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Abstract

Background: Hypogonadism is a clinical and biochemical disorder characterized by symptoms
and findings resulting from androgen deficiency caused by insufficient testosterone production
due to different medical disorders or old age. It has a significant negative impact on one's quality
of life by negatively influencing a variety of systems and has become more prevalent in recent
years. It is a common disorder in male population that affects a higher percentage of men with
chronic illness like leprosy.

Objective: To assess hypogonadism and associated factors among leprosy patients at Alert
Comprehensive Specialized Hospital, Addis Ababa, Ethiopia, 2023.

Methods: An institution based cross-sectional study design was conducted from June 01, 2022,
to June 29, 2023. Source population were all male leprosy patients attending follow-up at Alert
Comprehensive Specialized Hospital. 146 participants were selected by a convenient sampling
method from male leprosy patients over age of 18 to 65 years attending follow-up at leprosy
outpatient clinic. Data was gathered both from patient charts and through patient interviews.
Androgen deficiency symptoms were assessed by androgen deficiency in ageing male
questionnaire, and 5ml of blood samples were taken from study participants to measure serum
total testosterone, LH, and FSH. The data was analyzed by Stata version 14.0 and descriptive
statistics were presented as percentage means and standard deviations. Spearman’s correlation
was employed to asses statistical correlation between total testosterone and independent
continuous variables. A multivariable binary logistic regression model was used to identify the
independent factors associated with hypogonadism and P-value <0.05 was used to declare
statistical significance.

Results: The prevalence of hypogonadism was 39 (26.7%) (95% CI: 19.7%-34.7%). Out of this,
34 (87.2%) had primary hypogonadism, whereas 5 (12.8%) had secondary hypogonadism. Total
testosterone was inversely correlated with Body mass index (r = -0.37, p = 0.002), Luteinizing
hormone (r =-0.43, p 0.001), and Follicular stimulating hormone (r =-0.42, p< 0.001). However,
Total testosterone was not significantly correlated with age (r = -0.019, p = 0.81). BMI [AOR=
1.32, 95%CI (1.16-1.51)] and grade-Il disability [AOR= 4.80, 95%CI (1.38-16.57)] were
identified as independent risk factors for hypogonadism.

Conclusion: Nearly one fourth of male leprosy patients had hypogonadism. Overweight and
grade-I1 disability were independent risk factors for hypogonadism. All concerned bodies should
work together on identifying risk factors, early diagnosis and treatment of hypogonadism in male
leprosy patients.

Keywords: Hypogonadism Leprosy Testosterone LH FSH
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1. Introduction
1.1  Background

Hypogonadism is a clinical and biochemical disorder characterized by symptoms and findings
resulting from androgen deficiency caused by insufficient testosterone production due to different
medical disorders or old age (Haydar Guler and Mustafa Aydin, 2019). Testosterone is a crucial
sex hormone for men. It has a variety of biological effects, such as promoting secondary men's
sexual features' development and preservation during puberty, facilitating synthesis of hemoglobin
and formation red blood cells, develop and sustain sexual function, suppressing adipose tissue
formation, stimulating anabolic muscular development, and increasing resting energy expenditure,
has an impact on mood. Androgens are necessary for men's sexual function to be maintained and
developed. The Hypothalamic-pituitary-gonadal (HPG) axis is involved in the regulation of
testosterone production in eugonadal men. Gonadotropin-releasing hormone (GnRH) is produced
by the hypothalamus and acts on the anterior pituitary to produce follicle-stimulating hormone
(FSH) and luteinizing hormone (LH). FSH drives spermatogenesis and Sertoli cell activity, while
LH stimulates the Leydig cells produce testosterone (Dandona and Rosenberg, 2010). Serum
testosterone levels in men fluctuate throughout the day, with the greatest levels in the morning and
the lowest levels in the late afternoon. The variance in testosterone levels in young men is roughly
35%. Early morning total testosterone levels in healthy adult males typically vary from 300 ng/dL
to 1000 ng/dL (Carnegie, 2004).

Centers for Disease Control and Prevention (CDC) defines leprosy (Hansen's Disease, HD) as a
chronic, treatable infectious disease caused by the slow-growing Mycobacterium leprae that
primarily affects the eyes, skin, upper respiratory tract mucosal surfaces and peripheral nerves. It
can affect people of any age, from infants to the elderly (CDC, 2017). Leprosy is a major medical
concern, and its complications include bacterial infiltration, neurological damage, and immune
leprosy reactions (Walker, 2007). M. leprae is often detected in Schwann cells of the peripheral
nervous system by binding to 02-laminin and adhesins in the basal lamina, and a-dystroglycan and
ErbB2 receptors on the cell membrane. This attachment causes cells to differentiate to immature
cells, which allows the bacteria to multiply (Rambukkana, 2010).



Every year, approximately 720,000 new cases of leprosy are diagnosed globally, with over two
million people living with leprosy-related disability. India, Brazil, Myanmar, Madagascar, Nepal,
and Mozambique are the six biggest endemic nations, accounting for 88 percent of all new cases
(Singh et al., 2015). According to EMoH, in 2018-2019, the national program received 3426
leprosy cases, 96.2% of which were newly diagnosed; 68% cases were multibacillary, 15% were
in children under the age of 15, and 14% had grade 2 impairment during diagnosis (EMoH, 2021).
Since the testis can serve as a reservoir for M.leprae, testes involvement in leprosy patients is
common. Testicular shrinkage, bacterial infiltration causes orchitis, which is frequently bilateral
and causes disturbance in endocrine function of testis and result in hypogonadism (Mohta et al.,
2020).

Despite the fact that several researches have reported the incidence and risk factors for
hypogonadism among various chronic illnesses in Ethiopia. However, no research has been done
to assess magnitude of hypogonadism and risk factors among leprosy patients in Ethiopian. So,
the aim of this the aim of this study is to evaluate hypogonadism and risk factors among leprosy

patients.



1.2 Statement of problem

Official data from 139 countries in six WHO regions show that 127,558 new leprosy cases were
found worldwide in 2020. 8,629 of this were children below the age of Fifteen. For children, the
new case reported rate was 4.4 per million (WHO, 2022). Since 2005, there has been an annual
increase in obvious deformity, with a prevalence of disability of 34.8% among new cases in 2015.
(Lietal., 2021). To date, an average of 250,000 new leprosy cases have been reported every year
all over the world (Alemu Belachew and Naafs, 2019). The prevalence of this disease varies greatly
by countries, with developing countries bearing the burden of both new cases and patients on
treatment (Makhakhe, 2021). Physical changes (deformities or disabilities) caused by leprosy
disease and the religious and social connotations attached to them have generated stigmatizing
attitudes and unfavorable beliefs about individuals affected by leprosy disease in many parts of the
world (White and Franco-Paredes, 2015). leprosy patients seek medical care too late and with
complications due to the disease's long incubation period and social stigma. Skin lesions, sensory
and motor nerve damage, blindness, nasal stiffness and septal perforation, renal disease, and
testicular shrinkage that results in hypogonadism are all leprosy-related complications (Lockwood,
2007). Because testes can operate as a reservoir for the lepra bacilli and immune induced testicular
cell death, hypogonadism is common among leprosy patients (Khan et al., 2021). In addition to
chronic non-communicable diseases, infectious and inflammatory disorders like mumps, AIDS,
and lepromatous leprosy are common causes of testicular damage in many tropical countries
(Belchetz et al., 2010).

Male hypogonadism is a clinical disorder characterized by a grouping of symptoms, as well as
gonadal malfunction of either interstitial cells or Sertoli cells, resulting in reduced sperm
production, which frequently occurs combined. Morning total testosterone in a man should be from
300 to 1,000 ng/dl, and hypogonadism is defined when total testosterone less than 300 ng/dL by
the Endocrine Society (Cohen et al., 2019).



Hypogonadism has a significant negative influence on one's quality of life by negatively
influencing a variety of systems. Reduced libido, erectile dysfunction, diminished penile sensation,
difficulties reaching orgasms, escalated irritability, diminished vigor, strength, and vitality,
depression, and impaired concentration are all symptoms of hypogonadism (Haydar Guler and
Mustafa Aydin, 2019). Hypogonadism has become more prevalent in recent years. It is a common
disorder in male population that affects a higher percentage of aged men, obese men, and men with
chronic illness. Hypogonadism affects approximately 35% of men over 45 years old, as well as
30-50% of men with obesity or chronic illness (endocrine society, 2022).

In middle-aged and older males in Europe and United States, hypogonadism was discovered in
2.1% and 38.7% of cases, and twelve new cases are estimated to occur per 1,000 person-years.
Patients with concurrent illnesses such astype 2 diabetes, leprosy, and obesity had
higher prevalence. The burden of hypogonadism in the general population could be very high.
With age and the presence of certain illness conditions, the burden appears to increase (Zarotsky
et al., 2014). Hypogonadism is seen in 10-80 percent of leprosy patients (Rée GH, 1981).
According to a study conducted in India, 72.1% of patients showed testicular atrophy, 39.5% had
low blood testosterone, 20.9% had high serum FSH levels, and 11 25.6% had high LH levels. The
levels of testosterone and FSH, as well as LH, had a strong negative correlation. A substantial
positive association was also found between testicular volume and testosterone levels (Mohta et
al., 2020).

Study conducted in Brazil found that 37.5% leprosy patients had primary hypogonadism and it’s
more common among lepromatous leprosy and above 60 years old leprosy patients (Luis et al.,
2010). A study among 55 leprosy patients in Turkey discovered that 51% had total testosterone
levels below the normal range, Patients with lepromatous leprosy had smaller testicular volumes,
and the period of leprae illness and testicular volumes was inversely correlated (Haydar Guler and
Mustafa Aydin, 2019). Prevalence of hypogonadism among leprotic patients in Egypt was 27.5%

and 52.5% of patients showed depressive disorders (Moussa et al., 2017).

Because of the high magnitude of symptomatic hypogonadism, there is a significant public health
impacts in regards to sexual function and possible infertility. Hypogonadism, which is the most
common among leprosy patients, is not only linked to reproductive function, but also to depression,

anemia, osteoporosis, fractures, frailty, metabolic syndrome and increased risk of cardiovascular
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mortality (Corona et al., 2011). Male sexual drive and performance are significantly reduced when

plasma testosterone levels fall below the normal range (Michael, 1985).

An International Society of Aging Male, European Academy of Andrology and Endocrine Society,
recommended measurement of testosterone in men with chronic illnesses and infectious diseases
like AIDS and leprosy (Wang et al., 2009; Corona et al., 2020). Phosphodiesterase inhibitors, such
as sildenafil citrate, do not normally help these people with low testosterone. As a result, failing to
detect testosterone in these patients wastes a lot of money and extends the time it takes to identify

an alternate treatment for the patients unnecessarily (Kapoor et al., 2007).

Despite the fact that hypogonadism has a detrimental health impact on leprosy patients, open
discussion of sexually related concerns is frowned in Ethiopia. As a result, most patients are
hesitant to discuss sexual issues with their doctor. In spite of the limited resources, health care
providers are not conducting necessary standard questioning or clinical assessments to diagnose
hypogonadism. As a result, hypogonadism is under-recognized and under-treated.

Although some studies have reported the magnitude and predictors of hypogonadism among some
medical disorders in Ethiopia. However, there is no study conducted to assess hypogonadism and
associated factors among leprosy patients in Ethiopia. Therefore, the aim of this research is to

evaluate hypogonadism and risk factors among leprosy patients.



1.3 Rationale and significance of the study

Few researches have been conducted and published focusing on the incidence of hypogonadism
and risk factors among leprosy patients in Sub-Saharan Africa. (John et al., 2007), but as to our
knowledge in Ethiopia there is none Hypogonadism among leprosy patients is neglected public
health issue with limited information on its prevalence and contributing factors. Previous research
in Ethiopia has focused on different leprosy complications. There was a research gap about the
magnitude and contributing factors of hypogonadism in leprosy patients, which is crucial for

providing the best possible follow-up care and treatment.

There was a need for study to identify effective solutions and hopefully to notify clinicians on
effective monitoring of hypogonadism among leprosy patients and to halt it in its earliest stages.
This study going to alert clinicians, policy makers and health planners to give attention to this
problem to designing best and appropriate hypogonadism screening and effective intervention.
This study identified the potential risk factors associated with hypogonadism. Recognizing those
risk may aid in the early detection, prevention, and early management of hypogonadism, which in
turn enhances patients' quality of life. Additionally, the results of this research will serve as the

basis for further study on related areas.



2. Literature review

2.1 Leprosy

Leprosy is a leading contributor of non-traumatic peripheral nerve damage worldwide. It is a
chronic illness that predominantly affects the skin and peripheral nerves, resulting in neuropathy
as well as other long-term effects like disability and deformities. This disease is stigmatized,
particularly when defects are apparent. WHO recommends at least one of the following cardinal
signs must be present to diagnose leprosy: thickened or enlarged peripheral nerve; evident absence
of sensibility in a reddish or hypopigmented patch of skin; A slit-skin smear will reveal
positive acid-fast bacilli (WHO, 2018).

Those who are infected with Mycobacterium leprae experience a wide spectrum of clinical and
pathological symptoms. This diversity has been attributed to individual differences in the capacity

to produce an immune cell response to M. leprae.

According to the Ridley-Jopling classification, an infected individual with an elevated cell-
mediated immunity harbors a low number of bacilli and manifests a one, clearly defined lesion
having central hypoesthesia and hypopigmentation. These lesions' biopsies reveal rare acid-fast
bacilli as well as established epithelioid granulomas; this classified as polar tuberculoid (TT).
Individuals with minimal or no cellular immunity to Mycobacterium leprae have a substantial
number of bacilli, and a biopsy of massive infiltrates or nodular skin lesions shows pictures of
macrophages that are foamy in the dermis, which contain huge number of bacilli and micro-
colonies and are highly contaminated. This form is polar lepromatous (LL). However, most of the
patients are "borderline” between the between the 2 extreme categories. Mid borderline (BB),
borderline lepromatous (BL), and borderline tuberculoid (BT) disease are subdivided into the
"borderline” group, each having a distinctive bacilli load and an inflammatory infiltration
structure. (Scollard, 2018).

In 2017 WHO modified the case classifications for Paucibacillary and Multibacillary leprosy as
“Paucibacillary (PB) case: a case of leprosy with 1 to 5 skin lesions, without demonstrated presence
of bacilli in a skin smear;” and “Multibacillary (MB) case: a case of leprosy with more than five
skin lesions; or with nerve involvement (pure neuritis, or any number of skin lesions and neuritis);

or with the demonstrated presence of bacilli in a slit-skin smear, irrespective of the number of skin



lesions”. The WHO simplified clinical categorization system classifies types BB, BT, and LL as

"multibacillary,” while types TT and BT are categorized as "paucibacillary” (PB)." (WHO, 2018).

There are two types of hypersensitivity reactions: type 1 leprosy reaction and type 2 leprosy
reaction. Type 1 leprosy reactions are thought to be caused by a shift in cell mediated immunity and
only occur in borderline cases (BT, BB, and BL). It causes inflammation of the skin lesions and/or
nerves. Type 2 leprosy reaction occurs only in BL and LL patients and is thought to be caused by
antigen-antibody accumulation in tissues. The most common symptom is erythema nodosum
leprosum (ENL), however it can also cause fever and some organ infection (Bhat and Prakash,
2012)

2.2 Hypogonadism

According to the Endocrine Society, the term " male hypogonadism™ refers to a clinical condition
in which the hypothalamic-pituitary-gonadal (HPG) axis is disturbed at one or more sites
that impair the production of normal quantities of testosterone and spermatozoa by the testes.
Hypogonadism is a general word to describe any condition characterized by low total or free

testosterone levels in the blood (Belchetz et al., 2010).

The brain produces gonadotropin-releasing hormone (GnRH), which causes the anterior pituitary
to produce luteinizing hormone (LH) and follicle-stimulating hormone (FSH). While LH activates
the Leydig cells, leading them to produce testosterone, FSH drives spermatogenesis and Sertoli

cell function (Marques et al., 2022) .

Primary hypogonadism is due to defects of the hypothalamic-pituitary-testicular axis at the testes
level, which leads to low serum testosterone levels, impaired spermatogenesis, and increased
gonadotropin hormone, whereas secondary testicular failure is due to abnormality of the
hypothalamus or pituitary, which leads to low serum testosterone levels, impaired
spermatogenesis, and reduce or reduced to normal gonadotropin levels. Hypogonadism can also
be caused by a combination of abnormalities affecting both the testis and the pituitary gland
(Kumar et al., 2010).



In the bloodstream, testosterone can be found in a number of different forms. In the blood, 40%—
48% of testosterone is bound to albumin and 50-60% of testosterone is bounded to sex hormone
binding globulin and approximately 2% of testosterone circulate as free in circulation. Because
SHBG binds tightly to testosterone, the free and albumin-bound testosterone is primarily available
for biological activity. As a result, bioavailable testosterone refers to both free testosterone (FT)
and albumin-bound testosterones (BT). Hypogonadism is diagnosed when there are specific
symptoms and signs present, as well as a drop in testosterone levels in the blood (Lunenfeld et al.,
2013).

2.3 Pathogenesis of hypogonadism in leprosy

Leprosy first affects the peripheral nerves and skin, then followed by the lymph nodes, eyes,
testicles and bones. The bacilli reach the testicles through skin tissue invasion, blood or the
lymphatic system, and the testes can serve as a reservoir for Mycobacterium leprae. A lower
testicular temperature than internal body temperature may promote M. leprae growth in testicle.
Testicular atrophy is caused by a change in the immune response driven by inflammatory
cytokines, as well as local alterations caused by vascular thickening and fibrosis and also caused
by bacillary infection. These cause low testosterone production among leprosy patients (Gunawan
et al., 2020).

Testicular infection by M. leprae can result in three stages of histopathological alterations that can
induce hypogonadism. First, the thickening and constriction of vessels occurs during the vascular
phase or active leprous orchitis, in which lymphocytes and bacilli infiltrate vessels of various
diameters. Second, collagen deposition during the interstitial phase causes interstitial fibrosis and
Leydig cell clumping. Third, fibrosis develops during the obliterative phase, leading to the
hyalinization and obliteration of seminiferous tubules and Leydig cells. Reduced blood flow during
this phase damages Sertoli and Leydig cells and impairs testosterone secretion (Richard et al.,
2022).

Both interstitial cells and seminiferous tubules are affected by leprosy, resulting in decrease in

testosterone production. Testicular atrophy, characterized by a reduced testosterone production,
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which results in a change in sexual function. Testicular atrophy can be caused by a variety of
circumstances, including severity of testicular involvement, timely treatment, length of time of the

leprosy disease, and erythema nodosum leprosum (Kamel et al., 2014).

2.4 Hypogonadism and leprosy patients

According to study conducted among male leprosy patients in Bandung, Indonesia, 93.75% of
individuals had decreased testicular volume, and serum testosterone was low in 40.62%.
Increased levels of serum  Follicular Stimulating Hormone and Luteinizing Hormone
were observed in 21.88%and28.13% of individuals, respectively, and 18.75% of male leprosy
patients had low testosterone but elevated LH, while 9.38% of men had normal testosterone but
increased LH. There were many clinical manifestations in some of these patients. Libido was
reduced in 21.87%, gynecomastia in 6.25%, and two of the cases had secondary infertility. None

of the individuals had primary infertility and erectile dysfunction (Gunawan et al., 2020).

In a study of 76 male leprosy patients in Uttar Pradesh, India, it revealed that 9.9% showed clinical
hypogonadism symptoms such as gynecomastia, diminished sexual hair, and infertility. Serum
testosterone levels were measured in 31 of the patients, and 25.8% of them had low levels (Mean
4.65+3.37 ng/ml). Hypogonadism was strongly correlated with age, leprosy duration, and

economic status (Aggrawal et al., 2005).

In a study among 43 male leprosy patients conducted in dermatology, venereology, and leprology
outpatient department, India, low testosterone levels were found in 39.5% patients, high serum
FSH levels in 20.9% of patients, high LH levels in 25.6% patients, and a normal hormonal profile
in 48.8% patients. Four patients had normal testosterone with high FSH, three had normal
testosterone and elevated LH level. Total testosterone levels were found to have a significant
negative correlation with both FSH and LH. total testosterone levels and testicular volume and

were found to have a strong positive relationship (r = 0.57, P = 0.001) (Mohta et al., 2020).
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Serum FT was found to be reduced below normal in 37.5% of patients, whereas 18.8% and 6.3%
of male leprosy patients had elevated serum levels of LH and FSH, respectively in a study
conducted in Brazil, among 21 individuals with chronic lepromatous illness. In people over 60,
LH and FSH mean basal levels were significantly greater, while testosterone levels were
significantly lower. The lepromatous dimorphic had significantly higher basal serum Follicular
stimulating hormone (8.24 + 2.56 mlU/ml) and Luteinizing Hormone (6.96 + 4.45 mlU/ml) and. In
tuberculoid leprosy, plasma gonadotropins were within normal limits. The mean plasma FSH level
in lepromatous leprosy was 6.88 + 3.02 mlU/ml, while LH levels were 3.53 + 1.02 mlU/ml.
Dimorphic leprosy had a basal plasma FT level of 10.51 + 5.48 pg/ml, lepromatous leprosy had a
basal plasma FT level of 11.53 + 4.31 pg/ml, and tuberculoid leprosy had a basal plasma FT level
of 16.103 + 6.51 pg/ml (Andrade et al., 2010)

A comparative study conducted among 51 leprosy patients and 55 control group in Turkey
revealed that, Leprosy patients had significantly decreased levels of total testosterone, free
testosterone, and bioactive testosterone, but LH, FSH (p<00001), and SHBG (p< 0039) were
substantially greater in leprosy group, In the leprosy group, 51% had total testosterone levels below
the normal range, compared to 10% in the control group. Leprosy patients' testicular volumes were
reduced than those of control group. In terms of sexual desire (p = 0076), no substantial difference
among groups, but Patients with leprosy showed reduced levels of erection, sexual
satisfaction, orgasm, and overall satisfaction. (p< 0001) (Haydar Guler and Mustafa Aydin, 2019).

According to a study done at the in Nilphamari, Bangladesh, and the Dhaka program of the Leprosy
Mission International-Bangladesh, 16.2% of patients had low testosterone whereas 36.9% had
normal testosterone levels but elevated levels of FSH and/or LH. In multibacillary leprosy affected
individuals, a positive bacillary index, grade-11 disability, and reduced testicular volume viewed

as contributing factors for hypogonadism (Farhana et al., 2019)

A study conducted among 30 male leprosy patients in South Africa revealed that, the mean serum
Luteinizing hormone and Follicular stimulating hormone levels in the lepromatous group were
substantially higher than in the tubercloid (p< 0001) group. The length of leprosy and basal LH

have a strong positive connection (r = 0.4452, P<0.05). There was no link between leprosy duration
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and basal FSH and LH. The lepromatous group's mean basal plasma testosterone level was

significantly reduced compared to tubercloid group (John et al., 1977).

In a study comparing 40 male leprosy patients with 40 healthy men in Egypt, it was discovered
that 25% of the patients had gynecomastia, 2% of them having a history of ENL. 22.5% of who
had a history of ENL had tiny, hard testes. Patients' mean levels of the hormones FSH and LH
were significantly higher than those of controls' mean. Testosterone levels were significantly lower
among leprosy patients than control group. The time length of the disease and the hormonal levels
of FSH and LH were strongly positively correlated. Both the length of the disease and the
physiological level of testosterone and the number of sperm produced were negatively correlated,

with a significant difference between groups. (P < 0.01) (Kamel et al., 2014).
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2.5 Conceptual framework
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Figure 1. Conceptual framework of Hypogonadism.
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3. Objectives

3.1  General objective

To assess hypogonadism and risk factors among male leprosy patients at Alert Comprehensive
Specialized Hospital, Addis Ababa, Ethiopia, 2023

3.2  Specific objectives

v To determine prevalence of hypogonadism among male leprosy patients
v To identify associated factors with hypogonadism among male leprosy patients

v To assess correlation of testosterone and FSH & LH among male leprosy patients
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4. Materials and methods
4.1  Study area

The research was conducted at Alert Comprehensive Specialized Hospital. It was a WHO-
accredited international leprosy training center and Ethiopia's largest tertiary level referral center
for leprosy patients that sits 2,303 meters above sea level. It provides a variety of outpatient and
inpatient services. Outpatient clinics give outpatient service for: leprosy follow-up clinics and
general medical clinics for leprosy patients. Alert Comprehensive Specialized Hospital is located

southwest of Addis Ababa on the way to Jimma.

4.2  Study period
Conducted from June 01, 2022 to June 29, 2023.

4.3 Study design

Cross-sectional study design was used.

4.4 Source population

Source population was all male leprosy patients attending at Alert Comprehensive Specialized

Hospital.

4.5  Study population

Study population was male leprosy patients who come to Alert Comprehensive Specialized

Hospital, leprosy outpatient clinic during period of data collection
4.6  Inclusion and exclusion criteria

4.6.1 Inclusion criteria

Male leprosy patients age of 18- 65 years who have been diagnosed with leprosy were included.

4.6.2 Exclusion criteria
v Patients receiving testosterone replacement therapy.

v Patients who had a history of pelvic chemotherapy, radiation, and mechanical testicular

damage.
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v Patients who had a history of diagnosed chronic illnesses such DM, liver cirrhosis, cancer,
Alcoholic abuse or AIDS were not included. Patients who are unable to speak, mentally

unstable and severely ill during data collection were not included in the study.

4.7  Sample size determination and sampling technique

4.7.1 Sample size determination

A single population proportion formula was used to calculate the sample size by using 16% of
prevalence of hypogonadism among leprosy patients in Bangladesh (Farhana et al., 2019), 95%
confidence interval (Cl), margin of error of 5% and 10% non-response was added to calculated

sample size.

(Z a/2)*+p(1-p)
n=——az

Where

n= determined sample size

Z= cut off value of the normal distribution at 95% CI = 1.96
P= proportion of hypogonadism among leprosy patients= 0.16

d= marginal error= 0.05

(Z a/2)?+p(1-p) (1.96)%%0.16(1—0.16)
n = =
d? (0.05)2

n = 206
Non response rate 10% will be added then
n= 206+20= 226

The source population was less than 10,000(N= 420, which was taken from the last 2months follow

up). Then sample size was corrected by using correction formula.

. n 226
Corrected sample size = == = 146
1+n/N 14226/420
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4.8  Sampling techniques

146 study participants were selected using a convenience sampling technique.

4.9  Study variable

4.9.1 Dependent variable
e Hypogonadism among male leprosy patients

4.9.2 Independent variable
Sociodemographic factor

« Age

» Occupation

» Educational status
» Marital status

* Income/month
Behavioral factors
»  Smoking
« Physical exercise
» Khat chewing
Clinical characteristics factors
« Type of leprosy
» Treatment (MDT) status
« Leprosy reaction
» Duration of disease
« Disability grade
* Drugs

« BMI
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e Other comorbidities
Hypertension
CHF

4.10 Operational definition

ADAM Positive: - “study participants who responded “yes” to questions 1 and 7 or to any other

three questions on ADAM questionnaire” (Morley, 2000).

ADAM Negative: - if study participants did not answer “yes” to both questions 1 and 7 or did
not answer “yes” at least to any other 3 questions on ADAM questionnaire (Morley, 2000)

Low TT: Total testosterone <12.1nmol/L
Normal TT: - Total testosterone greater than 12.1nmol/L (Lunenfeld et al., 2013)

Hypogonadism: Male leprosy patients with ADAM positive and TT<12.1nmol/L (Dandona and
Rosenberg, 2010).

Primary hypogonadism: “hypogonadism with elevated serum FSH (>14 miU/ml), LH (>7.8
mIiU/ml) or both”.

Secondary hypogonadism — “Hypogonadism with either low or normal FSH (<14 mIU/ml), LH
(<7.8 mIU/ml) or both” (Lunenfeld et al., 2013).

Disability Grading in leprosy

Grade 0: - no visible disability (no anesthesia) and no visible deformity on eye hands and feet.
Grade I: - Loss of protective sense in feet and hands but no visible deformity and damage
Grade I1: - Presence of visible damage and deformity to eye, hands and feet (WHO, 2010)
BMI classification

Underweight — participants with BMI < 18.5kg/m2

Normal- participants with BMI of 18.5 — 24.9kg/m2

Overweight- participants with BMI 25 - 29.9 kg/m2.

Obese: participants with BMI > 30 kg/m2 (CDC, 2017)

Regular exercises

Low (less than three days a week & each lasting less than 20 minutes) of fast walking or jogging

Medium- three to five days in a week for 20 to 30 minutes of fast walking or jogging
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High- five to seven days in a week for greater than 20-30 minutes of fast walking or jogging
(CDC, 2017).

4.11 Data collection tools

Data was gathered from both patients charts and the self-report of patients. Data collection was
carried out by interviewers administering questionnaires after briefing the aim of the research and
getting informed consent. Questionnaires written in English, then translated into Amharic, and

then retranslated to English by another person

the Androgen Deficiency in Aging Male (ADAM) questionnaire was used to asses androgen
insufficiency symptoms. The ADAM questioner is the most widely used androgen deficiency
screening tool. It has ten questions that evaluate the severity and kind of low androgen symptoms.
With low testosterone levels, it exhibits low variable specificity but high sensitivity. 5ml of whole
blood samples were taken from the participants by experienced nurses early in the morning, before
11 AM and left for thirty minutes to clot and then Centrifugated at 1500 rpm to separate the serum.
Separated Serum was allocated for the chemistry test. Prior to analysis, the serum samples were
kept at — 20°C in refrigerator at alert hospital. The refrigerated serum samples have been taken to
St. Paul's Hospital's laboratory at the end of sample collection for analysis. Using the fully
automated Cobas 6000 and Cobas e411 analyzers, hormones (LH, TT and FSH) were tested with
Electrochemiluminescence method. Abnormal test results were linked to an internist for further

treatment.

4.12 Data quality assurance

Data quality assurance was employed throughout the whole research process, including the design
of the questionnaire, collecting data, data entry, as well as data analysis. Questionnaire was
objective based, non-leading, and sequenced to preserve the logical flow of ideas (from easy to
difficult and broad to specific). At end of every data collection day, every questionnaire was
evaluated for consistency and completeness. Besides this, the data was cleaned before the

commencement of analysis.

By following the standard operating procedures, quality of blood sample was protected throughout

collection and analysis. The samples were kept in a refrigerator at the proper temperature (-20°C)
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until analysis. The collected samples were transported to St. Paul's Clinical Chemistry Laboratory
by using ice box. Quality controls were undertaken to evaluate the performance of automated

chemistry analyzer.

Post analytical: After ensuring that all test results were appropriate, the results had been printed

and then test results were carefully entered into EpiData version 3.1 for statistical analysis.

4.13 Data processing and analysis

Stata version 14.0 was used to analyze the data after it was exported from EpiData version 3.1.
Means and standard deviations were used to present the descriptive statistics, in contrast
percentage and frequencies were used to display categorical variables. After normality test was
done by Kolmogorov-Smirnov and Shapiro-Wilk test, Statistical correlation between TT and
continuous independent variables was checked by Spearman correlation. logistic regression
analysis was employed to evaluate statistical relation. To determine the existence
of crude association, the bivariate logistic regression analysis was applied. Variables that were
clinically significant and had a P-value of less than 0.25 in the bivariate logistic regression analysis
were chosen to be included in the multivariable logistic regression. The independent variables
contributed to hypogonadism were assessed using a multivariable logistic regression analysis. both
adjusted odd ratios and crude odd ratios with 95% CI were depicted as summary measures and

Statistical significance were considered at a P-value < 0.05.
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4.14 Ethical consideration

ethical approval and clearance were obtained from Ethical Review Committee of Medical
Physiology Department, School of Medicine, College of Health Sciences, Addis Ababa University
and AHRI/Alert Ethics Review Committee. The support letter from Addis Ababa University was
submitted to Alert Comprehensive specialized Hospital to obtain their cooperation. Written All
study participants were told about the study's aim and provided with any extra information they
needed before each responder gave their written informed consent. Personal data collected from
participants were kept confidential. Their name was not written on the questionnaire. The
collected data was coded and become unrecognizable once it was entered into a computer. Consent
and information sheet hard copy forms were placed in a locked cabinet. A blood sample was

labeled with code and was discarded after the laboratory test was done.

4.15 Dissemination of results

This study will be disseminated to the School of Graduate Studies of Addis Ababa University,
Alert Comprehensive Specialized Hospital, AHRI. In addition, it will be presented at workshops

and seminars, the findings will also be published peer reviewed international journals.
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4. Results

4.1 Socio- demographic characteristics of study subjects

Total of 146 of male leprosy patients were included in this study. Participants age ranged from 20
to 65 years with mean age 41 £13.09SD and 40 (27.4%) of study participants' age ranged between
50-65 years. As summarized in the Table 1, the majority of these participants 112 (76.7%) were
married and only 1 was widowed. Majority of respondents, 111 (76.0%) had some formal
education, and 35 (23.9%) had no formal education. Of those with formal education, 72(23.9%)

subjects had primary education, and 39 (26.7%) had secondary and post-secondary education.

Most of the study subjects 41 (28.1%) were government employees and 18 (12.3%) were others
(beggar, no work). As well as 98(67.1%) had income between 1500- 5000 ETB per month and 35
(24.0%) had income less than 1500 ETB per month.

Table 1.Socio-demographic Characteristics of Respondents among Male Leprosy Patients.
(n=146)

Variables Frequency Percentage
Age Categories

20- 34 54 37.0
35-49 52 35.6
50-65 40 27.4
Marital status

Married 112 76.7
Single 29 19.9
Widowed and Divorced 5 3.4
Level of education

No formal education 35 23.9
Primary 72 49.3
Secondary and College 33 22.6
University and above 6 4.2
Occupation

Farmer 38 26.1
Daily laborer 19 13.0
Merchant 26 17.8
Government employee 41 28.1
Others (beggar, no work, NGO 22 15.1
employee)

Income per month

<1500 35 24.0
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1500-4999 98 67.1
5000-10000 11 7.5
>10000 2 14

4.2 Behavioral characteristics of respondents

As indicated in the table below, out of total study participants, 16 (10.9%) had a history of khat
chewing. Out of those who had a history of khat chewing, 11 (7.5%) had chewed khat for greater
than 5 years. Most study participants had never smoked cigarettes, while 5 (3.4%) had a history of

cigarette smoking (Table 2).

Table 2. Behavioral Characteristics of Study Participants among Male Leprosy Patients. (n=146)

Variables Frequency Percentage

Khat chewing history
Yes 16 11.0%
No 130 89.0%

For how long they chewed

<5 years 5 3.4%
> 5 years 11 7.5

Cigarette Smoking history

Yes 5 3.4%
No 141 96.6%

For how long they smoked cigarette

<5 years 2 1.4%
>5 years 3 2.1%

Regular exercise

No 25 17.1%
Yes Low 36 24.7%
Medium 72 49.3%
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High 13 8.9%

4.3 Clinical characteristics of respondents

Out of 146 respondents, 69 (47.3%) were diagnosed less than five years, 49 (33.6%) within the
last five to ten years, and 28 (19.1%) more than ten years ago. The majority of respondents, 142
(97.3%), had multibacillary (MB) leprosy, whereas 4 (2.7%) had paucibacillary (PB) leprosy. 46
(31.5%) of respondents were on treatment (MDT), and 100 (68.5%) were released from treatment
(completed MDT). The majority of study participants, 61 (41.8%), had grade-I disability (figure
2).

Disablity grade of study participants

Grade-0 Grade-1 Grade-2

M percentage percentage2

Figure 2. Disability Grade of Study Participants among Male Leprosy Patients. (n=146).

Majority of study participants, 41(28.1%) had a history of reaction. Out of those with a history of
reaction, 28 (68.3%) had a type-l reaction, whereas 13 (31.7%) had history of an erythema
nodosum leprosum (ENL). Almost all participants who had history of reaction 40(97.6%) were
treated with prednisolone for the reaction. 32 (21.9%) took other drugs (not include MDT and

prednisolone).
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Type of reaction

= Type-l = Type-II

Figure 3.Distribution of Type of Reaction among Study participants who had History of Leprosy
Reaction. (n=41)

Majority of respondents 137 (93.8%) had no diagnosed with chronic non-communicable disease,
whereas 9 (6.2%) had a diagnosed with chronic non communicable disease. Out of those 9, 7

(4.8%) had diagnosed hypertension and they were all taking antihypertensive drugs.

The BMI ranged from 16.5 kg/m2 to 31.6kg/m2, with a mean of 22.0 kg/m2 and a standard
deviation of 3.3 kg/m2. The majority of the participants, 114(78.1%), were in normal BMI range
(18.5-24.9 kg/m2), while 7 (4.8%) were underweight (BMI less than 18.5), 22 (15.1%) were
overweight ( BMI, 25 - 29.9 kg/m2), and only 3 (2.0%) were obese (BMI >30 kg/m2).



4.4 Prevalence of androgen deficiency symptoms

the prevalence of androgen insufficiency symptoms among the study subjects were summarized
in Table 3. The most reported symptom was lack of energy 101 (69.2%) followed by decrease in
strength/endurance 98 (67.1%). Two relatively specific symptoms, erectile dysfunction was

reported by 65 (44.5%) out of 146 patients participated in this study and loss of libido was reported

by 80 (54.8%) of the study participants (Table 3).

Table 3. The Frequency of Androgen Deficiency Symptoms among Male Leprosy Patient Study

Participants (n=146)

s.n  Symptoms Responses

© Yes (%) No (%)
01  Decreased libido 80 (54.8%) 66 (45.2%)
02  Lack of energy 101(69.2%) 45(30.8%)
03  Decrease in strength/endurance 98(67.1%)  48(32.9%)
04  Lost height 6(4.1%) 140(95.9%)
05  Decreased enjoyment of life 67(45.9%)  79(54.1%)
06  Often sad or grumpy 57(39.0%)  89(61.0%)
07  Erectile dysfunction 65(44.5%)  81(55.5%)
08  Recent deterioration in sporting ability 30(20.5%)  116(79.5%)
09  Falling asleep quickly after dinner 27(18.5%)  119(81.5%)
10  Deterioration in work performance 12 (8.2%) 134 (91.8%)
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4.5 Hormone data of study participants

Table 4. Hormone data of study participants among male leprosy patients. (n=146)

Hormones Mean+SD Minimum value Maximum value
TT (hmol/L) 22.6+11.6 4.4 45.1
LH (mIU/ml) 7.76+5.05 1.62 33.6
FSH (mIU/ml) 12.745.65 4.98 36.2

4.6 Prevalence of hypogonadism among study participants

Symptoms of hypogonadism among study participants were evaluated using the ADAM

questionnaire. Based on the classification criteria for responses to the ADAM questionnaire

described in the methodology section, 115 (78.8%) of study participants were ADAM positive,

and the remaining 31 (21.2%) were ADAM negative.

Out of the total 146 study participants, only 39 (26.7%) had a low total testosterone level
(TT<12.Inmol/L) and were positive for ADAM. Only 3 (2.05%) of the ADAM negative
individuals had low TT levels (Table 5). Therefore, only 26.7% (95%CI: 19.7%-34.7%) of study

participants fulfilled the criteria for hypogonadism, as it is currently defined as the existence of

both androgen deficiency symptoms and a low serum testosterone level. Out of the participants

who had hypogonadism, 34 (87.2%) had primary hypogonadism, whereas 5 (12.8%) had

secondary hypogonadism.

Table 5. Frequency of Testosterone Level Group in ADAM Negative and ADAM Positive Study

Participants. (n=146)

ADAM  Questionnaires' Testosterone level

response Low (TT<12.1nmol) Normal (TT>12.1nmol/L)
ADAM Positive(n=115) 39(26.7%) 76(52.05%)

ADAM Negative(n=31) 3(2.05%) 28(19.2%)

27



4.7 Distribution of some clinical and laboratory data

All continuous variables used in this investigation, including BMI, Age, TT, FSH, and LH were
checked for normality distributions. All of these variables failed to have a normal distribution even
after being logarithmically transformed (Table 6, figure 4).

Table 6. Normality Test, Skewedness and Kurtosis of Continuous Variables of Study
Participants. (n=146)

Parameters Normality tests

Kolmogorov ~ Shapiro-Wilk  Skewness Kurtosis

-Smirnov (K- test

S)

p-value p-value
Age of respondents <0.001 <0.001 0.340 -1.012
Log10(age) 0.001 <0.001 -0.100 -1.043
BMI <0.001 0.002 1.691 4.510
Log10(BMI) <0.001 <0.001 1.147 2.252
TT 0.001 0.001 0.241 -1.130
LoglOTT 0.001 0.002 -0.503 -0.785
LH <0.001 <0.001 2.516 8.652
Log10 LH <0.001 0.014 0.356 0.643
FSH <0.001 <0.001 1.505 2.766
Logl0 FSH 0.045 0.034 0.432 -0.102
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4.8 Correlation of independent variables with total testosterone
Spearman’s correlation analysis was employed to assess correlation of TT and continuous

independent variables including age, BMI, LH and FSH. As depicted below TT was inversely
correlated with BMI (r= -0.37, p=0.002), LH (r=-0.43, p<0.001) and FSH (r=-0.42, p< 0.001).
However, TT was not significantly correlated with age (r=-0.019, p=0.81) (figure 5).
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Simple Scatter of Testosterone by LH
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Figure 5. The Relationship between TT and Age, TT and BMI, TT and LH, TT and FSH.
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4.9 Associated factors of hypogonadism among male leprosy patients

Bivariate logistic regression was applied to identify crude association of independent variables
characteristics including age, time of diagnosis, MDT status, disability grade, history of leprosy
reaction, history of other drugs taken, history of chronic non communicable disease, history of
khat chewing, history of cigarette smoking and regular exercise with hypogonadism. According to
Bivariate logistic regression, disability grade, history of leprosy reaction, history of taking other
drugs (not including leprosy drugs) and BMI were significantly associated with hypogonadism at
P<0.25. Those variables that showed significant association with hypogonadism in bivariate
analysis were again analyzed on multivariate logistic regression analysis. In multivariate logistic
regression, disability grade and BMI were factors significantly associated with hypogonadism at
p<0.05 (Table 8).

Participants who had grade-II disability were 4.80 times more likely to have hypogonadism as
compared to those participants who had grade-0 disability [AOR= 4.80, 95%CI (1.38-16.57)]. A
1kg/m2 increase in BMI of participants was 1.32 times more likely to have hypogonadism [AOR=
1.32, 95%Cl (1.16-1.51).

Table 7. Multivariate Logistic Regression Analysis for Selected Factors Associated with
Hypogonadism in Bivariate Logistic Regression among Leprosy Male Patients (n=146).

Variables Categori  Hypogonadism COR (95%CIl)  AOR (95%CI)  p-
es Yes (%)  No (%) value
Disability Grade-0 5(17.9) 23(82.1) 1 1
grade Grade-1  9(14.8) 52(85.2) 0.80(0.24-2.64) 1.12(0.29-4.16) 0.87
Grade-1l  25(43.6) 32(72.4) 3.59(1.2-10.79) 4.8(1.39-16.57) 0.013*
History of No 23(21.7) 82(77.4) 1 1
leprosy Yes 16(39.0) 25(41.0) 2.28(1.05-4.98) 1.85(0.75-4.57) 0.182
reaction
History of No 28(25.4) 86(74.6) 1 1
other drugs g 11(34.4) 21(65.6) 1.61(0.69-3.75 1.49(0.56-3.94) 0.42
taken
BMI 24+41 21425  1.33(1.17-1.50) 1.32(1.15-1.51) 0.001*
(meanxSD)
1= indicate for reference group * zindicate significance at <0.05
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Discussion

Using the serum total testosterone cutoff number and latest criteria for hypogonadism from the
International Society of the Aging Men, this study revealed that prevalence of hypogonadism
among male leprosy patients was 26.7% (n=146, 95%CI: 19.7%-34.7%), which is higher than
study done in Bangladesh 16.2% (Farhana et al., 2019). A number of factors could be reason for
the higher prevalence and difference with the aforementioned study. The first contributor might
be the small sample size in study conducted in Bangladesh compared to our study. Another reason
could be differences in selected study participants, in the study conducted in Bangladesh, time of
onset of symptoms most of participants was less than five years when compared to our study:
because, the higher prevalence of hypogonadism in male leprosy patients has been confirmed to

be significantly contributed by chronic leprosy cases (Aggrawal et al, 2005).

In contrast, the prevalence of hypogonadism in this study was lower than studies conducted in
Brazil 37.5% (Andrade et al., 2010), India 39.5% (Mohta et al., 2020), Indonesia 40.6% (Gunawan
et al., 2019), and Turkey 51% (Haydar Guler and Mustafa Aydin, 2019). This discrepancy might
be due to many factors-: All of these studies didn't use the current definition of hypogonadism
stated by ISSAM, which includes sex hormone level and symptoms of hypogonadism together,
and in some studies, the cut-off point for low testosterone was not stated. One factor contributing
to the difference in prevalence between this study and previous studies could be the age of the
study participants. In a study conducted in Brazil, 47% of study participants age ranged from 60
to 75 years (mean: 48.43+18.65 SD), and in a study conducted in Turkey, (mean age: 58+10.5
years, which is higher compared to this study (mean age: 40+£13.05SD). Advanced age was a

contributing factor in the decrease of the testosterone level (Stanworth RD, 2008).

Another reason for the higher prevalence in previous studies could be the cut-off point for low
total testosterone. In a study conducted in India 39.5% (Mohta et al., 2020), the cut-off point for
low testosterone was 6ng/ml, which is higher than the cut-off point used in this study. The reason
for the higher prevalence of hypogonadism in the study conducted in Turkey could be the duration
of disease of participants included in the study. Only male leprosy patients diagnosed 5 years prior

to the time of the study were included, and the avarage duration of disease was 36+11.68 years
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because, chronic leprosy cases were important contributors to the higher prevalence of

hypogonadism in leprosy patients (Aggrawal et al., 2005).

The prevalence of hypogonadism obtained in this study was nearly in line with the prevalence of
hypogonadism obtained from studies conducted in India, 25.8% (Aggrawal et al., 2005), and
Bangladesh, 30.0% ( Mashfiqul et al., 2017).

In this study, it is found that BMI, LH and FSH were negatively correlated with total testosterone.
This finding was partly in apparent agreement with studies in India (Farhana et al., 2019, Mohta
et al., 2020), Bangladesh (Farhana et al., 2019), Indonesia (Gunawan et al., 2019). Significant
negative correlation between TT and LH, and TT and FSH could be due to M. lepraea testicular
infiltration and change in the immune response driven by inflammatory cytokines, as well as local
alterations caused by vascular thickening and fibrosis of testicular tissue. This has an impact on
the Leydig cells as well as the seminiferous tubules (Kamel et al., 2014). An increase in LH and a
decrease in testosterone have a definite causal connection, since testosterone controls the release
of LH through negative feedback, so Between testosterone and LH, there was a significant
negative connection. FSH and testosterone also correlated negatively, despite the fact that
testosterone does not control FSH secretion, this could indicate that Sertoli cell destruction and

Leydig cell damage happen simultaneously.

This study found that, grade-I1 disability and BMI remained significantly associated risk factors
of hypogonadism. Excess adipose tissue in overweight and obesity causes an increase in aromatase
enzyme activity, which converts testosterone to estradiol (E2). Estrogens reduce the amount of
testosterone produced overall by inhibiting the release of GnRH from the hypothalamus, as well
as LH and FSH from the pituitary, through a negative feedback mechanism (Liu, Y., and Ding, Z.,
2017).

The secretion of leptin and pro-inflammatory cytokines is also increased with increased visceral
fat. Pro-inflammatory cytokines cause Leydig cell destruction, directly impair LH function, and
decrease GnRH release from the hypothalamus, which decreases testosterone levels. Leptin has

receptors in the hypothalamus and Leydig cells that suppress the secretion of GnRH from the

35



hypothalamus and testosterone secretion in Leydig cells (Mushannen et al., 2019). These could be
clear evidence for the reason why this study identified an increase in BMI as a risk factor for

hypogonadism.

Even though it did not reach a level of statistical significance, history of reaction (p = 0.095) was
also observed to be in higher frequency among those with hypogonadism in this study. A possible
explanation for this could be that participants on MDT for leprosy were included in this study.
Because of reaction can happen both before and after RFT but more commonly after RFT (Kou-
Huang et al., 2022), importance of reaction as risk factor of hypogonadism may be reduced by
their inclusion. An increased disability grade was associated with a higher bacillary load and
leprosy reaction (de Paula et al., 2019). When there is a higher bacillary load, bacillary testicular
infection increases since M. lepraea prefers low temperatures in testicles and causes testicular
tissue damage. Leprosy reaction was also associated with grade-11 disability that could contribute
to testicular damage through deposition of the immune complex in testicles or direct attack of the
testes by pro-inflammatory cytokines (Richard et al., 2022). This could be possible evidence for
the reason why this study identified a grade-I1 disability as a risk factor for hypogonadism. Thus,
clinical conditions like grade-11 disability and overweight may help in the early detection of

hypogonadism in male leprosy patients.

36



Conclusion

Nearly one fourth of male leprosy patients had hypogonadism and primary hypogonadism
occurred in approximately four fifth of who had hypogonadism, whereas, hypogonadotropic

hypogonadism occurred in one fifth of them.
BMI, LH and FSH were negatively correlated with total testosterone.

This study demonstrated that grade-Il disability and overweight were independent associated

factors for hypogonadism.
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Recommendation
Based on this study's finding, we recommend that:
v Hypogonadism occurs nearly in one fourth of male leprosy patients. So, it needs special
attention from clinicians, health policy makers and health planners.
v The measurement of serum testosterone levels in male leprosy patients with grade-11
disability, and overweight might help in the early detection of hypogonadism.
v This study may need to be repeated with more specific tests, such as measurements of free
testosterone SHBG and inhibib-B, due to the high frequency of hypogonadism symptoms
but low incidence of low testosterone.

v Further, it is also important to do interventional and long-term studies to assess how
effectively testosterone replacement therapy works for hypogonadal male leprosy patients.
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Strength and limitation of the study

Strengths of the study

This study did not merely rely on testosterone level to assess hypogonadism as most of studies

in the world did. It comprised both testosterone level and androgen insufficiency symptoms.
Selection bias was reduced because subsequent patients who fulfilled the criteria were chosen..

The study is first of its type in Ethiopia.
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Limitations of the study

Because of financial constraints, further laboratory tests such as lipid profiles, liver function

tests, blood sugar levels, and others were not performed.

the gold standard test, FT and SHBG, which compute free testosterone or bioavailable
testosterone, cannot be measured because these tests are expensive and not available in our

practice.

Since cross-sectional study design was used, this make difficult to infer causal connections

between dependent variable and independent variables
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Annexes
Annex-1 Participant information sheet- English version

Greeting

You are invited to participate in a study to be conducted by MSc student Nafyad Tolossa at Addis
Ababa University, College of Health Sciences and Department of Medical Physiology. Before you
decide, it is important that you understand why the research is being done, what it would involve,
and other information. Please read the following statements and ask any unclear points before you

agree to participate.

Introduction: The study's topic is "Assessment of hypogonadism and its associated risk factors
among men leprosy patients alert hospital,” and it aimed to assess the sex hormone status of leprosy
patients, which is significant to recommend policymakers and health planners to appropriately
design effective and accessible services in monitoring sexual related compliance of leprosy
patients.

Objectives; objective of this study is to assess prevalence of hypogonadism and associated factors
in leprosy patients.

The reason why you are selected: this study intended to involve 146 male leprosy patients. You
are invited as one of them.

Procedures to be carried out: If you agree to participate, you will be asked some general
questions about yourself and specific questions on the risk factors and associated factors. The
questionnaire has four parts and interview will last approximately 15 20 minutes. 5ml(tea
spoonful) of blood sample will be collected under a complete aseptic technique, which will help
us to determine, which will be used to determine serum TT, LH, FSH. Your will also let us measure
weight and height.

Your responsibility in this study: As a participant in this study, you will be expected to give a
5ml (tea spoonful) blood sample, which will be used to determine serum TT, LH, and FSH. You
will also be expected to let us measure your weight and height. You are also expected to respond
to questions included in the questioner, which will be used as relevant data for this particular
research.

Confidentiality: Personal information you are going to give during the data collection will be
confidential. Your name will not be written in the questionnaire and | will ask you in a separate
room for your privacy. Once the collected data is entered into a computer, it will be coded and
become unidentifiable. Information on the computer will be password protected. Hard copy
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(paper) documents such as consent and information sheet forms will be kept in a secured locked
cabinet. A blood sample will be labeled with code and will be discarded after the laboratory test
is done. The data will be analyzed and presented as general, and no personally identifiable
information will be shared in any publication or presentation.

Expected benefit from study: The result of study will be used to recommend policy makers and
health planners to appropriately design effective and accessible services in monitoring of sexual
related compliant of leprosy patient and providing appropriate service sexual problem for patients

Compensation for participation: you will not get direct payment. But, you will get laboratory
test result of total testosterone, luteinizing hormone and follicle stimulating hormone which are
costly for free. If the test result is not in the normal range, | will link you with an internist for
further treatment.

Risks and discomforts: There are no procedures in this study that could harm you. During
drawing of blood sample you will feel temporary discomfort or bleeding from the needle stick.

Right to participate or not: Participation in the study is completely voluntary, and there are no
penalties or loss of benefits to which you are entitled if you choose not to participate. You have
the full right to accept or refuse participation in this study at any time.

Study Result Dissemination: The general findings of this study will be disseminated to Addis
Ababa University, ALERT hospital and will be published in international journals

Research funding: this research is partially funded by Addis Ababa University.
Conflict of interest: no conflict of interest

Who has reviewed the study: This study has been reviewed and approved by AHRI/Alert
ethical review committee to protect participants’ right and interests. Any person with concerns or
complaints about the conduct of this study should contact them with:

Email: ahri.alerterc@ahri.gov.et

Phone: +251118342742

Person to contact: If you have any question about the study, you can contact the principal
investigator

Nafyad Tolossa, Phone No: 0993378168, Emal: nafytol430@gmail.com.

Addis Ababa University, School of Medicine, Medical Physiology department
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Annex-2 Written consent form (English version)

According to the above information given to me regarding the introduction, objective of the study,

the reason why | selected, procedures to be carried out, my responsibility in this study,
confidentiality, expected benefit from study, compensation for participation, risks and discomforts,
right to participate or not, study result dissemination, | agree to give 5ml blood sample and to be
interviewed for all the questions that the interviewer asks me and | approve with my signature. If
the participant is unable to sign please ask her/him to put inked thumb prints on the consent form.

Name of participant Signature of participant
Date

Signature of the witness date:

Name of investigator: signature of investigator
Date

May | have your permission to proceed to the interview?
1. YeS.nn, (If yes, start the interview)

720 \\ [ P (Thank you, stop here)
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Annex-3 English Version Questionnaire

Part one: Socio-demographic characteristics

Number Question Response
101 Age year
102 Marital status 1. Married
2. Single
3. Widowed
4. Divorced
103 Educational level 1. llliterate
2. Primary and junior
3. Secondary and College
4. University and above
104 Occupation 1. Farmer
2. Daily Laborer
3. Merchant
4. Government employee
5. NGO employee
6. Other(s)
105 Income 1. <1500
2. 1500- 5000
3. 5000- 10000
4. >10000
Part two: leprosy and other health related characteristics
201 When was the diagnoses made? 1. <5year
2. 5-10year
3. >10
202 Type of leprosy(from chart) 1. Paucibacilliary
2. Multibacilliary
203 Disability grade( from chart)
204 Type of reaction (from chart)
205 Do you take any drugs other than for 1.
leprosy?(from chart) 2.
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206 Do you have chronic non communicable 1. Yes
diseases (from chart)? 2. No
207 If yes to Q208 select from the following list | 1. Hypertension

2. Congestive Heart Failure
/IHD

Part three: Behavioral characteristics

Number | Question Response
301 Do you chew khat? 1. Yes
2. No
302 If yes to Q 301, for how long did you chew
Khat?
303 Do you smoke a cigarette? 1. Yes
2. No
304 If yes to Q305, how many cigarettes do you
smoke daily (in pcs)?
305 Do you exercise regularly? 1. Yes
2. No
306 If yes to Q307, how often 1. Low (< 3 days per week &
each lasting < 20 minutes)
2. Medium (3-5 days per week,
each lasting 20 -30 minutes)
3. High (5-7 days per week, each

lasting > 20-30 minutes)

Part four: English version of Androgen Deficiency in the Aging Male (ADAM) questionnaire

about symptoms of low testosterone Patients Card number

yes No
401 Do you have a decrease in libido (sex drive)?
402 Do you have a lack of energy?
403 Do you have a decrease in strength and/or endurance?
404 Have you lost height?
405 Have you noticed a decreased "enjoyment of life"
406 Are you sad and/or grumpy?
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407 Are your erections less strong?
408 Have you noticed a recent deterioration in your ability to play
sports?
409 Are you falling asleep after dinner?
410 Has there been a recent deterioration in your work Performance
PAOMLP

K06 PHAFe avlB PR (PAIILE PE)
aAgP

NAL.A ANO RzaCAE AVNRPTE (MG 4270 DAS NUhIPS LILEAE, FIVCT hEA CU-ATS 896 916 S&28: Hhed
(91.LLCI1D~ TGF AL Wit tg FINHPA: hav®ATP N4+ TGk AP ATLTLLLAT 9°F W20t AG AT
avl B P Ty avl 8P AALAL 10+ AdPATe 9999 tP 14+ AOD® PoLivETT avlABPT P AG AR SAU-
10T eme s

ave(L0: PTGk CON “CEATOECT PCIPT 9710 2C P91.00H PO .S ToCT AT+ P17 NANCT PATHA
(@7 079 LB YavgotGF AL, avpgPg>” PaYAD- (LIPT 070 LB (O HTY P27 PCI°T U-F AaP19P19° PAGP (LUPY
T AORPT AT S APe ADPT 079 LB hovdP T NRFP ITFIE OC (FPPH TeeT AL hiTA
AT @ M,F 9T AG TN AINCETT NATION: 272184 AGPIPNC TPI° AL LM-AA:

PPQE GATY:- PHY TG PT GA9T PEAROECT PCIPT 9710 OC PULEPH POAAN MG TaCTE WG+ #4277 10
LB Yyav-a7y AL, TIPQt M-

etavZPhit P2 U 79T 146 @78 070 LB NPT AT A0 10+ Ntk A28 A% TINHPA=

PILNGOF LEAT: AoPa-te NFOTIaD: AALOP AT91e AMPAL TEEPT AG ALY PRSP AG +POT PN 1eeT AL
AR TEEPT LM aomEd heed heoeT Lo (LT PA aPm@k (119°F 15 20 LEPPT LBLA= 5 TLA. (A28 £4L
TIE LTLPY) PRI GavG (1HIRA YV HE LANANA f LUIP PRI Gav-G (1RI°P D-AT PUUTT DT HAROFCT ICANA
Atav kel PGP E PSRN, TP PCIPT AarAtrt PPI° AL Lm-AA. NAPeRL.LAT° NNLTUT AG RIPTUT ArANAT:

QHY TF @0 PAPT PALYT:- (1LY T @A W78 FAF4T 5 TLA(AZE AL TT7LEL RTLUPT) PLI° Gav-G W80
LmNPNPFA: LUI° GUIP PRI Gav-G (189°P @-AT LLTTO-7 BAFNTCT IRANA AOTav At PCIPT & A tTLHT T
PCP? ArOAT emPTIN: AU hLFPT AT v TPT W1&TAND 2OPNLFA. NeemPe O-0T Attt
TEEPTI® JPAT AT%.0m LONPNPFAT LUI° AHY 1AL TPCI°C A28 ANLATL a0l TI° AR LM-AM=

TATERYT: (10°0E AOAAN OPT PPPTAM-T P0 0Pl “LOTEE SUTA= APV (19PMm@E DNT ALAGI® AT
AARTFY OFA? hEA OO Am@PYAU-= K78 PTANAND- aPL8 DIPTe+HC @ N0 (1BA Nhe: Rbav S 070 J0P
LUGA= NDIPTHTC AR PA 9028 (QAG PO SmNPA: P/CE DT (OLPT) Q1T AT AT G PavlE Olbt
P2F LUTTE MFMOP AL NLE OAT RParMez: PRI° GavG AL PPANT LLLNT A hG PANCF4 JPCae- 241
03BN LMAQ. LB D HPHF WL AMPAL LPCANT AT TPI9° AL 1T 0914 aPAP a0 B (17175 M-9° Ytavt ORIP kil
AL W DEIo:

hrSF LU LnOPD- PPIP: OTGE Tyt AN ADRPT hG MG AP AOMPT 00 LB havd*+FTT nat P
ITEPE OC L AT AL A A9124° hG AFNTLPT ALD7 ANt ATIPLAN O-MF9T AG L0
ATNCETT AT 279184 AgedPnC TPI° AL LM-AA:
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ATATE Thhg: ¢1d hGP APTFI®: T1C U7 18 @2 Pk NL9P M-AT PILTTD-7 emPAA EOFOTCT i€AhA
ALrkav0tel PCIPT 1 AFSRHT PCIPT PANCG-PE IPCaPe- MMyt £15 (v PIPCave- @Myt (HFAGPLD- hAd @-0T
nArT AlAm vh9°s hAPHCLOT 2C A1STP I Av-=

ALOPT AG PPFT: (Y TG @-OT ACOPT A5 PTLT0 P90 ARTT LEAT 0AgPx PRI° Gav-G NT.ALNT LH,
LHLER varI° RATIP I\

Paoitq: DRI PATRATE aolt: (176 M- aPA+G av-: 100 (L. PLTIT AR HaP(lt 10<F KG AAaPAHe:
hovlme- 9o99° K@ 1t POVRTF @RIP PPa] PPIOF TIMF PGP (HY TGT O-OT aPAT&T (19775 D9° LH, Parb(li
@Lg° Lavnhhd avfe ao-(1F AAP

PGt @M ACT:- PHLY TG AMPAL THRF AAGA ANO RLACAET AAACT POTHA LALFN AT NANT® APe:
Beonet o o

PIPCIPC TIHA: LU TGF (& PTLALID- (A0 AN RLACAA 1D
PPPI® APt PPPI© spt QAT

PGEY P1avan®- 1= LY T PHAFLPT T a1 F AG PPI° AeenP NANCT PATFA A19°90C 19°299, hai -t
Fef 80P (Y TST 1ot AL AT MLI° Pos PAD- TTITD-I° AD- A L1.0°14-F @+ 2104 :-

AA: ahrialerterc@ahri.gov.et

Oéh:

PIOF 10D AD:- A TG TPW° K1 TOE Nt PT@<T 9014 971710 RFAN=
G&LL FMeat AAh € TC: 09933781687 A1\ nafytol430@gmail.com

A0 ANO LLACAt, 2hh9°S FIPUCT (LF, £hDIPT LIS, T/heh

AN8-2 PRU-G GPL PX (PhTUE PE)

AL NPA PMEP ALe1.M AATSE AMPAL VAN f 0TGE GA9T: Lavlphe(t PPN 701 aPn%e NANTFD- LA
(LY PG @AT PATY 2ALTEE TLATERTFE PP L PTLnNP@- PRI AHATE haF AALIS ATIC P91.8CTH
U3 3PT7 T Pavatq 0RYP PAGPATE a1t AG PTG @Mt AT NTaPANt (FAMT avlE aow it 5 A,
PLI° GavG AaPAMT AG PA-PMEP AL ATLMLHT TELPT -k PA aPM@P AT1LLA HNTIPOF AU hGT°
N&CTT A& CBhAU: FAFLD- avg L9° NAFA hQhET (AP €Cav- AL AA PAT° PANLE AD-¢- NVt vFaFT
A79.220 L@ kits

rAFL@- (9° erard &CM +7

P9°/he A9° A &CTY 7
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PaCTY LM JP:- LavCT1SM- 4G 7
DL P aoMPLE AaPPmA &FLEPT T ATFAAUT?
1. AZ........... (AP a1 PA ook LI
2. AL (ATPO1GAU~ ALY h9P)
AN6-3 PATICT PATOMPLP
heAA7L: LOAP-AI-chHNOVEET
ePC | TP oA
101 e N e — Qavi
102 eONF v . 210
2. PA10
3. 09t orAf
4. ¢t4¢r
103 eTIPUC TLLE 1. POt
2. QavBavs@ C0F
3. U 48 AG has
4. ®i0CAL AS hil? 0AL
104 0é . 106
2. 7 (T
3. 19%
4. LI ACTT
5. NGO (1§
6. 6. MANT
105 LOC 1L 1. <1500
2. 500- 5000
3. 5000- 10000
4. >10000
NEA v-AT:002 LB AG ANT GG HPPH QUsPT
201 0L NS A8ANY oo FoP? 1. < 5 0av
2.>5 Qavo-t
202 e70LR AL (W Imdir) 1. Paucibacilliary
2.  Multibacilliary
203 PANA 14T 25 (hwwImli)
204 P49ha7 92T (i)
205 h 22088 (i vt @ A OALM. 1.
Pa. P (I lH) 2.
206 2°C P0LL TAAL PAUT N AANPT? 1. AP
2. AL
207 A TP 208 PANL AP P L. HA®< HCHE @O 1. P9° 94t
LI°lm- 2. AN &hage
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heA Oavt: QUEPP &CLF

ePC | TP IOAT

301 Bt RPTIN? 1. AP
2. AS

302 A TPE 301 2PANL AP O AI°7 LU L Bt Pav<?

303 (L2 FenANU? 1. K?
2. AL

304 A TP 305 aPAAL AP nP1 (9P ArF ALDE- LA

(0&TC)?

305 AHO-14U PANA NPT ATPOP0 FLCIAV? 1. K®
2. AP

306 | A TP% 307 PAAL AP U1 0007 T IHD-? 1. HeHE (NP7t h3 $9F 03T 0P
KO TSTF@ N20 LEPPT OFT P91.80)
2. @hnAS (NAF°7H 3-5 P9 APHATETO- hi20-
30 LLPPT 1. $0)
3. W& +8 (A7 5-7 9T AL TF@- h20-30
LEPPTF NAL P71

h&h hAd-t: ADAM aoMe. T

Ttk PeEPT h? hSLAJ°
401 LADTCD. OOA FAVTEP PHN?

402 | SADFTCD. PAPI® 9710 FOIC 1L IA?

403 TGP T ORI XGTP AL avpih ArF@APA ?

404 | koo FP h0dk TAN?

405 | LAOTCD MWLOFP LOT LAYPT 33 AlFAAPA?

406 | QUH7? AS M Q%% (0-FL0091, LATIPIA?

407 | NATP (14 PTG £TOAPH?

408 | LO@-rF WrPALPA 071LL TP LITAPARA U-BT PFET ANTRAPA?

409 | hadt MR @LLD- WIPAT KTPAGF LT A?

410 PADTCD NG hARTPP AL PITABABA V23 AOTDAPHN?

Checklist to record BMI

No Variables Value Remark
1 Body weight
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N

Height

BMI

Checklist to record laboratory findings

No Laboratory findings Value Remark
1 TT

2 LH

3 FSH
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