
increase testosterone levels. Taking this factor into account, it would result in
the artificial increase of the mean levels of testosterone of patients.

5.05

23-24-25 26-27-28 29-30-31 32-33-34 35-36-37 38-39-40 41-42-43

Figure 4: Mean values (green) and std deviation (blue) for males in 2020

Figure 4 shows the ongoing trend of testosterone levels worldwide, peaking
around 25-29 and starting to get lower with each passing group. Even though
there is a deviation in the study group, which has also been reported by the
Albania Institute of Statistics in 2021 (citation missing) that males in Albania
are predominantly starting families after the age of 30, which correlates with
our findings as well. It has become practice for new couples to undergo a series
of tests and treatments before starting a new family, which in Albania has
drastically shifted after the age of 30, peaking between 32-35 years old.

No more than a decade ago, this trend was predominantly shifted before both
partners hit 30 years old, usually in between 25-26 for the female partner, and
28-30 for the male counterpart. What is also of note in the figure is the absence
of 18-22-year-old young adult males. One key element is that biologically this
age group is part of the low-risk group for low testosterone levels. And the
next major feature, is the lack of information and awareness campaigns
focusing on said issue. A simple survey of the patients when going to the clinic
regarding testosterone levels during the 2020 pandemic showed clear results:
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since people are stuck at home and have too much free time, it has led to more
frequent and regular sexual relations between partners, which in turn has
boosted testosterone levels.

Figure 5 shows the mean values and std deviation for testosterone in males in
2021. Compared to the previous year a left higher shift is seen in males
younger than 32, peaking in the age group 29-31. There is a significant
increase in all other younger groups as well, and a slight decrease in males 32
and older which is attributed to the biological lowering levels of testosterone.
What is notable are the significant diminished values in the 32-35 age group,
which is attributed to the birth of newborns and the lack of intimate relations
in the couple, apart from the aforementioned factors.

7.555

5591 5.696

5.058

20-21-2223-24-2526-27-2829-30-3132-33-3435-36-37 38-39-4041-42-43

Figure 5: Mean values (green) and std deviation (blue) for males in 2021

In figure 6 we see an expected trend of decreased testosterone values,
compared to the year 2021 because the pandemic was over and life had
returned to its normalcy. The return of people in the office means a more
inactive life and less physical activity. The increased consumption of alcohol,
tobacco, and recreational drugs coupled with a sedentary lifestyle would lead
to a lower libido and sexual drive, resulting in decreased levels of testosterone
as supported by the data.
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Figure 6: Mean values (green) and std deviation (blue) for males in 2022
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Figure 7: Mean levels (green) and std deviation (blue) of FSH, LH and
Testosterone in A- 2020; B- 2021; C- 2022

The next analysis for the follicle-stimulating hormone and luteinizing
hormone showed no significant changes in all three years of the study. Both
FSH and LH fall between the ranges of the reference values, leading to the
conclusion that spermatogenesis is functioning normally. In the case when
FSH levels would be higher, then sperm production would be outside normal
parameters and if LH levels are high, they would directly impact synthesis of




15 JNS 35/2024

testosterone. High levels of LH could also be used as a marker to determine
damage or failure of the testis.

Abnormal spermatogenesis in the testes would correlate with a high stimulated
pituitary gland and overproduction of LH and FSH and low levels of
testosterone. Testosterone by itself is not directly linked to the production of
semen, but its low serum levels affect normal penile erection and lower libido,
with the outcome being higher infertility rates.

Conclusions

In conclusion, our study is focused on an area where findings in Albania are
scarce and the data is either lacking or underreported. We elucidated the
indirect importance of testosterone in male fertility and showed findings about
the situation in our country which are easily obtainable with simple blood
work, relatively cheap and with long lasting and preventive effects. Even
though the sample group is still small, this could help as a stepping stone for
a more comprehensive and detailed assay of the Albanian male population.
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