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Abstract

Background: Global estimate of world health organization (WHO) indicated that 422 million
adults aged over 18 years were living with diabetes in 2016. Type 2 diabetes Mellitus (T2DM)
accounts for 90 to 95% of the incidence of diabetes. The increased prevalence of T2DM has
resulted in increased prevalence of hypogonadism which is proved to be linked to it by many
researchers. This in turn creates a substantial public health burden in terms of inadequate sexual
function, potential infertility and poor quality of life. However, hypogonadism is under
recognized and under treated in sub-Saharan African countries including Ethiopia. Therefore, the
finding of this research regarding prevalence and risk factors of hypogonadism will alert
clinicians and health policy makers to give attention to this problem and initiate the need for
further research and appropriate intervention.

Objectives To assess hypogonadism and its associated risk factors in men with T2DM attending
Diabetic Clinic at TASTH, Addis Ababa, Ethiopia.

Method: A cross-sectional study was conducted among 115 male patients with T2DM from
February to April 2017 at Diabetic Clinic of TASTH in Addis Ababa, Ethiopia. Demographic
data were collected using a structured questionnaire. Clinical data were obtained from medical
records. Anthropometric indices were determined. Clinical assessment of androgen deficiency
was done using ADAM questionnaire. TT, LH, and FSH were determined by ECLIA method
with Cobas e 411Elecsys® 2010 analyzer. HDL-C, LDL-C, TC and TRIG were determined by
enzymatic colorimetric method with Cobas 6000 module 501whereas FBG was determined by
glucose oxidase method wikhindray-200E.

Results Among the total 115 male study participants with T2DM, 104 (90.4%) had androgen
deficiency symptoms but only 29(25.2%) had testosterone deficiencklfTInmol/L].
However, hypogonadism was observed in 27(23.5%) of which 20(74.1%) and 7(25.9%) were
with secondary (HH) and primary hypogonadism, respectively. Age, duration of diabetes,
monthly income, alcohol consumption, and diabetic complications were not statistically
associated with TT level except hypertension. BMI, WC, FBG, TRIG were negatively and
significantly correlated with TT with (r=-0.363, p<0.001) ;(-0.465, p<0.001); (rho=-0.328,
p=0.001) ;( rho=-0.357, p<0.001), respectively whereas HDL-C was positively and significantly
correlated with TT with (r=0.339, p<0.001). However, SBP, DBP, TC, LDL-C, LH and FSH
were not significantly correlated with TT. BMI, WC, FBG, TRIG are significantly increased in
hypogonadal group but HDL-C was significantly decreased in hypogonadal group with p value
<0.05. WC and FBG were identified as independent risk factors for hypogonadism.

Conclusion: Though symptoms of hypogonadism are highly prevalent among men with T2DM
in this tertiary care, testosterone deficiency were less prevalent. Visceral obesity and
hyperglycemia are independent risk factors for hypogonadism.

Keywords: T2DM, low serum testosterone, hypogonadism, prevalence, risk factors
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Low TT- TT<12.1nmol/l

Normal TT-TT>12.1nmol
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1. Introduction

1.1Background

Hypogonadism was defined solely on the basis of testosterone levels, but recently it is
defined as clinical condition consisting of both symptoms and biochemical signs of
testosterone deficiency [1]. Testosterone is the main androgen hormone which has several
biological roles which include stimulating the development of male secondary sexual
characteristics during puberty and their maintenance thereafter, promoting haemoglobin
synthesis and red blood cell production; helping the maintenance and development of sexual
function in men; stimulating anabolic muscular development and bone growth; suppressing
adipose tissue formation, stimulating the basal metabolic rate which has effects on mood and

cognitive ability and mediating sexual behavior and competitive encounters [2].

In eugonadal men testosterone production is regulated by the hypothalamic—pituitary—
testicular (HPG) axisfigure 1]. The hypothalamus secretes gonadotropin-releasing hormone
(GnRH) that stimulates the anterior pituitary gland to produce follicle stimulating hormone
(FSH) and luteinizing hormone (LH). LH acts on the interstitial Leydig cells of the testes,
stimulating them to produce testosterone, whereas FSH stimulates spermatogenesis and
Sertoli cell function. The HPG axis is regulated by a negative feedback mechanism.
Testosterone inhibits the frequency and amplitude of GnRH release from the hypothalamus
and also the secretion of LH from the pituitary. The Sertoli cells of the testes, in addition to
stimulating spermatogenesis, also secrete the glycoprotein hormone inhibin, which provides
negative feedback to the pituitary, inhibiting the secretion of FSH [3].
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Anterior pituitary <~ (-
FSH LH
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1 L 1
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i v i
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Figure 1: The hypothalamic—pituitary—gonadal axis in men [Obtained flandona P et al,2010]
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Testosterone exists in different forms in blood circulation. Only 1-2% of testosterone
circulates free in the blood; the remaining 98-99% is bound to albumin (40-50%) and to sex
hormone binding globulin (SHBG) (50—-60%). Testosterone binds strongly to SHBG, and it is
therefore largely the free and albumin-bound testosterone that is available for biological
action. For this reason, free testosterone (FT) and albumin-bound testosterones together are

termed bioavailable testosterone (BT) [4].

The association between low serum testosterone and type 2 Diabetes Mellitus (T2DM) has
recently drawn substantial attention [5]. In men with T2DM about 25-40% has low
testosterone concentrations in association with inappropriately low or normal LH and FSH
concentrations and diagnosis of hypogonadotrophic hypogonadism (HH) can be established.
However, about 4% of men with T2DM have subnormal testosterone concentrations with
elevated LH and FSH concentrations, which can be associated with primary testis
dysfunctions [6].

The exact mechanisms underlying the occurrence of hypogonadism in men with T2DM
remain unclear yet. However, there are suggested pathophysiological mechanisms as depicted
in (figure 2).The first possible mechanism is that an excessive increase in fat mass may result
in an increase in the activity of aromatase enzyme, which causes greater conversion of
testosterone into estradiol. This estradiol directly feeds back and inhibits the HPG axis
through kisspeptin [7]. Second, increase in adipocytokines due to obesity, including the pro-
inflammatory cytokines such as tumor necrosis faeto(TNF-a), interleukin-B, and
interleukin-6 inhibit the secretion of testosterone, both at the hypothalamic—pituitary and the
testicular level [8]. Third, leptin usually stimulates the release of GnRH; however, in obesity,
where excess leptin is produced from adipocytes, the hypothalamic—pituitary axis becomes
resistant to leptin [9]. In addition, leptin inhibits the stimulatory action of gonadotropin on the
Leydig cells of testes, thereby further decreasing testosterone production [10]. Fourth, it is
becoming increasingly evident that the action of insulin and responsiveness to insulin in the
brain are necessary for the adequate function of the hypothalamo-hypophyseal axis
(hypothalamus, pituitary gland, testes). Thus, insensitivity to insulin at the hypothalamic level
may contribute to the development of HH. Insensitivity to insulin is also associated with an
increased concentration of inflammatory proteins in the blood. These proteins may also

directly suppress the release of GnRH from the hypothalamus [11].
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Adipokines causes vascular endothelial dysfunction, which are potential causative factors for
increased cardiovascular disease and erectile dysfunction(ED). The low testosterone level in
men with T2DM is then associated with diminished libido, ED, increased fat mass, decreased
muscle mass, decreased bone mass and energy, depression, and anemia [5]. There is also a
growing evidence that hypogonadism is a risk factor for coronary artery disease, the leading
cause of mortality in patients with T2DM [12]. Other adverse effects reportedly associated
with hypogonadism include poor quality of life, increased fracture risk; cognitive decline, and
mortality [13]. Additionally, total testosterone (TT) level can predict development of the

hypertension, dyslipidemia and hyperglycemia in middle-aged men with T2DM [14].

A study identified several risk factors correlate of T2DM associated closely with
hypogonadism such as age, visceral obesity, hyperglycemia, dyslipidemia, and hypertension
in male patients with T2DM [15]. Another study also showed that hypertension,
anthropometric indices (BMI and WC), advanced age, current smoking, and general health
status are considered as the risk factors of hypogonadism Thétefore, T2DM and

hypogonadism have bidirectional relationship.



1.2 Statement of the problem

In 2015, globally 415 million adults had diabetes. This number is expected to exceed 642
million by 2040. By 2040 this will rise to 642 million. In Africa more than 14 million people

had diabetes. This figure will reach 34 million by 2040. Africa has the highest percentage
(66.7%) of undiagnosed people, who are at higher risk of developing harmful and costly
complications. Diabetes caused 321,000 deaths in 2015.0Over 1.33 million estimated cases of
diabetes in Ethiopia with prevalence estimate of 2.9% in which 23,145 diabetes-related
deaths were also reported in 2015 [17]. T2DM accounts for 90 to 95% of the incidence of
diabetes [18].

A review by Dandona P etal in 2009 summarized that there is high prevalence of
hypogonadism in men with T2DM worldwide [19]. A Southern California population-based
cohort of 985 men aged 40-79 years published in 1990, indicated that 110 men with diabetes
had significantly lower mean levels of endogenous plasma testosterone than did 875 non
diabetic men [20]. In 2004, a cross-sectional study conducted in Newyork had also revealed
association between T2DM and lower TT levels [21]. Hackett G in his review 2010
summarized there is significant association between testosterone and T2DM [22].
Additionally, a cross sectional study in New york on young T2DM patients also revealed that
significantly lower plasma concentrations of TT and FT and inappropriately low LH and FSH

concentrations with a very high prevalence of HH among men with T2DM [23].

High prevalence of symptomatic hypogonadism creates a substantial public health burden in
terms of inadequate sexual function and potential infertility. The problem of HH which is the
most prevalent in T2DM patients is not confined only to sexual and reproductive function but
also associated with visceral obesity, hyperglycemia, dyslipidemia, hypertension,

cardiovascular disease, and ED [19].

Improving sexual health is a portal to identify health hazards and improving men’s health.

Appropriate diagnosis and medical work up of men presenting with sexual symptoms may
have the benefit of the diagnosing and treating other important conditions, such as obesity,
diabetes, hypertension and hyperlipidaemia. However sexual health problems including

hypogonadism are under treated [24].



An Endocrine Society task force in 2010 recognized the link between hypogonadism and
T2DM and recommended physicians to consider measuring testosterone in all men with
T2DM [1]. An International society of Aging Male also recommended measurement of
testosterone in men with T2 DM in 2015 [4]. The paradox is that testosterone levels are not
routinely measured according to this recommendation, meaning that physicians do not put
themselves in a position to detect hypogonadism and make appropriate clinical decisions
[22]. Additionally, sexual dysfunction associated with hypogonadism in men with T2DM is
often undiagnosed and under-discussed unless the healthcare provider specifically asks the
patient about possible symptoms. Because this is a conversation that many patients make
personal and feel uncomfortable about initiating it due to taboo or stigma [26]. Another
realistic explanation is that the target-based management of T2DM is already created a
workload for clinicians and that routine questioning about ED and other symptoms of
hypogonadism and associated testosterone estimation will lead to considerable additional
workload, without resources or remuneration [22].Moreover, in a resource limited country
like Ethiopia it is difficult to implement routine measurement of testosterone for all T2DM

patients.

In spite of the limited resource, it can be considered at least for symptomatic hypogonadal
men with T2DM after screening them with appropriate standard questioner or clinical
assessment to identify patients who can benefit from testosterone replacement therapy.
Particularly, testosterone level of T2DM patients presented with ED should be checked. This
is because, these patients with low testosterone do not usually respond to treatment of
phosphodiestrase inhibitors like sildenafil citrate. Therefore, failure to measure testosterone
in these patients results in considerable waste of resources and extend the time to find
alternative treatment for the patients unnecessarily [22,25].

Additionally hypogonadism and its associated risk factors are largely under studied in sub-
Saharan Africa despite the continent having a high burden of T2DM. Ethiopia is no
exception. Therefore assessing prevalence of hypogonadism and which risk factors correlate

of T2DM is associated with it is crucial in Ethiopian context.



1.3. Significance of the study

Few studies in Sub-Saharan Africa have been done and published regarding prevalence of
hypogonadism and its associated risk factors among men with T2DM, but as to our
knowledge none in Ethiopia. The data generated from this research showed the prevalence of
symptomatic hypogonadism and its associated risk factors in men with T2DM attending
Diabetic Clinic of TASTH. Therefore, determining prevalence and risk factors of
hypogonadism will alert clinicians and health policy makers to give attention to this problem
and initiate the need for further research, appropriate intervention and its inclusion as part of

routine diagnosis in symptomatic men with T2DM.

Testosterone is not measured routinely in this Hospital in spite of Endocrine society guideline
suggesting that it should be always be measured in men with T2DM specially those who
present with symptoms. Measuring TT among T2DM patient with symptoms of
hypogonadism especially ED is important to identify patients who can benefit from
testosterone replacement therapy. Additionally, it was established that men with ED who fail
to respond to phosphodiesterase type 5 inhibitors are more likely to have low serum
testosterone and therapeutic potential of phosphodiestrase inhibitors will only become
manifested in eugonadal men with ED. As a result, provision of this treatment before
determining testosterone level of the patients is a waste of resources. Therefore, the finding
will also help to indicate the need for routine measurement of TT, LH and FSH in
symptomatic hypogonadal male with T2DM specially for those with ED .

This study identified major risk factors for hypogonadism related to T2DM. Identifying those
risk factors may help in prevention, early diagnosis, and early treatment of hypogonadism.
Because studies showed that some of the risk factors for hypogonadism related to T2DM like
hypertension, dyslipidemia, BMI and WC are modifiable to decrease the rate of development
of hypogonadism and its symptoms. Furthermore, the finding of this study will also be the

basis for future research among this population with large sample size.



2. Literature review

2.1. Association of low serum testosterone and type 2 diabetes Mellitus

According to WHO global estimation, 422 million adults aged over 18 years were living with
diabetes in 2016 [27]. T2DM accounts for 90 to 95% of the incidence of diabetes and is
associated with a strong genetic predisposition as well as age, obesity and lack of physical
activity [19]. In 2006, a systematic review and meta-analysis by Ding EL and his coworkers
confirmed that men with type 2 DM have significantly lower levels of testosterone than non-
diabetic controls [28]. As summarized in a review made by Dandona P and colleagues in
2011, the most common hypogonadism in men with type 2 DM is secondary hypogonadism
or HH [5].

The link between hypogonadism and T2DM was also shown in a case control study
conducted by Verma S etal in 2013 in India and a cross-sectional study conducted in Nigeria
in 2011 by Ogbera OA , respectively [ 29,30]. In 2006, a cross sectional by Corona G etal
identified that the mean total testosterone levels and free testosterone levels were
significantly lower in T2DM patients than in the rest of the sample and this difference was
retained statistically significant after adjustment for age [31]. Chandel A etal conducted a
similar study in 2008 among 38 Type 1 Diabetes Mellitus (T1DM) and 24 T2DM young
patients aged ranged 18-35 years in Western New york, concluded that T2DM patients had
significantly lower plasma concentrations of TT and FT. This group of patients had also
inappropriately low LH and FSH concentrations with a very high prevalence of HH, when

compared with type 1 diabetic patients of a comparable age [23].

Farrell JBA and colleagues in their meta-analysis of 26 studies published in 2008
summarized that there is a link between low levels of testosterone and an adverse metabolic
profile (ie, obesity and insulin resistance). In the analysis they indicated that hypogonadism is
associated with metabolic syndrome and T2DM in men in all the studies [32].A review by
Wang C et al which was published in 2011 noted that low TT or SHBG levels are associated

with T2DM, independent of age, race, obesity, and criteria for diagnosis of diabetes [33].



Goto A etal and his team selected 300 diabetic cases and 300 non diabetic controls from Saku
cohort conducted between 2009-2010 in Japan and conducted a cross sectional study. The
study showed that FT had strong positive correlation with TT and a strong inverse correlation
with SHBG in both men and women [34].

Another similar study by Rabijewski M etal published in the same year in a 184 T2DM and
149 non diabetic control men in Poland showed that TT and cfT concentrations in all T2DM
group were statistically significantly lower than in non-diabetic control group with the same
average age [35]. Almihya NF et al conducted a similar study in Egypt which aimed to
assess the link between T2DM and the increased incidence of hypogonadism in men with
T2DM, indicated that the patient group showed a significant decrease in serum TT and FT in

comparison with the control group in 2015[11] .

Cross sectional studies also showed that there is a significant positive correlation of low TT
with FSH and LH in men with T2DM. A similar study of 103 T2DM patients which was
conducted in Newyork by Dhindsa S and colleagues identified that FSH and LH levels were
significantly lower in the hypogonadal group compared with patients with normal FT and TT
levels [11, 21].

2.2. Association of low serum testosterone with age, obesity, hypertension
and dyslipidemia

It is well established that age has significant effect on both TT and FT levels, with the levels
decreasing with advancing age. In Baltimore Longitudinal study on aging, TT levels dropped

to hypogonadal levels in about 20% of men older than 60 years, 30% over the age of 70
years, and 50% in men above 80 years of age. This is due to decrease in testicular response to
gonadotropins [36]. A cross sectional study conducted in England by Kapoor D et al in 2007
also showed negative correlation between age and both TT and FT levels [25]. However, age

did not show correlation with TT in a study conducted in New York [21].

Dandona PM and Rosenberg TA in their review published in 2010 summarized that low
serum testosterone is also associated with obesity. Obesity in turn, strongly associated with

T2DM: approximately 83% of T2DM are overweight or obese [2]. There is an inverse linear



relationship between TT and BMI, the indicator of obesity [15, 21, 23 25, 29, 31] and there is
also inverse relationship between TT and WC, an indicator of visceral obesity [15, 25, 29].

In a cross sectional study conducted in Italy by Crona G etal showed that men with T2DM
showed lower HDL and higher triglyceride when compared to the rest of the sample. These
differences were confirmed after adjustment for age and/or BMI [31].However, a study
conducted in Poland to assess risk factors of hypogonadism reported that there were no
correlations between TT and HDL-C or TT and TRIG [15].

2.3. Prevalence hypogonadism among men with type 2 diabetes

A cross-sectional study of 1,292 men by Brand et al reported that men with T2DM had not
only lower testosterone but also lower levels of SHBG when compared with non-diabetic
men [37]. In a similar study of 1246 Italian men in 2008 by Farrell JB etal , 24.5% men with
T2DM versus 12.6% prevalence of hypogonadism in the rest of the sample with TT cutoff
value less than 10.4nmol/L. This differences in the prevalence of hypogonadism retained
significance after adjustment for age and BMI [32]. Another similar study conducted in
Isfahan, Iran by Mirzaei MR and colleagues on 247 men with T2DM reported 18(7.4%)
prevalence of overt hypogonadism and 24 men (9.9%) with borderline hypogonadism in 2011
[38]. In 2014, Hayek AA et in similar study in Jordan among 1717 men (1089 participants
with type 2 diabetes and 628 non-diabetic subjects) reported that the prevalence of
hypogonadism among all study participants was 18.5%. The prevalence of hypogonadism in
diabetic and non-diabetic men was 24.3% and 8.3%, respectively. In response to (ADAM)
guestionnaire, 19.8% of diabetics and 3% of the non-diabetics had symptomatic androgen
deficiency [39].

In 2016, Ugwu TE. et al conducted cross-sectional survey of T2DM males aged 32—-69 years
in Nigeria indicated that overt and possible hypogonadism occurred in 29.5% and 23% of the
participants, respectively. Majority (76.3%) of the subjects who had overt hypogonadism had
the HH pattern [40]. A similar study of 50 diabetics of 30-76 years age group in Ajimir ,

India, by Khan | and colleague, determined a prevalence of 30% of overt hypogonadism



(TT <8 nmol/l) and 28% prevalence of borderline hypogonadism( 8-12 nmol/l) in men with
T2DM [41].

Asare-Anane H et al conducted a case control study in Ghana involving a total of 105 T2DM
male and 105 healthy controls between 30 and 60 years .The researchers reported that
incidence of hypogonadism was five times more in the diabetic subjects than non-diabetic
controls. A total of 37 (35.2%) of the diabetic men and 7 (6.7%) of the control subjects were
hypogonadal. Also, 21 (20%) and 10 (9.5%) had testosterone levels between borderline group

for the diabetic men and non-diabetic men respectively [42].

In 2015, Kempa T and Reader P in their publication of an observational cross sectional study
of 150 consecutive male patients aged 50 years and older in South Africa, the testosterone
deficiency symptoms was found in 94.7% the participants. However, some 50% of the men
had low total testosterone levels [43]. Another cross sectional study conducted in 300
Sudanese men with T2DM and 100 controls without T2DM by Mohieldin JM et al and
indicated 234(78%) 234 men with T2DM with TT cutoff value of less than10.4 nmol/L,. In
the control group only 10(10%) were hypogonadal [44].
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3. Objectives of the study

3.1. General objective
To assess hypogonadism and its associated risk factors in men with T2DM attending diabetic

clinic of Tikur Ambessa Specialized Teaching Hospital in Addis Ababa, Ethiopia.

3.2. Specific objectives

» To determine the prevalence of hypogonadism using total testosterone and clinical
symptoms among men with T2DM.

» To evaluate the test characteristics of ADAM questioner in identifying male patients
with T2DM having low total testosterone.

» To determine the association between demographic, clinical and biochemical
parameters with serum total testosterone

» To determine which demographic, clinical, and biochemical variables significantly
differ between hypogonadal and Eugonadal group.

» To identify potential risks factors associated to primary and secondary hypogonadism

among men with T2DM.

4. Hypothesis

v' The prevalence of hypogonadism in male T2DM patients attending follow up
treatment at TASTH is higher than those reported in the literature.
v" There is no significant difference in and biochemical variables between hypogonadal

and Eugonadal group of T2DM patieattending follow up treatment at TASTH.
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5. Material and methods

5.1. Study area

Tikur Anbesa specialized hospital is located in the capital Addis Ababa, Ethiopia. It is
Ethiopia’s largest specialized public tertiary referral Hospital and one of University Hospitals
in the country where patients from all over the country get referral service. The Hospital
provides a tertiary level referral treatment and is open for 24 hours for emergency services. It
offers diagnosis and treatment for approximately 370,000- 400,000 patients a year. There are
different units and clinics that provide specialized service for clients. Among these clinics the
diabetes clinic where we selected our study participants was inaugurated in1994 by Lion’s

club. The clinic is serving diabetic patients coming from different regions of the country [45].

5.2. Study design and period

A cross-sectional study was conducted from February to April, 2017.

5.3. Population

5.3.1.Source population
All male type 2 diabetes out-patients on follow up treatment in diabetes Clinic of TASTH,
Addis Ababa Ethiopia.

5.3.2.Study population
All male type 2 diabetes out-patients who have treatment follow up appointment during data
collection period at Diabetic Clinic of TASTH, Addis Ababa Ethiopia.

5.4. Inclusion and exclusion criteria

5.4.1. Inclusion criteria

* Male patients diagnosed and confirmed to be with type 2 diabetes and attended
treatment follow up for at least one year were included in the study

» Patients whose age was above 35 years were included.

» Patients who were capable of independent communication and giving informed

consent were considered to be the participants of the study
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5.4.2. Exclusion criteria
» Patients on testosterone replacement therapy
» Patients who are taking glucocorticoids

« Patients with known history of chronic diseases like liver cirrhosis, cancer, and AIDS

were excluded

5.5. Study variables

5.5.1. Dependent variables
Hypogonadism

5.5.2. Independent variables
+ Age
» Duration of diabetes
* Anthropometric indices :Waist circumference and body mass index (WC, BMI)
» Diabetic complications: retinopathy, neuropathy and nephropathy
» History of hypertension
» History of smoking
* Alcohol consumption
e Serum LH level
* Serum FSH level
» Fasting blood glucose concentration
e Serum lipids :HDL-C,TRIG, LDL-C and TC

13



5.6. Measurement and data collection procedure

5.6.1. Sample size determination

The actual sample size for the study was determined using the formula for single population
proportion by assuming 5% marginal error (d), 95% confidence interv@l@5). The value

of p taken was 7.4% from previous study conducted in Iran in 2012 on hypogonadism in
diabetic men [38]. Based on the above information the total initial sample size was calculated

by using the following formula.

n  =(Za/r)2 pq
(s

Where; = required initial sample size

Z,» =critical value for normal distribution at 95% confidence interval which equals to 1.96 (Z
value at alpha=0.05).

P= the prevalence of hypogonadism in Iran using TT in T2DM patients = 7.4%

g= Proportion of Sudanese type 2 diabetic population not having hypogonadism=92.6%

d= marginal error =0.05
n = (1.96¥ (0 .074 x 0.926) /[(0.05) =105

Taking 10% contingency a total sample size was calculated to be 121.

5.6.2. Sampling method
Convenient sampling method was used to select 121 study participants

5.6.3. Demographic and clinical data collection procedure

Their demographic characteristics, smoking habits, alcohol consumption, and history of
hypertension were collected using a structured questioniiefer(Annex Ill). Duration of
diabetes, presence of retinopathy, neuropathy, nephropathy, hypertension and current
medication were collected from the medical records by using checlRisfer(Annex 1V).
Anthropometric characteristics of study participants: height and weight. BMI was calculated
as weight (kg) divided by height squaredf\mWC was measured at a point midway between

the inferior border of the costal margin and the iliac crest inanilary line to the nearest
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0.5 cm. Collection of these medical records and clinical measurements were done by

professional nurse to minimize bias [46].

BMI of less than 18.5kg/frwas considered underweight, BMI between 25 and 29/nkg
was considered overweight, whereas an adult who has a BMI of 38°ky higher was
considered obese. Central obesity was assessed by WC and subjects wifld \&t& were

regarded as obese, according to the international guidébine

Clinical assessment of androgen deficiency symptoms earried out using the androgen
deficiency in aging male (ADAM) questionnaire (Refer Annex IIl part )l ADAM
questioner is the most widely accepted screening questionnaire which consists of 10
questions that evaluate the kind and severity of low testosterone symptoms. It has variable
low specificity but it has reasonable sensitivity in the presence of low testosterone levels. A
study participant was considered ADAM positive if he answered “yes” to questions 1 and 7
or to any other 3 questions or ADAM negative if he did not [47]. The questioner was

translated into Amharic to make it easily to understand being assisted by a physician.

Hypogonadism was defined the presence of symptoms of testosterone deficiency and a
subnormal testosterone level less than 12.1nmol/L [4]. Subjects who had hypogonadism with
either low or normal FSH<14 miU/ml), LH 7.8 mlU/ml) or both were diagnosed as
hypogonadotrophic hypogonadism (secondary hypogonadism) while those with
hypogonadism and elevated serum FSH (>14 mlU/ml), LH (>7.8 mlU/ml) or both were

diagnosed as having primary hypogonadism [1].

Hypercholesterolemia was referred to a total cholesterol 280 mg/dl. HDL was
considered low when the level was <40 mg/dl. LDL was considered high when the level was
>100 mg/dl. Hypertriglyceridemia was considered high when TG level»4&6 mg/dl.
Dyslipidemia was considered present when one or more of the previous abnormalities were
found in serum lipids [46].

5.6.4. Blood sample collection, processing and laboratory analysis

Overnight fasting whole blood sample was collected from study participants using serum
separator tube (BDY), before 10 am in the morning and allowed to clot for 30 minute and
serum was separated by centrifugation at 1500 rpm. Serum samples were aliquated for

biochemical test and immunoass&efer Annex V) .The serum samples were stored at -
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20°C until analysis in Medical Laboratory of TASTH. After completion of sample collection
the stored serum samples were transported to Ethiopian public Health clinical chemistry

referral laboratory for analysis.

Hormones (TT, FSH and LH) were analyzed with fully automated Analyzer called Elecsys®
2010 analyzer, cobas e 411 with ECLIA method .To measure TT competitive immunoassay
principle with analyte liberation was applidddfer Annex V-section B. To measure both

LH and FSH sandwich immunoassay principle was uBadlef Annex V section C and D

respectively).

Lipid profiles (LDH-C, TG, HDL-C and TC) were also analyzed in this laboratory with
Cobas 6000 501 module .Enzymatic method was used to determine the level of each lipid in
the serum sample&gfer Annex V section F (i-iv). Serum glucose was determined by the
glucose oxidase metho&éfer Annex V section B with Mindray-200E, a fully automated
analyzer at TASH. Glucose results were accessed on the same day of sample collection

laboratory request of results using patients’ Hospital card number with permission.

5.7. Data quality assurance

Pre-analytical: Blood sample quality was ensured during collection and processing by
following the standard operating procedures. Samples were stored in appropriate refrigerator
temperature (-2tC) until analysis in TASH laboratory. Samples with incomplete information

were rejected.

An ice box was used when they were transported to Ethiopian public health clinical

chemistry Referral laboratory.

Analytical: the performance of automated clinical chemistry analyzers was checked by

running quality controls.

Post analytical: results were printed out after checking appropriateness of all the test results
and the data were carefully entered into Microsoft Excel worksheet and saved for statistical

analysis.
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5.8. Data processing, presentation and analysis

Data which were obtained from medical records, using questioners and findings from
laboratory analysis were entered into Microsoft Excel and exported to SPSS version 20 for
analysis. Before data analysis was carried out all continuous variables were assessed whether
they are normality distributed or not visually using histogram. Data were also explored and
tested by Kolmogorov-Smirnov (K-S) and Shapiro-Wilk test of normality>0f.@5, the data

were considered as normally distributed.

Descriptive statistics were used to summarize Qualitative variables were reported with
number and percentages. Graphs, tables and charts were used to present results. All
parametric values were expressed as the mean = SD whereas for non-parametric values
median was reported with interquartile range. Chi-squéetést was also used to compare
gualitative variables.Pearson’s and Spearman’s correlation for parametric and non-
parametric data were used to establish correlations respectively. Mann Whitney U test was
used for comparing nonparametric data, and independent sateptewas used to compare
parametric dataOne way Analysis of Variance (ANOVA) was used to compare parametric
data and Kruskal -Wallis test was used to compare non parametric data with multiple
categories. Multiple linear regressions to identify potential predictors of hypogonadism and
multiple logistic regressions were used to identify independent risk factors for hypogonadism.

P value < 0.05 was considered statistically significant

5.9. Ethical considerations

Ethical clearance was obtained from the Departmental Research and Ethics Review
Committee of the Department of Medical Laboratory Sciences Allied School of Medical
Laboratory Sciences College of Health Sciences of Addis Ababa University on January 1,
2017. After summiting this ethical clearance and support letter to the Department of Internal
Medicine of Addis Ababa University College of health sciences, the departmental further
evaluated the proposal of this research and allowed the start of the research by a letter written
on March 1, 2017 to Endocrinology Unit. Written consent was obtained from each study
subjects before collection of blood samples and other relevant clinical information. Security

and confidentiality of detail clinical and laboratory finding data were kept carefully.
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6. Results of the study

6.1. Socio-demographic and some clinical characteristics of study
participants

A total of 121 male T2DM patients were recruited in this study .However, questioner or
clinical information of five of them were incomplete. 116 serum samples of the participants
were analyzed .However, TT of one study participant were below the detection limit and this
was excluded from statistical analysis. Thus, only 115 of them were included in statistical

analysis and results are presented as follows.

As summarized intéble 1), of 115 patients participated in our study, 44(38.3%) were in the
age group of 60-69. Though not indicated in this table, the minimum and the maximum age
was 40 and 80 year respectively. The median age was 60 years Wittar@i597.5
interquartile range (IQR) of 40-78.20 years.

Majority of these participants 111(96.5%) were married. 3(2.6%) of them were divorced and
only 1(0.1%) was widowed. When they were categorized into their education level
55(47.8%), 36 (31.3%), and 15(13.0%) completed university or college education, secondary

school, and elementary school respectively. But 9(7.8%) of them were uneducated.

Of 115 study participants, 42(36.5%) were retired. 28(24.5%) were government employees
whereas, 8(7%) were NGO employees. were government empléi@esver, 10(8.7%) of

them were unemployed. Of the remaining 25 (21.7%) subjects, 22(19.1%) were owner of
private business and 5(4.3%) were farmers, respectively. With regards to their average
approximate monthly income, 69(60%) were earning less than 2000 EBr. The rest 46(40%)

were earning 2000 EBr and above.

18



Table 1: Socio-demographic characteristics of male with T2DM attending treatment at Diabetic
clinic of TASTH from February to March 2017 (n=115)

Variables Categories Frequency | Percent
Age (Years) 40-49 18 15.7
50-59 31 27.0
60-69 44 38.3
>69 22 19.1
Marital status Married 111 96.5
Divorced 3 2.6
Widowed 1 0.9
Level of Education College/University 55 47.8
Elementary school 15 13.0
Secondary school 36 31.3
Uneducated 9 7.8
Employment status Government employee 28 24.3
NGO employee 8 7.0
Private business 22 19.1
Retired 42 36.5
Farmer 5 4.3
Unemployed 10 8.7
Monthly income( EBr) <2000 69 60.0
>2000 46 40.0

As indicated intable 2), of all 115 study participants only 5(4.3%) were current smokers of
cigarettes whereas 26(22.6%) were past smokers. However, 84(73%) of them reported that
they were never smoked. They were also asked about their history of alcohol consumption
and accordingly, 47(40.9%) reported that they were drinking alcohol currently. But,
29(25.2%) reported that they stopped drinking alcohol and the rest 39(33.9%) were reported
that they never drunk.

Majority of the participants 72(62.7%) were with hypertension and all of them were taking
antihypertensive drugs and 91(79%) were with dyslipidemia. With regards to prevalence of
diabetic complication among them, 17(14.8%), 26(22.6%) and 22(19.1%) were with
retinopathy, neuropathy and nephropathy respectively. Their diabetic medications were also

accessed from their medical records and summarized: 64(55.7%) were on oral hypoglycemic

19



agents, 28(24.3%) were on insulin and oral hypoglycemic agents. The rest 23(20.0%) were

on insulin therapy alone.

The diabetes duration of the majority of men with T2DM patrticipated in this study was less

than 15 years. The median duration of was 7 with a range of 1-30 years.

Table 2 : Clinical characteristics of male with T2DM attending treatment at Diabetic clinic of
TASTH from February to March 2017. (n=115)

Variables Categories Frequency Percent
Smoking history Current 5 4.3
Past 26 22.6
Never 84 73.0
Alcohol consumption Current 47 40.9
Past 29 25.2
Never 39 33.9
Hypertension and Yes 72 62.6
antihypertensive drugs No 43 37.4
Retinopathy Yes 17 14.8
No 98 85.2
Neuropathy Yes 26 22.6
No 89 77.4
Nephropathy Yes 22 19.1
No 93 80.9
Oral hypoglycemic drugs 64 55.7
Insulin therapy alone 28 24.3
DM treatment modality Insulin and oral hypoglycemic | 24 20.0
drugs
Duration of DM <5 42 36.5
5-15 37 32.2
11-15 18 15.7
>15 18 15.0
Dyslipidemia Yes 91 79
No 24 20.9

20




6.2. Distribution of clinical and laboratory data

Normality distributions of all continuous variables considered in our study specifically, age,
WC, BMI, SBP, DBP, TT, LH, FSH, FBS, HDL-C, LDL-C, TC and TRIG were checked.
Among these variables age, SBP, DBP, FBS and TRIG were failed to be normally distributed
even after they were logarithmically transformed. However, BMI, WC, TT, HDL-C, and
LDL-C were found to be approximately normally distributed without being transformed into
log 10 whereas TC, LH and FSH became normally distributed after they were logarithmically
transformed .Only normality test result of approximately normally distributed parameters are
depicted infable 3).(Refer figure 3 and 4 for normality distribution )

Table 3: Results of test of normality, skewedness and kurtosis of some clinical and laboratory
data of study participants.

Tests of Normality
No | Parameters Kolmogorov Shapiro-Wilk
-Smirnov® (K-S) Skewedness Kurtosis
P value P value
1 TT(nmol/L) 0.200 0.052 0.250 -0.613
2 LDLC-C(mg/dl) 0.200 0.209 0.270 0.465
3 HDL-C(mg/dl) 0.200 0.264 0.125 0.408
4 WC (cm) 0.035 0.228 0.102 -0.322
5 BMI(kg/nr) 0.179 0.195 0.382 0.107
6 TC 0.072 .044 0.418 -0.368
7 Log 10(TC) 0.200 0.489 -0.177 -0.202
8 LH .000 .000 1.183 1.112
8 Logio(LH) 0.200 0.294 0.244 -0.362
9 FSH .000 .000 1.69 2.99
10 | Logo(FSH) 0.200 0.514 0.217 -0.062
*, This is a lower bound of the true significance.
a. Lilliefors Significance Correction
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6.3. Quality control data of hormones and lipids

Before analysis of serum samples at Ethiopian Public health Clinical Chemistry Referral
laboratory, daily quality control was done on the date of analysis of the serum samples.
Results are presentedtable 4. Levey Jenning’s Chart of quality control of days before our
sample analysis was checked .All values were in acceptable ranges.

Table 4 Summary of Daily Quality Control result of lipid profile of Cobas 6000 ¢501 module and
Cobas e411 on 22/04/2017 at EPHI Clinical chemistry Referral Laboratory.

No | Quality Controls Control results
TC(mg/dl) | HDL(mg/dl) LDL(mg/dI) TRIG(mg/dlI)

Lipids

1 | Normalcontrol 94.1 31.6 57.8 122.8
(PCC1)

2 | Pathologic control | 167.9 60 98.1 200.3
(PCC2)
Hormones TT(ml/ml) | LH(mMIU//ml)  |[FSH(mMIU/mI)

1 | Ul(Universal -1) | 5.73 10.19 15.10

2 | U2(Universal -1) 2.43 49.02 44.13

6.4. Clinical and biochemical characteristics of study participants

Table5 shows study participants ‘quantitative clinical and biochemical variables at baseline.

The mean was reported for data that were normally distributed, with the standard deviation
(SD). A median was reported for data with a skewed distribution, with an interquartile range

(IQR) from the 2.8 and 97.8 percentile.

6.4.1. Clinical data of study participants

As demonstrated itable 5,the maximum and minimum BMI of the study participants was
18.70 kg/niand 34.4 kg/m respectively with mean of 25.30 kdfrand standard deviation of
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3.26 kg/nf.When we categorized the participants according to their BMI, just over half of the
participants 59 (51.3%) were fallen into the category of normal BMI (18.24.9-24.%)kg/m
46(40%) of them were overweight (BMI between 25-29.9 Kp/amd only 10(8%) were
obese (BM#30kg/nf). However, when they were classified according to their WC,
approximately two third of them (73.9%) had visceral obesity ¥84Ccm). Only one third

of them had normal waist circumference (WC<94 cm).

Though we could not take two measurements of blood pressure to calculate the average ,a
single measurements made by professional nurses and physicians during the study period for
diagnosis purpose was taken properly .Based on these measurements, the median SBP was
130 mmHg with inter quartile range of the 2.and 97.5 percentile between 100 mmHg-
180mmHg and the median DBP was 80mmHg with inter quartile range of thari®7.8

percentile was between 60mmHg-100mmHg.Though the DBP of the majority 90 (78.3%)
was in the normal range, the SBP of 68 (59.1%) of them were above the normal range.

Therefore, blood pressure was not well controlled among the participants.

6.4.2. Laboratory data of study participants

Hormones

As demonstrated intgble 5), the mean TT was 19.15 nmol/L with SD of 6.99nmol/L. Its
maximum and minimum values were 6.97 nmol/L and 37.13 nmol/L, respectively. Similarly,
the mean of LH was 7.56 mlU/ml with SD of 3.30 mIU/L. The minimum and maximum
values of LH were 2.71 mlU/ml and 18.7 mlU/L, respectively. The median value of LH was
7.07mIU/L with 95 % (CI 6.95-8.17). The 3'&nd 97.8 percentile distribution of LH was
found to be 3.37 mlU/ml and 16.01mIU/ml, respectively before log transformation. After
logarithmically normalized and the 2.5th and 97.5th percentile values were taken, and their

antilog was found to be 3.39 and 15.85 mIU/ml, respectively.

The mean FSH was 7.67 mlU/ml with SD of 4.94 mIU/L. The minimum and maximum
values of FSH were 1.39 mlU/ml and 26.25mIU/ml, respectively. The median was 6.31
mIU/L with (95% CI: 6.76-8.59). The 2"sand 97.8 percentile distribution of LH was found

to be 2.19 mlU/ml and 23.62 mlU/ml respectively before log transformation. After
logarithmically normalized and the 2.5th and 97.5th percentile values were taken, and their
antilog was found to be 2.19 and 23.44 miU/ml .
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Table 5: Baseline Clinical and biochemical characteristics of male with T2DM attending
treatment at Diabetic clinic of TASTH from February to March, 2017 (n=115)

Variables Categories | N (%) Mean £SD | Range Median (IQR)
BMI (Kg/m®) | 18.5-24.9 59(51.3) 25.30+3.260 18.70-34.84
[Normal]
25-29.9 46(40.0)
[Overweight]
>30 [Obese] | 10(8.7)
WC(cm) <94[Normal | 30(26.1) | 98.56+£8.70 80-118
>94 [Obese]| 85(73.9)
SBP (mmHg) | <130 47(40.9) 100-190 130(100-180)
>130 68(59.1)
DBP (mmHg) | <85 90(78.3) 60-110 80(60-100)
>85 25(21.7)
TT (nmol/L) <12.1 29(25.2) 19.15+6.99 6.97-37.13
>12.1 86(74.8)
LH (mIU/ml) | >7.8 43(37.4) | 7.5€£3.3C | 2.71-18.7 | 7.0%(3.37% 16.0))
<7.€ 72(62.6
FSH (mlU/ml) | <14 102(88.7) | 7.68+4.94 1.39-26.25
>14 13(11.3)
FBS (mg/dl) 82-313 168(82.9-307.2)
TC (mg/dl <200 98(85.2) 72.2-253.2 | 148(84.1-244.8)
>200 17(14.8)
TRIG (mg/dl) | <150 64(55.7) 59.4-776.4 | 142 (71.1-656.7)
>150 51(44.3)
LDH-C <100 70(60.9) | 90.53+32.4| 28.5-170.6
( mg/dl) >100 45(39.1) |6
HDL-C <40 83(72.2) | 35.5+£10.4 13.3-71
(mg/d) >40 32(27.8)

Serum lipids and glucose

Serum lipids and glucose of men with T2DM who participated in this study was determined
to evaluate whether dyslipidemia and hyperglycemia can be risk factors for hypogonadism.
The values of all these parameters are in (table 5).As indicated in the table, mean HDL-C was
35.19mg/dl with standard deviation of 10.44 mg/dl. This value was found to be below the

normal range. About 72.2% of participants in this study had low HDL-C which is less than
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40mg/dl. It contributed to the largest portion of the high prevalence of dyslipidemia among

these patients. Its minimum and maximum value was 13.3 and 71 mg/dl.

The mean level of LDL-C among the study participant was 90.53 mg/dl with standard
deviation of 32.46 mg/dl. The minimum and the maximum values among these patients were
28.50 and 170.6mg/dI, respectively .We found that about 39.1% of patients participated in

this study had high LDL-C which is the major risk factor for atherosclerosis.

The minimum and maximum values of TC in this group of patients were 72.2mg/dl and 253.2
mg/dl, respectively with mean of 155.5 mg/dl and standard deviation of 39.15 mg/dl. The
median was 148mg/dl with (95% CI of 148.20-162.64). About 15% of the participates had
elevated level of this lipid. The 2'%nd 97.8 percentile distribution of this analyte among

the study population was 84.10-244.81mg/dl with median of 148.1mg/dl. Then the antilog of
2.5" and 97.8 percentile values was computed and it was found to be 83.75 and 245.5 mg/dl

respectively.

The median of value of TRIG was 141.9 mg/dl with the 2.5th and 97.5th interquartile range
of 71.07- 656.65mg/dl. But its minimum and maximum values were 59.4 and 776.4 mg/dI.
Similarly, the median value of FBG of the study subjects was 168 mg/dl in the interquartile
range of the 2.5th and 97.5th percentile values (82.9-307.2).Its minimum value was 82mg/d|
whereas its maximum value was 313mg/dl.

6.5. Prevalence of androgen deficiency symptoms, low testosterone

level and secondary hypogonadism among study participants

Androgen Deficiency in Aging Male (ADAM) questioner was used to assess symptoms of
hypogonadism among our study participants. As summarized in, 104(90.43%) were ADAM
positive whereas the remaining 11(9.57%) were ADAM negatiablg 6) based on the
criteria of classification of responses to ADAM questioner outlined in the methodology
section.

It was below our expectation to see that only 27(23.48%) of ADAM positive participants
were with low TT level (T¥12.1nmol). Among ADAM negative ones only 2(1.74%) were
with low TT level. Therefore, only 23.48% of study subjects met the current definition of
hypogonadism which include the presence of symptoms and low testosterone level.
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Of those with low TT, 20(74.1.0%) had low or low normal LH and FSH level. Hence, they
were categorized as hypogonadal patients with secondary hypogonadism (hypogonadotrophic

hypogonadism).

Table 6: Frequency of low and normal total testosterone groups in ADAM positive and negative
study subjects (n=115)

Response to ADAM Questioner| Testosterone groups Total
Low TT Normal TT
[TT<12.1nmol/L] | [TT>12.1nmol/L TT ]
ADAM positive 27(23.5%) 77(66.9%) 104 (90.4%)
ADAM negative 2(1.7%) 9 (7.8%) 11 (9.6%)
Total 29(25.2%) 86(74.8%) 115(100%)

6.6. Test characteristics of Androgen Deficiency in Aging Men
(ADAM) questioner

Characteristics of ADAM questioner were determined based on the value in table 6.
Sensitivity of ADAM questioner to identify those with low TT was very good at 93.1%. It
has also good negative predictive value (81.8%). However, the specificity (10.5%) and

positive predictive value (26%) was very poor as demonstrated in (table 7

Table 7: The statistical measures of ADAM questioner in T2DM patients with low testosterone

Statistical measures Result
Sensitivity 93.1%
Specificity 10.5%
Positive predictive value 26%

Negative predictive value 81.8%

The frequency distribution of androgen deficiency symptoms among study participants was
summarized in (table )8 The two relatively more specific symptoms “loss of libido” which
was the most common symptoms in 104 (90.4%) of the total study participants followed by
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“erectile dysfunction” , the second most frequent symptoms among this population with
frequency of 98(85.7%) out of 115 patients participated in this study. The frequency of the

symptom “loss of height “was the least of all .

Table 8: Distributions of symptoms of hypogonadism among study participants (N=115)

No | Symptoms Responses
Yes No
Frequency Percent | Frequency| Percent
1 Decreased libido 102 88.7 13 11.3
2 Lack of energy 84 73.0 31 27.0
3 Decrease in strength/endurance 86 74.8 29 25.2
4 Lost height 22 19.1 93 80.9
5 Decreased enjoyment of life 69 60.0 46 40.0
6 Often sad or grumpy 76 66.1 39 33.9
7 Erectile dysfunction 98 85.2 17 14.8
8 Recent deterioration in sporting | 71 61.7 44 38.3
ability

9 Falling asleep quickly after dinnel 54 47.0 61 53.0
10 | Deterioration in work performance 57 49.6 58 50.4
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6.7. Comparison of the clinical and biochemical parameters of subjects with

and without hypogonadism

Patients’ history of diabetic complications (retinopathy, neuropathy, and nephropathy),
history of hypertension , history of alcohol consumption, history of smoking were checked
whether there were significantly difference between low TT and normal TT groups of the
study participants or not by using chi-squa¢@) test. History of smoking did not satisfy chi-
square assumption because two cells had expected count less than 5. All other variables were
not significantly differed between the two groups> 0.05) except history of hypertension

with %2 (1) = 4.621P=0.032.

For parametric data presented fable 9) independent sample t test was used to evaluate
whether the mean differences of each indicated parameters were statistically significant (P
<0.05) between hypogonadal and eugonadal groups. The mean BMI was significantly higher
in hypogonadal group (26.9+3.5 kdnthan in eugonadal group (24.86 +3.02 k)/r (113)
=3.035, p=0.003. Similarly, the mean WC was significantly higher in hypogonadal group
(104.85+8.77 cm) than in eugonadal group (96.62 +7.75 cm), t (113) =4.676, p<0.001.
However, the mean HDL-C level was lower in hypogonadal group (31.08+8.57mg/dl) than in
eugonadal group (36.83+10.63mg/dl) t(113)=-2.563,p=0.012 .Similarly the mean FSH level
was significantly lower in hypogonadal group (6.28 +2.75 mlU/ml) than in eugonadal group
(8.10£5.38 mlIU/ml), t (113) =-2.34, p=0.022. However, the two groups did not differ
significantly in mean of LH, LDL-C and TC.

For non- parametric data demonstrated in (tableadMann-Whitney U test was used to
compare hypogonadal and eugonadal groups. A Mann-Whitney U test indicated that FBG
level was significantly higher in hypogonadal group with median of 235mg/dl than in
eugonadal group with median of 161 mg/dl, U=711.5, p=0.002. Similarly, TRIG was
significantly elevated among hypogonadal group with median of 174mg/dl than in eugonadal
ones with median of 136 mg/dl. However, there was no statistically significant difference in

the age, duration of DM, SBP, and DB between the two groups.
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Table 9: Comparison of clinical and biochemical characteristics of study participants between

hypogonadal and eugonadal groups (N=115)

No Parametric values Testosterone level P value
Hypogonadal Eugonadal group
group (n=27) (n=88)
Mean + SD Mean + SD
1 | BMI(kg/m®) 26.90+3.54 24.8043.02 0.003
2 [ WC(cm) 104.85 +8.77 96.62+ 7.75 <0.001
3 | LH(mIU/mI) 7.06 +3.09 7.72 £3.36 0.365
4 [ FSH(mIU/mI) 6.28 +2.75 8.10+ 5.38 0.022
5 | TC(mg/dl) 159.37+42.35 154.20+38.28 0.549
6 | LDL(mg/dl) 86.45 +36.09 91.78+31.38 0.458
7 | HDL(mg/dI) 31.08 £8.57 36.83+10.63 0.012

No | Non Parametric Median Median P value
values

8 | Age(years) 60.0 60.0 0.721
9 | Duration of DM (years 6.0 7.0 0.629

10 | SBP(mmHg) 130.0 130.0 0.293
11 | DBP(mmHg) 80.0 80.0 0.583
12 | FBS(mg/dl) 235.0 161.0 0.002
13 | TRIG(mg/dI) 174.0 136.0 0.047

6.8. Comparison of variables between age and BMI categories

Kruskal-Wallis test indicated that only DM duratig@( 3)=15.311,p=0.002; SBPy2 (3)
=14.852,p=0.002;LH 2 (3)=9.974,p=0.019 and DM duratiog2 (3) =15.311,p=0.002

showed statistically significant difference between age categ@®idsthe rest variables in

table 7 did not show significant difference between age categories. Though the variance was
not significant between age groups, mean FSH level seems increasing across age categories
as shownf(gure 5 right).
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Figure 5 Mean plots of LH (left) and FSH (right) in different age categories

Analysis of variance (ANOVA) indicated that WC, SBP,DBP and TT, With F(2)= 29.5,
p<0.001; F(3)=4.022 P=0.021; F(3)=7.267,p=0.001 and F(3)=5.474@=0.005 differ

significantly across BMI categories respectively.

To identify whether there is significant mean difference of TT between paired BMI
categories, Turky's Post —Hoc analysis of honestly significant difference (HSD) was
performed. The result showed that there was no statistically significant mean difference of TT
between those with normal BMI and overweight ongs0(725) .However, significant TT
mean difference was observed between those with normal BMI and obese ones (p=0.04).
Similarly, significant mean difference of TT was also observed between overweight and
obese one$E0.016) as indicated ifigure 6).
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Figure 6: Box and whisker plots of total testosterone in three BMI categories
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6.9. Correlation and multiple linear regression analysis result of
independent variables with total testosterone

Pearson correlation analysis of TT and independent variables which include age, DM
duration, BMI, WC, HDL-C, LDLC, TRIG and FBG was assessed. As depictédure 7

left to right TT is inversely correlated with WC and BMI (r=-.465, P<0.001) and (r=.363;
p<0.001) respectively.
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Figure 7: Scatter Plots that show relationship between TT and WC (left), TT and BMI (right)

Similarly, as shown irfigure 8 from left to right TT was significantly inversely correlated
with FBS with ¢ho=-.328, p<0.001) and TRIG (rke.357,p<0.001) respectively. But it was
significantly positively correlated with HDL-G$.339,p <0.001) as indicated irfigure 9).
However the level of this hormone was not correlated with age, DM duration, SBP, DBP,
TC, and LDL-C with p values of 0.874, 0.616, 0.100, 0.185, and 0.364 respectively. It was
unexpected to see that TT was also not significantly correlated with LH and FSH with
P=0.164 and 0.488 respectively.

However, by stepwise multiple linear regression analysis only WC and FBG remained

statistically significant independent predictors of hypogonadism in men with T2DM
participated in our study.
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Figure 9: A Scatter Plot that show relationship between TT and TRIG

6.10. Multiple logistic regression analysis result of factors associated to

hypogonadism

Simple logistic regression was performed for TT and independent variable and summarized

in (table 10).Then; those with a p-value < 0.25 were entered into a multivariate model with

automatic backward and forward likelihood ratio method of elimination, based on the p-

values in the model. Variables were dropped if the p-value was non-significant (< 0.05). A

multiple logistic regression was then run treating hypogonadism as the dependent variable
and WC, BMI, FSH, FBG, HDL-C and TRIG as independent continuous variables. The rest
variables were dropped because their p value was greater than 0.25.
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Table 10: Binary Logistic regression analysis result of hypogonadism and independent variables

p —value | SE Wald| P-value Exp () | 95% CI for Exp (B)
Variables
Age 0.002 0.022| 0.009 | 0.926 1.002 0.961-1.045
BMI* 0.166 0.069 | 5.80 | 0.016 1.181 1.031-1.351
wWcC* 0.096 0.029 | 11.1Q 0.001 1.100 1.04-1.164
SBP 0.008 0.011| 0.62 | 0.432 1.009 0.987- 1.030
DBP 0.009 0.022| 0.15 | 0.694 1.009 0.966 - 1.053
DM duration | -0.005 0.032| 0.02 | 0.887 0.995 0.935- 1.059
LH -0.081 0.072 | 1.25| 0.267 0.922 0.8-1.063
FSH -0.112 0.06C |3.4¢ |0.062 |0.089: |0.7951.00¢
FBS* 0.01t 0.00¢ | 16.5C | <0.001 | 1.01: 1.00¢-1.02:
TRIG* 0.00: 0.001 |4.9¢ |0.028 |1.00: 1.00(-1.00¢
HDL-C* -.05¢ 0.02¢ |5.11 [0.02¢ |0.947 0.90%-0.99:
LDL-C* -0.00% 0.007 |1.2C |0.27¢ 0.99: 0.97¢-1.00¢
TC 0.00z .00¢ 0.1z |0.731 1.00z 0.991- 1.01:

*Indicate variables chosen to run multiple logistic regressions

35



The model was then checked using Receiver Operating Characteristics (ROC) whether it can
correctly discriminate low TT group from normal TT group. The area under the curve was
0.841 (ClI: 0.753-0.929) . This area is greater than 0.7. So it was taken as good model fit to

the data. The model can correctly classify 82.6% of the data.

ROC Curve: Model to low total testosterone
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Figure 10: Multiple logistic regression ROC curve model for low total testosterone

Finally, only WC and FBG remained independent risk factors of hypogonadism. Table 11
indicated that 1 cm increase in WC increase odds of developing hypogonadism by 1.2 times,
while controlling for FBG. Similarly, an increase in FBG by 1mg/dl increases odds of
developing hypogonadism by 1.02 times while controlling for WC.

Table 11: Multiple logistic regression analyses result of predictors of hypogonadism in T2DM
subjects (N=115)

Variables B S.E. Wald P Odd 95% C.l.for
value | ratio EXP(B)
Lower Upper

wc 0.154 | 0.038 16.484 0.000 1.20 1.08 1256
FBG 0.015| 0.004| 11.774 0.001L 1.02 1.01 1024
Constant -19.614 | 4.294] 20.863 0.000 0.000

36



7. Discussion

We assessed hypogonadism and its associated risk factors among 115 Ethiopian men with
T2DM attending treatment follow up at TASTH. It was the first study performed in this
population of men at this tertiary setting aiming to determine prevalence of symptomatic
hypogonadism, hypogonadotrophic hypogonadism, and its associated risk factors and
compared differences in independent variables in low TT and normal TT groups of this

population.

Prevalence of hypogonadismPrevalence of low serum testosterone in men with T2DM
varies from 20 to 64% depending on the population and whether total or free testosterone is
used to make the diagnosis [18]. In this study about ninety percent of T2DM male patients
were with androgen deficiency symptoms or ADAM positive when assessed with ADAM
guestioner. The most common symptoms were loss of libido (90.4%) followed by erectile
dysfunction (84.7%). A Cross-sectional study has found a high prevalence of low libido
(64%), erectile dysfunction (74%), and fatigue (63%) in hypogonadal men with T2DM.
However, the presence of these symptoms was similarly high in eugonadal men with T2DM
as well (48, 65, and 57%) respectively [25].

Using recent definition of hypogonadism and testosterone cut off value of International
Society of the Aging men, only 27(23.5%) with hypogonadism. This prevalence
hypogonadism was lower than those reported in the literature even though there are
differences in cut off value of TT, age categories, study design, and laboratory methods
among them. A similar cross sectional study conducted in South Africa on 150 male T2DM
patients with age greater than 50 years, reported very close prevalence of androgen deficiency
symptoms (94.7%) as in our study. Unlike our study, it identified higher (50%) prevalence of
low TT among these men with a lower cut off value (TT<9.9 nmol/L).[#8is might be due

to the non-specific nature of the components of the ADAM questionnaire which may be
responsible for its poor overall efficiency in identifying male androgen deficigfily.A

similar study in Egypt conducted on smaller sample size of 70 T2DM male patients with age
ranged from 30-50 years reported a lower prevalence (58.6%) of androgen deficiency
symptoms but higher (40%) prevalence of low TT (TT< 8 nmol/L) [48] when compared to

our study. In another similar study conducted in Egypt on 140 samples of men with T2DM,
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34.2% of them were hyopogonadal [49] .This was also higher than that of ours. This might be
due to the higher mean BMI of study participants in these studies as compared to the mean
BMI in our study. Because, obesity is confirmed to be important contributor to the higher
prevalence of hypogonadism among men with T2DM [18] . However, a study conducted in
Iran on smaller sample size of 85 T2DM patients between age of 40-60 years reported lower
prevalence of hypogonadism (11.8%) based on TT level (Cut off not mentioned) compared to
our study but higher prevalence based on calculated free testosterone (36.6%),and
bioavailable testosterone ( 35.3% ) [50]. In contrast to Iranian study, a study conducted in
New york on 103 T2DM patients reported lower prevalence of hypogonadism (33%)
measuring free testosterone or calculated free testosterone, but higher prevalence (43.7%)
using TT levels less than 10.4 nmol/L [21].This shows that there are inconsistencies among
research findings with regards to prevalence of hypogonadism in this group of population.
Other cross sectional studies conducted on larger sample sizes as in a study in China [15] and
Korea [51] with the same cut off value of TT with that of our study<(@I1 nmol/L or
350ng/dl) also reported higher prevalence of hypogonadism 35.2% in samples of 213 and
34.9% in samples of 464 T2DM respectively. But, a study conducted in England reported a
lower prevalence of 17% with TT<8nmol/L and 31% with TT between 8-12 nmol/L in
samples of 359 study subjects with age ranged 32-83 years. But this is entirely due to
variation in TT cut off values. If those with TT between 8-12nmol/L were also considered
hypogonadal as we did, the prevalence of hypogonadism would rise to 51% .This study also
reported 50% prevalence of hypogonadism among the subjects with free testosterone [25].
Unexpectedly higher prevalence (78%) among Sudanese men with T2DM was reported in a
recently published comparative cross sectional study in Sudan on 300 men with T2DM and
100 controls .Hypogonadism was solely defined as low TT below 10.41nmol (300ng/dl)[44].

Therefore, the possible explanation why hypogonadism was less prevalent among T2DM
patients attending follow up treatment at TASTH might be due to infrequency of obesity as
mentioned earlier among these men. As compared to participants in aforementioned studies,
men with T2DM participated in our study had relatively lower mean £SD of BMI and WC of
25+3.25 and 98.56+8.70 respectively. For instance, the mean = SD of BMI and WC of that of
South Africans was 30.7+£5.37 and 112+16.2, respectively [48]. Additionally, the mean £SD
of BMI and WC of participants of the study in Egypt were 32.87 +5.648 and 113.96 and
113.96 + 18.25) respectively [49]. These differences in BMI which is an indicator of general
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obesity and WC which is indicator of central or visceral obesity might contribute to the big
differences in prevalence of hypogonadism among our study participants and those in
specified studies. Because, it has been suggested that an excessive increase in fat mass may
result in an increase in the activity of aromatase enzyme which causes greater conversion of
testosterone into estradiol . An increase in estradiol levels would lead to the suppression of
gonadotrophin releasing hormone and impaired secretion of gonadotropin by the pituitary
gland. This results in the reduction of both testosterone secretion and mature sperm
production [18,19]. This confirms that obesity represents an important confounding factor in
the relationship between testosterone and T2DM. Obese men and men with T2DM can have
secondary hypogonadism because of the peripheral and central insulin resistance and the
effect of pro-inflammatory cytokines (TNFand IL-6) on the hypothalamic pituitary-
gonadalaxis [2]. Increase in SHBG with age may also contribute to elevated TT in our study
population as majority of them were above the age of 60 years [35]. But this finding was

challenged by a study conducted in England [25].

As summarized in the recent publication of international society of aging male guideline,
testosterone deficiency symptoms particularly loss of libido or vigor may also be seen with
TT levels as high as 15 nmol/L .1t also forwarded that a state of elevated LH in the presence
of normal testosterone but with hypogonadal symptoms should be considered as
hypogonadism [4].Most studies including ours did not consider this evidence in defining
hypogonadism .We thought this might be another reason why symptoms of hypogonadism

and testosterone deficiency did no correspond to each other as expected.

Test characteristics of Androgen Deficiency in aging men questiorerOur study
determined test Characteristics of ADAM questioner. It had very good sensitivity (93%) and
negative predictive value (81.8%) of ADAM questioner to identify those with low TT.
However, it had very poor specificity and positive predictive value. In a study conducted in
Nigeria, performances of the ADAM questionnaire for the clinical detection of androgen
deficiency in black Sub-Saharan African men with T2DM were evaluated. The study
determined 88.1%, specificity of 44.7%, PPV of 50.0%, NPV of 85.7% [47]. A study in
South Africa reported very high sensitivity (95%) and very low specify (5%) as in our study
to identify those with low total testosterone. This study also reported very good sensitivity
(100%) and negative predictive value (100%) in those with low calculated free testosterone

[43]. Both aforementioned studies concluded that ADAM questioner cannot be used as a
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surrogate for biochemical determination of serum testosterone in evaluation of hypogonadism
in T2DM.

Prevalence of secondary hypogonadisnccording to the recommendation of International
society of Aging Male [2] and International Endocrine Society [4], measurements of serum
LH and FSH assists in differentiating between primary and secondary hypogonadism. Based
on these recommendations we assessed prevalence of secondary (hypogonadotrophic
hypogonadism). It was 74.10% taking JI2.1nmol, FSH<14 mlU/ml and LH<7.8mIU/ml

level. The rest 25.9% had primary hypogonadism with elevated FSH or LH. A similar study
in in Jordan also reported a higher prevalence (83.1%) of secondary hypogonadism and
16.9% primary hypogonadism [39]. Another study in Nigeria observed that 76.3% of subjects
with overt hypogonadism (TT<8nmol/L) and 89.1% of patients with possible hypogonadism
TT between (8-12 nmol/L) were hypogonadotrophic hypogonadal. Elevated gonadotrophins
were noted in 23.7% and 10.9% of subjects with overt and possible hypogonadism,

respectively [40].

The association between serum TT and gonadotropin was not clear in males with T2DM.
However, different studies forwarded that insensitivity to insulin at the hypothalamic level
may contribute to the decrease in GnRH which in turn decreases the level of gonadotrophins
(LH and FSH) [10]. On the other hand, obesity can promote estradiol secretion and suppress

hypothalamic GnRH production with negative feedback mechanism [18].

Association of TT level with independent variables\We observed that age, duration of
diabetes, none of diabetic complications, monthly income, and history of alcohol
consumption were not significantly associated with TT. In contrast to our study, a study in
Jordan showed a significant relationship between age, income and neuropathy with TT [39].
A possible explanation given for the association of income and testosterone level was that a
lower monthly income may function as a marker for poorer access to health, increased stress,
and adverse health behaviors. However, cost free access to health facilities for those who
cannot afford might be the reason for the lack of association between income and testosterone
level in our study. Unlike our study, a study in Nigeria reported significant associations
between alcohol histories and low TT levels [29].This might be due to the difference in
testosterone cut off values between the two studies. However, an Indian study reported

similar result with ours [41].The correlation of age with TT level was inconsistent. Some
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studies showed negative correlation between age and TT level [25, 40]. The most possible
explanation is that SHBG which accounts for 60-80% of testosterone binding rises with age
and may serve as a confounding factor when TT is used solely in the evaluation of
testosterone levels. Low levels of SHBG on the other hand may occur in the presence of
insulin resistance; thus, resulting in TT levels. In the absence of the assessment of
bioavailable testosterone levels, the degree to which this confounder- SHBG- affected our
results if at all is difficult to speculate on [29] .However, study in New York and south Africa

did not observe significant correlation between TT and age as in our study [21,43].

Our study identified BMI, WC, FBG and TRIG were negatively and significantly correlated
with testosterone level where as HDL-C was positively correlated with it. In line with our
study, a case control study in Ghana revealed that TT level was inversely related to BMI,
FBG and TRIG among T2DM groups [42]. However, the level of this hormone was not
correlated with DM duration, SBP, DBP, TC, LDL-C, LH, and FSH in our study participants.
Lack of association between LH/FSH and TT might be due to the rise of these hormones
slightly with age, as observed in our study and others suggesting an age-related alteration in
this feedback mechanism [21]. Additionally significant number of the study participants had
primary hypogonadism (25.9%) which is related to testicular problem rather than to
gonadotropins. Though, FBG was related to the level of TT in a Korean study, BMI was not

significantly related with it [50].

These associations can be indirectly explained as testosterone replacement therapy was found
to alter some of the variables. As summarized in Endocrine society update of
hypogonadotropic hypogonadism in T2DM and obesity, a decrease in WC of 14 cm in men
with new onset T2DM treated for 1 year with transdermal testosterone, diet, and exercise.
The control group that was prescribed only diet and exercise lost 5 cm. A decrease in 1.63 cm
in WC after one month testosterone treatment was also reported as this update noted .The
update also outlined that, BMI did not change in any of the studies despite the decrease in
abdominal girth [5].Nature review of Endocrinology forwarded that TRT were found to
decrease TRIG, levels TC and LDL-C. The review also noted that TRT improves glycemic

controls in interventional studies but its action on HDL-C was inconsistent [5].
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Comparison of independent variables in low TT and normal TT groups of T2DM
patients: In our study age, duration of diabetes, SBP and DBP, LH, FSH, LDL-C and TC did
not differ significantly between hypogonadal and eugonadal groups. But, WC, BMI, FBG and
TRIG were significantly higher inhypogonadal group as compared to eugonadal group
whereas HDL-C was significantly lower in the former one. A similar study in Italy partly
reported the same result with regards to HDL-C, TRIG, age, HDL-C, TRIG, and BMI but not
with duration of diabetes, LH, and FSH [31]. However, a cross sectional study in china did
not report significant difference in the level of FBG, TG and HDL-C between these groups.
Age, diabetic duration, FSH, LH, was not significantly differ between hypogonadal and
eugonadal groups of T2DM patients in a study conducted in Egypt [49] .This result was in
line with ours. Unlike our study, all lipid profile was not significantly differed between the
two groups. On the contrary to our study FBG, TRIG, and HDL-C levels were not
significantly different in hypogonadal and eugonadal groups as a study in china revealed.
Though this study reported similar finding with regards to age, diabetes, duration, diabetic
complications, DBP, SBP, TC and LDL-C, it reported that the two groups significantly differ
in gonadotrophin levels which was actually inconsistent with our findings [15].This lack of
association might be partly due to the existence of significant percentage (25.9%) of
hypogonadal men with primary hypogonadism in participated in our study which is actually

related to gonadal problem but not with deficiency of gonadotrophins.

Risk factors of hypogonadism:According to result of multiple logistic regression analysis

of the association between independent variables and TT levels, only WC and FBG remained
associated risk factors of hypogonadism. From this analysis we confirmed that WC was a
better risk factor for hypogonadism than BMI in our study population. We thought HDL-C
which was less than 40mg/dl in majority of our participants could be other risk factors for
hypogonadism. But the relationship between testosterone and HDL-C might be confounded
by the fact that both HDL-C and testosterone inversely related to BMI. BMI was also
positively associated with WC. Due to multi collinear nature of these variables they failed to
be strong predictors of hypogonadism in our study population. In fact, a practical guide to
male hypogonadism in the primary care setting summarized that TRIG levels are negatively
linked with TT but HDL-C levels are positively linked to testosterone levels in middle-aged
men [2].
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Our finding regarding FBG as a risk factor was in line with a research conducted in Ghana
and korea .This can be explained by the fact that the association between glycaemia and
reduced TT concentrations may be an effect of glycaemia on the testicular microvasculature.
Thus, glycemia alters Ledig cell function, directly causing primary hypogonadism. In
addition, if glucose is not reaching the cells because of insulin insensitivity, there will not be
enough energy generated for the various metabolic processes involved in maintaining

testosterone levels [42, 50].

Additionally, chronic hyperglycemia and hyperinsulinemia are associated with
hypogonadism, and low testosterone levels may play a role in the development of T2DM,but
the impact of more acute changes in glucose and/or insulin on the hypothalamic pituitary
testicular axis is less well understood. Manipulation of the glucose milieu in clinical scenarios
may also influence testosterone levels. It has been demonstrated that glucose administration
impacts TT levels in men without preexisting androgen deficiency with implications for the

biochemical categorization of androgen status [52].

Clinically, visceral adiposity is measured by WC or waist-to-hip ratio [46]. Testosterone is
metabolized to estradiol, primarily in adipose tissue by aromatase, which has increased
activity as visceral adiposity increases. Estradiol directly feeds back and inhibits the
hypothalamic—pituitary—testicular axis and this result in decreased testosterone [10].This can
be clear evidence why increase in WC identified as a risk factors of hypogonadism in our

study and others.

Visceral adiposity also enhances delivery of free fatty acids to the liver leading to a reduced
hepatic insulin clearance and further increase circulating insulin levels leading to
hyperinsulinemia. Free fatty acids then accelerate gluconeogenesis and triglyceride synthesis
by the liver, increasing esterification of free fatty acids and reduced hepatic degradation of
apolipoprotein B, resulting in increased synthesis and secretion of small very low density
lipoprotein particles. The increase in very low density lipoprotein leads to clinical
hypertriglyceridemia, another component of the metabolic syndrome. In addition to the
effects on the liver, the increase in free fatty acids decreases peripheral glucose disposal
primarily in skeletal muscle and this result in hyperglycemia [18].This hyperglycemia in turn
has an effect on testicular microvasculature and resulted in decrease of testosterone as
mentioned before.
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8. Strength and limitations of the study
8.1. Strength of the study

This study did not solely relied on testosterone level to define hypogonadism as some studies
in Africa and other parts of the world did. It thoroughly assessed symptoms of hypogonadism
using well known ADAM screening questioner and determined the prevalence of androgen

deficiency symptoms.

The study also incorporated major clinical data from measurements, medical records, using
questioners and extensive laboratory measurements to evaluate risk factors associated with
low testosterone. Measurements of height, and weight to calculate BMI, WC were taken by

professional nurses.

Selection bias was minimized because consecutive patients who met the criteria were
selected. This bias might have occurred if large percentage of patients refused to participate.

But none of refused the consent to take part in the study.

Moreover, hormones and lipid profiles were determined in accredited referral clinical

chemistry of Ethiopian Public Health Institute.

8.2. Limitations of the study

This study was conducted on small sample size in a tertiary referral outpatient diabetic clinic
where most of the patients had many complications and numerous comorbidities. Because of
this fact, results of this study cannot therefore be generalized to the majority of men with

T2DM who follow up at primary health care.

Some of the information like the use of glucocorticoids, liver disease, and cancer were
subjectively obtained from medical records and patients. Diabetic complications may be

underestimated because the data were obtained from medical records.

Moreover, our inability to measure FT which is the gold standard and SHBG to calculated FT
or bioavailable testosterone due to unavailability of these assays in our practice and cost
respectively .We could not measure Hemoglobin A1C which is a better glycemic control
indicator due to financial problem.
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Conclusions

In conclusion, this cross sectional study indicated tlsgimptoms of hypogonadism though
nonspecific are prevalent in the majority of men with T2DM attending treatment follow up at
diabetic clinic of TASTH. Loss of libido and erectile dysfunction are the most common

symptoms in this group of population.

Despite an impressive sensitivity, the low specificity and positive predictive value of the
ADAM questionnaire makes it unreliable for the detection of hypogonadism among this

group of men.
Prevalence of hypogonadism was 23.5% and it is lower than those reported in the literature.

Hypogonadotrophic hypogonadism occurred in approximately three fourth of the study

participants but primary hypogonadism occurred in one fourth of them.

BMI, WC, FBG and TRIG are inversely associated with TT level where as HDL-C is
positively associated with it.

Mean BMI, WC, FBG, TRIG are significantly higher in hypogonadal group than in
eugonadal groups of Ethiopian men with T2DM attending treatment follows up at TASTH.

However, mean HDL-C is significantly lower in the hypogoadal group than in eugonadal

group.

Though not noble, this study demonstrated that visceral obesity and poor glycemic control are

independent risk factors for hypogonadism.
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Recommendations

Based on our findings, we would like to put the following recommendation:

1. ADAM questioner should be complimented with biochemical assessment of testosterone
in the diagnosis of hypogonadism because of low specificity of the questioner.

2. Even though the reported prevalence of hypogonadism was lower than those reported in
the literature, it is still significant and therefore, needs special attention of
endocrinologists and health care policy makers.

3. Assessment of testosterone levels in men with T2DM who had visceral obesity and poor
glycemic control may help in early detection of hypogonadism.

4. The presence of high prevalence of symptoms of hypogonadism but low prevalence of
testosterone deficiency in this study necessitates repeating this research with more
specific tests which include measurement of free testosterone or calculated free and
bioavailable testosterone by measuring SHBG. Further interventional and longitudinal
study should also be conducted to evaluate the benefit of testosterone replacement therapy
among hypogonadal men with T2DM.
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Annexes

Annex I: English version of participant information sheet and informed consent

Addis Ababa University College of Health Sciences Department of Medical Laboratory
Sciences

Participant information sheet

You are invited to participate in a study to be conducted by MSc student Sisay Teka at Addis
Ababa University, College of Health Sciences and Department of Medical Laboratory
Science. Please read the following statements and ask any unclear points before you agree to
participate.

Introduction: The topic of this study is “Assessment of hypogonadism and its associated risk
factors among men with T2DM attending diabetic clinic of TASTH". Participation in this
study is exclusively voluntarily. If you are not interested to participate, there will be no
consequences.

What is expected from me as participant of the study?

As a participant of this study, you will be asked to give 5ml of blood sample, which will be
used to determine serum TT, LH, FSH, FBS, HDL-C, TG, total cholesterol and LDL-C. Your
will also let us measure your waist circumference, weight and height. You are also expected
to respond to questions included in the questioner and interviews which will be used as
relevant data for this particular research.

Potential benefits to participant and/ or to the society

You will get laboratory test result of total testosterone, luteinizing hormone and follicle
stimulating hormone which are costly for free. The study will determine prevalence of
symptomatic hypogonadism and knowing prevalence is important to the clinician to look for
symptomatic hypogonadism in men with T2DM and carryout appropriate management. It
will also identify major risk factors for hypogonadism which correlate to T2DM to facilitate
prevention, early diagnosis, and early treatment as some of them are modifiable. Additionally
the study will recommend inclusion of these hormones in a routine test for men with T2DM
presenting symptoms of hypogonadism. Hence, you are directly or indirectly benefiting

yourself, other patients and the society at large.
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Compensation for participation: You will not receive any payment for your participation in
this research study.

Confidentiality: On the request paper your name or your identities will not be mentioned.
Samples and information given by the participants will serve only for this research not for

any other purpose.

Person to contact Please direct any questions you may encounter during this study to the
principal investigator.

Sisay Teka: Email: sisayteka@gmail.com or mobile +25132144209

Department of Medical Laboratory Sciences, College of Health Sciences

Addis Ababa University: Cell phone: +251- 09 32 14 42 09

Department of Medical Laboratory Science research ethics office +251 11 275 5170

English version of Informed Consent form

This page contains an agreement signature to participate in the study entitled “Assessment of
hypogonadism and its associated risk factors among diabetic type 2 patients attending
diabetic clinic of Tikur Anbesa Specialized Teaching hospital, Addis Ababa Ethiopia.” So

please read the following points and sign your signature at the end in the space provided.

1. | understood the objective of the study in “Assessment of hypogonadism and its
associated risk factors among diabetic type 2 patients attending diabetic clinic of
TASTH”

2. | know that the left over sample (blood) that | gave is going to be used for this study
only.

3. lunderstand that, all the information and the results are confidential.

4. | understand that | will not get any money for my patrticipation.

5. All the information is explained by Principal investigator.

Therefore, with full understanding of the situations | agree to give blood for laboratory
analysis and fill questioners completely.

Signature of the participant:

Address of the participant:

Date:

54



Annex II: Amharic version of Participant Information sheet and consent
form
0A%0 ANN RZACALE Pm.S 4270 hAE PUNIPS ANG-F4 ThEA

0A%0 ANA RZACAAE PG AR DAE PUNICS ANG-RS FIPUCT heA NU-ATS 86 +14 Savavle
T AR AP T4 HIOHPA:: AORP (Y TG AL hord &P (&4 hiLY T PULTTR7T ZU-6 (0TS
PTG [ Ravid- £ <10 PALPT 11C NoMaPPt &MLk

a8

PTGk CON “U-ATF O+ 42T YOAC hoeg® NANTFAL O7&TF @aT eEAFAECT PCIPT “1ih IC Po1.09H:

POAAN MG FACTE PARPT AT HOEH AL UBFPTT 21070710 ACOP (LY TIT AL P71.5CT
TURE avf AT (N7 &PLTHE AL Phaowlt 1@ LY TEF @AT AAPPATe h@ddr (HY PUhgee
0F @NT TLATPT AIACT ALRLTIC:: (175 E AdPATE Po N Ta0 NPt LAPI°rT P AL X hG
@LI° (N LCTIPTT TINbarp LmOPOFA::

PGk TaF4 NeoPy P7LmOPNT 9787 1a.?

(LY P79 @-OT APATE 4.PLT P 5 TLA. (A7 248 TI70.P PTLU7) £RI° Gav-G RAMN:: GUI°
PLI° GavG (1RIP M-\ PILTTO7 HAPATCT IEANA AEoP At PCIPT i AFGRHT1 PCIP7T &
PARC 1PN AT PRANECA AR ITPTT aPmT NANCRS PPCaPe ATIOP LLAA: :ROTNPT Nd-TidkavtP KG
NOLTP A28.00 Ll ATGE 0Pl PoLAm- NePmPd D-OT SHhtitT PEEPT Lovhan: POAAN
MSP U3 (7P ACLPCNAT Ph aPm@P ThhAT O7 ao2F LM N::

OHY 76T OOT avAte L9005 T+ PPOT
1.PA02F4 9°CI°L- PIFD @<L QP HFT PO MG =27 271.04% PCIPST7 TGk ALLAP 19 £15 v ::

2 8EAPRECT PCI°7 910 AS PO MG TACT PANETFT ACT T TGE AATLMRI® Y0 I°F Fo14y
et APt 7118006 e Uh9eS ANA AL C10: e W18 LA TNT avl8 BAMA::

3. iV POAN MG FACT OC 2T PATF D AN U-23PT7 AL+®- 420004 AePhAhd AT A“Thg
[ FATALH

4. 76k POAAN MG TIACTF PARFFT ATLLAR PU-ATE G241 PANC hovd® PANFA. M7&TF @AT
(wh9°s WA Fo- 0Pt SEAFNECT PCIPT Pm? A18.ANAFO- APOT A LRI ::

QAAHY OPSE NePA+eP (PTF° P WFHPPLI® av 1L As0E AdNT YaPaTT deg® AUNLTAN:
LmPrI TNt 1@<z
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(LY 7GF @O (P4 HEP TGNt DLI° PILhd.AeT & PATO::

eHAFLPTY PPAML NAPPMNP. NPMPLPD DLPT AL PHAFLPT A9° ORI 997t ALINKI:
N FAFEPTF 2TLAT GavG ALY TG TPI° F 099,010 LUPGA =

PP WAPF: LU7T PO (FavAlrt @9 hiy D¢ (FFHarL avph AATLLeITav- &S FaCT mpge
TP N7LNFAD. AL¢-0 mpap-::

age: ae +h

PhngPG AGP6 AR HOGFAT PG A2730 DA T A0 ANA SLOCAL

PO +251- 0932 14 42 09
A-71.eA:sisayteka@gmail.com

PATCIOrF o MmeLe PR

ePeE tAFE NC& RPC:

PHU TG+ Can | UNTE@ ARt PANC ovd® hAGTF@. 07T @At eEPAECT PCIT “Tih OC
PULELH POAAN MG TACT PANPT AT HOEH AL U-3FPTT a1 7 102 pgp paqnye@-
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Annex lll: Questioner

ADDIS ABABAUNIVERSITY COLLEGE OF HEALTH SCIENCE SCHOOL OF
ALLIED HEALTH SCIENCE DEPARTEMENT OF MEDICAL LABORATORY
SCIENCE

Instruction

|. Please write your hospital Card number here

Il. Please try to answer all

Part la: Socio-demographic characteristics

Instruction: Please write your choice in the space provided in response column and
write shortly for items that requires you to give short answer

1. How old are you? Age (years)

2. How is your marital status? A. Married B. Single C. Divorced D. Widowed
3. Highest level of education? A. Informal/No  B. Primary  C. Secondary
D. College/university

4. Current employment? A. Farmer/peasant B. Government employee C. Private

Sector employee D. Self-employment F. Unemployed

Part lla: Questions for patients to assess risk factors for hypogonadism

5. Is there family history of T2DM? A. Yes B. No

6. Is there family history of hypertension? A. Yes B. No

7. Are you known hypertensive? A. Yes B. No

8. Have you ever smoked cigarettes? A. Yes B. No C. Stopped
9. If yes, for how long? years

10. If yes, how much /day (quantify)

11. Do you take alcohol? A. Yes B. No C. Stopped
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Part Ib: Amharic version of socio-demographic characteristics questioner

hOh® APC AL ATLLAT TPEPT ANPTT L34 :: I°CB ANF@D- LA Pav/meT7 avAh
£hna-::

1. 087 Pt Ol 102

2. 918CP v 3? v. 211 A, £a10 ch. 04> av, (19°F +AP

3. 0TrIUCT RLEP?

U. h-af0F/R0TT9L A. ATLE RCF h. AT LB ao, hAB/RIACAT
4. 0¢-P v F?

U.170é A, PPNt (TS ch. P90 &CBF (1TG av. 198, w. P90 (¢ 4. Oé- AT

Part llb: aAkaROECT PCIPT 9710 AT AOAAN M5 TIACT PARET eohdt AL v-23PF7 AToALT
P85 TORPT

5. 00002 vt 92 PANC haod® Féh AA? V. AP A. heLAT°

6. MO TONP PL9° 1et Féh AA? U. AP A. ARLAT®
7. hCOP LI° et hANT? U. AP A. ARLAT®
8. (LG APPND- L7 U. A2 A ARLAY  ch. ARTLLAD-

9. a0 A7 PUN LH?

10. henu(r (97 °7 PUA (LIC LenAne?

11. Adbd 2 M? U. A2 A, ARLAT° ch. ARTLLAV-
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Part Ill a. English version of Androgen Deficiency in the Aging Male (ADAM)

guestionnaire about symptoms of low testosterone

Patients Card number

No

Questions

Yes

No

Do you have a decrease in libido (sex drive)?

Do you have a lack of energy?

Do you have a decrease in strength and/or endurance?

Have you lost height?

Have you noticed a decreased "enjoyment of life"

Are you sad and/or grumpy?

Are your erections less strong?

Have you noticed a recent deterioration in your ability to play sport

O O N| O O &~ W N -

Are you falling asleep after dinner?

10

Has there been a recent deterioration in your work Performance?

Part 1llb: Amharic version of ADAM questioner

ATLhEAT TERPT LR AP DL KLLA NNt L& AL ThhAT °ca Py o( X ) ®aht
£LCr::

YT o —

-~

&
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®av P NNk PIN?

PADFCD Nh@DTFP LOT LATPYT U-3 AOATDAPA?

PUH? AG 2™ A%t (L2091 LOTIPIN?
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O O N O g &~ W N|
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=
o

PADTCD- (0G- AEARTPP AL PITABABA U5 ANTO-APA?
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Annex IV: Data collection checklists

A Checklist to gather medical history and current medication from medical records

No | Parameters Records

1 | Date of diagnosis of DM

2 | Current T2DM treatment

3 | Diabetic complications Retinopathy 1. Yes 2. No
Nephropathy 1. Yes 2.No

Neuropathy 1.Yes 2.Np

4 | Current medication of BP

A Checklist to record anthropometric data and blood pressure

No | Variables Value Remark

1 | Body weight

2 | Height

3 BMI

4 | Waist circumference

5 | Blood pressure

A Checklist to record laboratory findings

No | Laboratory findings Value Remark

1 | TT

2 | LH

3 FSH

4 FBS

5 | TRIG

6 HDL-C

7 | TC

8 LDL-C
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Annex V. Standard operating procedure (SOP)

A. Sample collection

Fasting blood samples were taken from the anti-cubital vein of the arm by using syringes
after proper antisepsis with alcohol and sterile cotton swabs in the morning before 10am.
Then the blood from each participant were transferred to serum separator tube and allowed to
stand for 30 minutes. Serum was separated by centrifugation at 1500 rpm. All the medical

equipment used for blood collections were safe and sterile.

Procedure for serum separation

1. 5 ml whole blood was drawn into serum separator tube containing no anticoagulant.
2. It was kept in upright position at room temperature for 30-45 min to allow clotting.

3. It was centrifuged for 5 min at manufacturer’'s recommended speed 1500 rpm.

4. The serum was carefully aspirated at room temperature and pool into a centrifuge tube,
taking care not to disturb the cell layer or transfer any cells. A clean pipette for each tube was

used.

5. Serum will be inspected for turbidity. Turbid samples will be centrifuged and aspirated

again to remove remaining insoluble matter.

6. Aliquot into cryovials and stored at —20 °C. The cryovials were labeled with patient

identification number.
B. Total testosterone test
Clinical relevance

Testosterone measurements are used in patient care for the diagnosis of hypogonadism in
men and androgen excess in women with polycystic ovary syndrome being one of the

conditions causing androgen excess. Research found that testosterone levels are associated
with various diseases and conditions, such as metabolic syndrome, diabetes, cardiovascular

disease, fractures, neurodegenerative disorder, and higher mortality in men with lower
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testosterone levels. There is a need for population data to better define reference ranges and

to further investigate associations between testosterone levels and chronic diseases.
Test principle and procedure of total testosterone test
Test principle - Competitive immunoassay with analyte liberation was used applied.

1st Incubation (9 minutes): 2QL of the sample is incubated with a biotinylated monoclonal
testosterone specific antibody and 2-bromoestradiol to release testosterone, with the amount
of antibody binding sites subsequently occupied depending on the concentration of

testosterone in the sample.

2nd Incubation (9 minutes): Streptavidin-coated micro-particles and a ruthenylated
testosterone derivative are added to the reaction mixture and the complexes bind to the solid

phase via biotin-streptavidin interactions.
Measurement method Electrochemiluminscent

The reaction mixture is transferred to a measuring cell and the microparticles are
magnetically captured onto the surface of an electrode; unbound sample is washed away
before a chemiluminescent reaction is induced by applying a voltage to the electrode.
Chemiluminescence is measured by a photomultiplier and the concentration of Testosterone

within the sample is calculated using a calibration curve [53].
C. Test principle and procedure for LH test
Clinical relevance

Measurement of LH is used clinically to investigate dysfunctions within the hypothalamus-
pituitary-gonad system. In conjunction with FSH, LH is also used to investigate congenital
diseases with chromosome aberrations, polycystic ovaries, and to clarify causes of

amenorrhea, menopausal syndrome, and suspected Leydig cell insufficiency
Test principle and procedure of LH test

1st Incubation (9 minutes): 20L of the sample is incubated with both a biotinylated,
monoclonal LH-specific antibody and a ruthenylated, monoclonal LH-specific antibody to

form a sandwich complex.
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2nd Incubation (9 minutes): Streptavidin-coated microparticles are added to the reaction

mixture and the complex binds to the solid phase via biotin-streptavidin interactions.

Measurement: The reaction mixture is transferred to a measuring cell and the microparticles
are magnetically captured onto the surface of an electrode; unbound sample is washed away
before a chemiluminescent reaction is induced by applying a voltage to the electrode.
Chemiluminescence is measured by a photomultiplier and the concentration of LH within the

sample is calculated using a calibration curve [54].
D. Test principle and procedure of FSH test
Sandwich principle. Total duration of assay: 18 minutes.

1st incubation: 24 uL of sample, a biotinylated monoclonal FSHecific antibody, and a
monoclonal FSkspecific antibody labeled with a ruthenium complexa) form a sandwich

complex.

2nd incubation: After addition of streptavidin-coated microparticles, the complex becomes

bound to the solid phase via interaction of biotin and streptavidin.

The reaction mixture is aspirated into the measuring cell where the microparticles are
magnetically captured onto the surface of the electrode. Unbound substances are then
removed with ProCell Il M. Application of a voltage to the electrode then induce
chemiluminescent emission which is measured by a photomultiplier. Results are determined
via a calibration curve which is instrumentspecifically generated i calibration and a

master curve provided via the cobas link [55].
E. Glucose oxidase test

Clinical relevance

Carbohydrates supply the body energy with glucose, which is the most important
monosaccharide in blood, and it is an indispensable energy supplier for cellular function.
Measuring blood glucose is used for the diagnosis of carbohydrate metabolism disorders and
monitoring of treatment in diabetes mellitus, neonatal hypoglycemia, idiopathic

hypoglycemia, pharmic hypoglycemia and insulinoma [56].
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Test Method Glucose oxidase
Test principle

Glucose oxidase (GOD) converts the sample Glucose into gluconate. The Hydrogenperoxide
(H202) produced in the reaction is degraded by peroxidase (POD) and gives a colored
product Phenol and 4-Aminoantipyrine which is measurable using Trinder indicator reaction

at 505 nm. The increase in absorbance correlates with the glucose concentration of the

sample [56].
Glucose+Q GOD Gluconic acid+@-
2H202+Phenol+4-Aminoantipyrine POD Red quinone+40

Specimen Serum

Test procedure

Blank Sample
Reagent 1 240puL 240puL
Distilled water 3uL -
Sample - 3uL

Mix, incubate at 37C for 5 min., and read the blank absorbance, then add:

Reagent 2 60 uL 60 pL

Mix thoroughly 37°C, and read the absorbance again 5-10 min. later.

AA = [AA sample]- PA blank]

F. Lipid profile tests

i.  Total cholesterol test
Clinical relevance
Cholesterol is a main component of cell membranes and lipoprotein and it is the precursor for
steroid hormones and bile acids synthesizing. Cholesterol is transported in plasma by low-
density lipoprotein. The level of the individual's total cholesterol is used in screening early
atherosclerosis and monitoring the clinical effect of drugs or low-fat diet [57].
Test principle
Cholesterol is measured enzymatically in serum or plasma in a series of coupled reactions

that hydrolyzes cholesteryl esters and oxidize the 3-OH group of cholesterol. One of the
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reaction byproducts, JO, is measured quantitatively in a peroxidase catalyzed reaction that

produces a color. Absorbance is measured at 500 nm. The color intensity is proportional to
cholesterol concentration. The reaction sequence is as follows [57] .
cholesteryl ester hydrolase

Cholesteryl ester + 10 cholesterol + fatty acid

Cholesterol oxidase
Cholesterol + (2) cholest-4-en-3-one2®4—|

Peroxidase

2H,0, + 4-aminophenazone + phenel 4-(p-benzoquinone-monoimino)-
phenazone + 4 H

Test procedure

Blank Sample
Reagent 1000pL 1000pL
Distilled water 10 puL -
Sample - 10uL

Mix thoroughly at 37C, and read the absorbance 10 min later.
AA = [AA sample]- DA blank]

ii.  Triglycerides test
Clinical relevance
Triglycerides are the most abundant naturally lipids. It consists of three fatty acids and one
glycerol, and is transported in plasma combing with apolipoproteins. Measurement of
triglycerides is used for detecting early atherosclerotic risks, classing hyperlipoproteinemia
and monitoring the clinical effect of drugs or low-fat diet. High triglyceride levels often lead
to liver or kidneys disease, diabetes and pancreas disease [58].

Test principle

Triglycerides are measured enzymatically in serum or plasma using a series of coupled
reactions in which triglycerides are hydrolyzed to produce glycerol. Glycerol is then oxidized

using glycerol oxidase, and.€,, one of the reaction products, is measured as described

above for cholesterol. Absorbance is measured at 500 nm. The reaction sequence is as
follows [58]:
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Lipase
Triglycerides + 3HO0 ——— glycerol + fatty acids
Glycerokinase
Glycerol + ATP —— > glycerol-3-phosphate + ADP
Glycerophosphate oxidase

Glycerol-3-phosphate +L0. dihydroxyacetone phosphatgdy H
Peroxidase
H,0,+ 4-aminophenazone + 4-chlorophengl——> 4-(p-benzoquinone-monoimino)-

phenazone + 240 + HCI. [58]
Test procedure

Blank Sample
Reagent 1000puL 1000pL
Distilled water 10 uL -
Sample - 10puL

Mix thoroughly at 37C, and read the absorbance 10 min later.

AA = [AA sample]- pPA blank]

ii.  HDL- C test
Clinical significance
HDL cholesterol is inversely related to the risk of developing coronary artery disease. A low
HDL/LDL cholesterol ratio is directly related to the risk of developing coronary artery
disease. High HDL cholesterol is associated with the "longevity" syndrome.
Test principle
The apoB containing lipoproteins in the specimen are reacted with a blocking reagent that
renders them non-reactive with the enzymatic cholesterol reagent under conditions of the
assay. The apoB containing lipoproteins are thus effectively excluded from the assay and
only HDL-chol is detected under the assay conditions [59].
The reactions are as follows:
ApoB containing lipoproteins #i-cyclodextrin + Mg+2 + dextran SO soluble non-
reactive complexes with apoB-containing lipoproteins
PEG-cholesteryl esterase
HDL-cholesteryl esters———  HDL-unesterified cholesterol + fatty acid
PEG-cholesterol oxidase

Unesterified chol + 9———— >  cholestenone 3CH
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H.O, + 5-aminophenazone + N-ethyl-N-(3-methylphenyl)-N-succinyl ethylene diamine

Peroxidase 4®i+ H+ — 5 qunoneimine dye #CH

Test procedure

Blank Sample
Reagent 1 900uL 900 uL
Distilled water 12 -
Sample - 12l
Mix, incubate for 5 min. at 3¢, then add:
Reagent 2 300puL 300puL
Mix thoroughly, incubate at 3Z for 5 min., and then read the absorbance change value
AA = [AA sample]- PA blank]

iv.  LDL-C test
Clinical significance
LDL-Cholesterol is directly related to the risk of developing coronary heart disease. A low
HDL/LDL-Cholesterol ratio is directly related to the risk of developing coronary artery
disease. Elevated LDL-Cholesterol is the primary target of cholesterol-lowering therapy [60].
Test principle

(1) HDL\VLDL, Chylomicrons  «—————= Cholestenone + }D,
2HO, Catalase 2H,0 + O

(2) LDL 5 Cholestenone +®3
POD
HO, + TOOS + 4-aminoantipyrin———>  Quinonimine

The System monitors the change in absorbance at 600 nm. This change in absorbance is
directly proportional to the concentration of cholesterol in the sample and is used by the

System to calculate and express the LDL-cholesterol concentration [60].

Test procedure

Blank Sample
Reagent 1 900puL 900 L
Distilled water 12 -
Sample - 12l
Mix, incubate for 5 min. at 3¢, then add:
Reagent 2 300puL 300puL
Mix thoroughly, incubate at 3C for 5 min., and then read the absorbance change value
AA = [AA sample]- pA blank]
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