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CHAPTER 1: TESTOSTERONE: PHYSIOLOGY AND ITS EFFECTS IN MEN 

[bookmark: _Toc78567045][bookmark: _Toc94007692]1.0: Testosterone:
Testosterone predominantly popular as male sex hormone is a steroid hormone produced by testis and adrenal glands in males. Although Testosterone plays an important role in sex differentiation and virilization in males, over recent years it has become apparent that testosterone has a bigger and wider role in males through its genomic and non-genomic effects on the cardiovascular system, glucose metabolism, bone and muscle, brain, liver and inflammation.

[bookmark: _Toc78567046][bookmark: _Toc94007693]1.1: Synthesis and metabolism:
Testosterone which is the major circulating androgen is synthesized by testis mainly (95%). Rest of the testosterone is produced by adrenal cortex in men. A tiny amount is also produced by brain cells(Baulieu, 1997) which may have local functions.

Leydig cells in testes play home to the production of testosterone from its substrate which is cholesterol. This cholesterol may be from denovo synthesis or from the stored cholesterol from the lipoproteins in the cell membranes(Freemann). The substrate then undergoes a series of enzymatic reactions before active hormone testosterone is synthesized as shown in fig 1.1. 

Cholesterol is transported to mitochondria via a vesicle mediated transport system involving lysosomal and endosomal network by StAR (Steroidogenic Acute Regulatory Protein). Once in mitochondria, cholesterol is cleaved to Pregnenalone starting the steroidogenic cascade. This is a rate limiting step and regulated by luteinizing hormone (LH)(van Haren et al., 1992). This cascade is catalyzed by oxidative enzymes called cytochrome P450.

Pregnenalone is further processed in endoplasmic reticulum by either delta 4 or delta 5 synthesis pathways. In human testes most steroids are formed via delta 5 pathway as the first C19 intermediate(Weusten et al., 1987). Testis also produces other intermediates like androstenedione, 17- OHP etc. before the final end product testosterone is produced.




Figure 1.1: Metabolism of Testosterone:
[image: ]

Testosterone is metabolized to active metabolites to either 5- alfa dihydrotestosterone (DHT) or 19 beta- oestradiol in the target tissues depending on the reduction process or aromatization process respectively. The conversion of testosterone to DHT is mediated by 5 alfa-reductase. The conversion to 17 beta oestradiol is by aromatase. The relative production and regulation if these two metabolites are still largely unknown but does depend on the target tissue. For example, oestrogen production is higher in bone and DHT production is higher in prostate. 

The pathway of degradation of androgens also includes its inactivation by liver producing inactive metabolites like 17 ketosteroids. These are further inactivated by reduction, oxidation and hydroxylation which then undergo conjugation with sulphates and glucuronic acid and excreted in urine(Brooks, 1975). The overall half-life of testosterone in men is only 12 minutes thus emphasizing the need to maintain a balance of constant supply from testes and its breakdown.

[bookmark: _Toc78567047][bookmark: _Toc94007694]1.2: Testosterone regulation:

The production of testosterone is mainly regulated by hypothalamo-pituitary-gonadal axis. Gonadotropin releasing hormone (GnRH) is produced by hypothalamus which stimulates the gonadotrophs in anterior pituitary to produce luteinizing hormone (LH) and follicle cell stimulating hormone (FSH). Kisspeptin is a hypothalamic peptide produced by the Kiss neurons which on binding to Kiss 1 receptors mediates the hypothalamic secretion of GnRH. The hypothalamic release of GnRH is pulsatile in nature and the lack of this pulsatility will lead to down regulation of GnRH receptors. There are approximately 8-14 pulses of LH secretion per day(Santen and Bardin, 1973).

LH binds to LH receptor proteins in Leydig cell membrane which activates adenyl cyclase. This increases the cyclic AMP and calcium levels within the cells leading to transport of cholesterol into the mitochondria via StAR protein as described in the sections before. The cholesterol is then cleaved to Pregnenolone starting the cascade of steroidogenesis. The end product of this steroidogenesis pathway is testosterone which itself negatively feeds back to both anterior pituitary and hypothalamus inhibiting LH and GnRH secretion respectively (Fig 1.2). This androgenic feedback reduces the GnRH pulse frequency(Matsumoto and Bremner, 1984).

FSH primarily acts on Sertoli cells stimulating spermatogenesis but FSH also causes Leydig cell maturation and up regulates LH receptor numbers in Leydig cells(Kerr and Sharpe, 1985; Odell, Jacobs and Hescox, 1973).

Other factors involved in the regulation of Hypothalamo-pituitary-gonadal axis include various cytokines and interferons. Pro-inflammatory cytokines like TNF- alfa, IL-1beta, IL-6 are known to negatively inhibit the above axis. Leptin inhibits both testes and hypothalamus. Testosterone which gets aromatized to Oestradiol in adipose tissue has negative feedback to hypothalamo-pituitary-gonadal axis. These interactions are pictorially depicted in fig 2.1 of chapter 2.


Figure 1.2: The hypothalamic-pituitary-testes axis (adapted from EAU guidelines(G.R. Dohle (Chair), 2019)

[image: https://uroweb.org/wp-content/guidelines/Male_Hypogonadism_2019/images/Figure%202-The%20hypothalamic-pituitary-testes%20axis.png]
FSH = follicle-stimulating hormone; GnRH = Gonadotropin-releasing hormone; LH = luteinising hormone.

[bookmark: _Toc78567048][bookmark: _Toc94007695]1.3: Circulating testosterone in blood:

Testosterone once produced in Leydig cells equilibrates rapidly between circulating blood and various target organs due to its lipophilic nature. The identical levels of free testosterone found in saliva and blood substantiates the above fact(Wang et al., 1981). This whole process of leaving Leydig cells and entering the blood stream and target organs happens via passive diffusion.

In circulation, testosterone is available in 3 fractions. Majority of testosterone is bound to Sex-Hormone Binding Protein (SHBG) (50-80%). Another fraction is the Albumin bound fraction contributing to another 20-50%. In males, 1-3% of testosterone is unbound and free. (figure 1.3). SHBG and albumin are synthesized in liver. The free metabolite is then degraded in liver and has a very short half-life of 10-12 minutes.

The testosterone bound to SHBG is not readily available whereas the one bound to albumin easily dissociates releasing the active hormone. The free and albumin bound components together are termed as ‘Bioavailable testosterone’(Pardridge, 1986). Both free testosterone and bioavailable testosterone are better correlated with the end effects of testosterone like on bone and muscle than the total testosterone(van den Beld et al., 2000; Iannuzzi-Sucich, Prestwood and Kenny, 2002).

In clinical practice, the calculated versions of free testosterone and bioavailable testosterone by formulae(Vermeulen, Verdonck and Kaufman, 1999; Morris et al., 2004) are more often used as measurement of the actual free testosterone (ammonium sulfate precipitation method) and bioavailable testosterone (Equilibrium dialysis method) can be time consuming and cost consuming.

Figure 1.3: Circulating Testosterone in blood 


SHBG is a beta-globulin synthesized by liver. SHBG is a transport protein or a carrier protein for testosterone. As mentioned above, free testosterone is actively degraded and has a very short half-life of 10-12 minutes. Hence majority of testosterone is bound to SHBG which is not actively metabolized. The testosterone bound to SHBG is largely inactive. SHBG level hence is a strong predictor of total testosterone in circulation. SHBG is affected in many clinical conditions and hence affects total testosterone levels in circulation. Table 1.1 shows conditions that affect SHBG levels. Of special mention are obesity and insulin resistance which inhibit production of SHBG and hence consequently affecting total testosterone levels too.


Table 1.1: Factors which affect SHBG levels
	Increased SHBG
	Decreased SHBG

	Ageing
Thyrotoxicosis
Anticonvulsants
Smoking 
HIV
Cirrhosis of liver
Thiazoldenediones 
	Insulin resistance
Obesity
Metabolic syndrome
Type 2 diabetes 
Hypothyroidism
Glucocorticoids
Anabolic steroids
Low albumin states
Atorvastatin 
Acromegaly




[bookmark: _Toc78567049][bookmark: _Toc94007696]1.4: Androgen receptors and CAG polymorphism:
The gene on the long arm of X chromosome (Xq 11-12) codes for androgen receptor.  This consists of 8 exons. Out of these 8 exons, exon 1 encodes a polyglutamine stretch which is the site for CAG polymorphism affecting the sensitivity of the androgen receptor(Lubahn et al., 1989). Androgen receptor is a steroid receptor belonging to the superfamily of retinoid, vitamin D and thyroid hormone receptors(Hager, 2000; Owen and Zelent*, 2000). 

The number of CAG repeats in humans varies between 9 and 35. Lesser the number of CAG repeats, higher the sensitivity of the receptor. There is an ethnical variability in the expression of length of the CAG repeats. The repeats are lesser in the Afro-Caribbean (18-20) compared to Caucasians (21-22) and east Asians (22-23). CAG repeats beyond 28 might bear risk of instability of receptor leading to disease causing length(Zhang et al., 1994). 

There seems to be important correlation between CAG repeat length and various genomic actions of testosterone like its action on bone mineral density, prostate size, sperm concentration etc.

[bookmark: _Toc78567050][bookmark: _Toc94007697]1.5: Effects of Testosterone in men:

Testosterone mainly exerts its effect on various organs of the body at various stages of development by either testosterone itself or its active metabolites Dihydrotestosterone and Beta-oestradiol. These effects can be either genomic or non-genomic in nature.

Testosterone plays vital role in early stages of embryonic development and sexual differentiation. Foetal testis produces testosterone which is needed for stabilization of Wolffian ducts, formation of Vas deferens, epididymis and seminal vesicle. These effects are mediated by combination of testosterone and DHT. Absence of 5 alfa reductase results in micropenis emphasizing the importance of DHT in the development of external genetalia including penile length. These effects are genomic in nature and is explained figure 1.4 

During puberty, testicular testosterone levels especially in seminiferous tubules which are 25-100 times more than that in circulation is important in initiating and maintaining spermatogenetic process and to inhibit germ cell apoptosis(Singh, O'Neill and Handelsman, 1995). Hence the administration of exogenous testosterone which reduces the FSH in turn reduces the intracellular testosterone levels results in decreased number of spermatozoa(Sun et al., 1989).













Figure 1.4: Development of the male reproductive system ( adapted from EAU guidelines(G.R. Dohle (Chair), 2019)
[image: https://uroweb.org/wp-content/guidelines/Male_Hypogonadism_2019/images/Figure%201-Development%20of%20the%20male%20reproductive%20system.png]
FSH = follicle-stimulating hormone; LH = luteinising hormone; SRY = sex determining region of the Y chromosome; INSL3= insulin-like peptide 3.


Testosterone is linked to muscle growth and strength and this action is mediated by testosterone and not DHT. Testosterone also enhances bone strength and density through its conversion to another active metabolite namely beta-oestradiol. This is well proved by the fact that oestrogen receptor deficiency or aromatase deficiency causes osteoporosis in spite of normal or high concentrations of testosterone(Carani et al., 1997; Smith et al., 1994). Epiphyseal fusion is also mediated by oestogen.

There is some evidence that Testosterone stimulates bone marrow directly as well as iron incorporation into erythrocytes to cause hemopoiesis and stimulates renal production of erythropoietin too which in turn stimulates hemopoiesis(Rishpon-Meyerstein et al., 1968; Alexanian, 1969; Shahani et al., 2009; Bachman et al., 2010; Beguin, 2003; Reisner, 1966). Hence testosterone deficiency can be associated with iron deficiency anaemia.

The effects of testosterone on prostate development is mediated by DHT. Hence the use of finasteride which blocks the conversion of testosterone to DHT in the treatment if benign enlargement of prostate. 

Testosterone acts on central nervous system in enhancing libido, mood, drive, motivation and emotional state(Hubert, 1990). There is evidence that testosterone also causes aggressive behavior and has effect on spatial cognition and short-term memory.
More recently, it has come to light that testosterone has various metabolic effects and does affect many rate limiting steps of various molecular pathways like glycolysis and lipid metabolism. Testosterone hence affects insulin sensitivity, glycemic control and lipids which are extensively discussed in chapter 2. It’s also known to have effect on inflammatory pathways and endothelial function. Testosterone has effects in oxidative phosphorylation and mitochondrial function.

[bookmark: _Toc78567051][bookmark: _Toc94007698]1.6: Methods of replacement in deficiency:

Testosterone was first synthesized by Ernst Laqueur, Aldolf Butenandt and Leopold Ruzicka who won Nobel prize in chemistry in the year of 1935(Nieschlag and Nieschlag, 2019). However, as early as in the year 1889 Charles Brown-Sequard had reported the rejuvenating effects of self-administered testicular extracts in Lancet(Brown-Séquard, 1889). Over the last 86 years, there has been significant advance in the available preparations for replacement of the hormone in its deficiency and many preparations mimicking the physiological pattern of the hormone.

Many routes of delivery have been tried including oral route, transdermal route, buccal and injectable routes. These preparations hence differ significantly in its pharmacokinetics, benefits and adverse effect profiles. More popularly used preparations currently are injectables and transdermal gels. All forms of exogenous testosterone suppress the hypothalamic pituitary gonadal axis and hence reduces the endogenous production of testosterone. This in turn decreases spermatogenesis and hence causes fertility issues in men. Hence if there are fertility issues, Human chorionic Gonadotropin should be used instead of exogenous testosterone and should be combined with FSH treatment where fertility is indicated.

The summary of some of the available preparations of testosterone replacement therapy, its administration, advantages and disadvantages are listed in table 1.2 below which was published in EAU guidelines on Male hypogonadism(G.R. Dohle (Chair), 2019)


Table 1.2 Testosterone preparations for replacement therapy (borrowed from EAU guidelines on male hypogonadism(G.R. Dohle (Chair), 2019))
	Formulation
	Administration
	Advantages
	Disadvantages 

	Testosterone
undecanoate


	Oral; 2-6 cps 
every 6 h
	Absorbed through the 
Lymphatic system, with
Consequent reduction of
liver involvement

	Variable levels of Testosterone above and below the mid-range.
Need for several doses
per day with intake of fatty food

	Testosterone
cypionate

	Intramuscular;
one injection
every 2-3 weeks

	Short-acting preparation
that allows drug withdrawal
in case of onset of
side effects

	Possible fluctuation of testosterone
levels

	Testosterone
enanthate

	Intramuscular;
one injection
every 2-3 weeks

	Short-acting preparation
that allows drug withdrawal
in case of onset of side effects

	Possible fluctuation of
Testosterone levels

	Testosterone
undecanoate

	Intramuscular;
one injection
every 10-14 weeks

	Steady-state testosterone
levels without fluctuation

	Long-acting preparation
that cannot allow drug
withdrawal in case of
onset of side effects

	Transdermal
testosterone


	Gel or skin
patches; daily
application
	Steady-state testosterone
level without fluctuation

	Skin irritation at the site of
Application and risk of
Interpersonal transfer


	Sublingual
testosterone

	Sublingual; daily
doses

	Rapid absorption and
Achievement of physiological
Serum level of testosterone

	Local irritation

	Buccal
testosterone

	Buccal tablet;
two doses per
day

	Rapid absorption and
Achievement of physiological
Serum level of testosterone

	Irritation and pain at the
site of application

	Subdermal
depots


	Subdermal
implant every 5-7
months
	Long duration
and constant
serum testosterone
level

	Risk of infection
and
extrusion of
the implants




More recently, the oral preparations of testosterone replacement have been revisited again to create a preparation that is well absorbed and doesn’t cause liver toxicity. Historically the oral preparations underwent significant first pass metabolism leading to unpredictable pharmacokinetics and under treatment. This was avoided by alkylation of T at C-17 which would then mean the molecule would be resistant to first pass metabolism in liver(Nieschlag and Nieschlag, 2019) or fatty acid esterification to create T- ester that gets absorbed by intestinal lymphatic system bypassing portal circulation(Shackleford et al., 2003). Oral methyltestosterone has been associated with serious hepatotoxicity.  While oral TU has not been associated with liver toxicity, an early oral TU formulation approved for use in many countries was highly influenced by dietary fat, thus leading to significant intra- and inter-patient variability in T response and questionable clinical utility(Nieschlag et al., 1975). More recently TU was formulated in a unique self-emulsifying drug delivery system that was initially evaluated in short-term clinical studies(Swerdloff et al., 2020; Papangkorn et al., 2021). Now there are two oral TU products (Jatenzo) and (Tlando) which have been shown to be effective and safe in the initial trials and do not carry the risk of hepatotoxicity. Both are not yet available in UK.

[bookmark: _Toc78567052][bookmark: _Toc94007699]1.7: Conclusions:

[bookmark: _Toc78567053]Testosterone plays an important role in improving not only sexual function but also maintaining general wellbeing, bone density and body composition. There is increasing body of evidence in it playing a role in improving insulin resistance and decreasing cardiovascular risk in men. Hence testosterone deficiency both congenital and late onset deficiency should be taken seriously, promptly diagnosed and timely treated. The subsequent chapters will review the current literature around testosterone and its effects on glycemic control, insulin resistance and cardiovascular risk. 
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CHAPTER 2: TESTOSTERONE, GLYCAEMIC CONTROL, INSULIN RESISTANCE AND CARDIOVASCULAR DISEASE IN MEN

[bookmark: _Toc78567054][bookmark: _Toc94007701]2.1: Introduction
World Health Organisation’s statistical fact sheet from September 2011 states that cardiovascular disease (CVD) is the leading cause of death and disability in the world. It is estimated that by the year 2030, almost 23.6 million people will die from CVD mainly heart disease and stroke(WHO Fact sheet No317 september 2011, 2011). Cardiovascular mortality is twice as high in men as in women especially relating to premature death. According to American Heart Association fact sheet 2012, more than one in three adult men has some form of CVD(AHA Fact Sheet, 2012). Obesity, the metabolic syndrome, and type 2 diabetes are major risk factors for CVD which in turn accounts for a significant proportion of morbidity and mortality in the western civilization. The phenomenal rise in obesity rates throughout the world is heavily contributed to by the change in our dietary habits and increasing sedentary lifestyle. A large number of studies in men over the recent past have shown that low testosterone levels correlate significantly with obesity, the metabolic syndrome, type 2 diabetes and CVD. Furthermore, a man with hypogonadism is at a higher risk of developing these metabolic disorders substantiating the bidirectional relationship between low testosterone and insulin resistant states(Stellato et al., 2000a; Haffner et al., 1996; Oh et al., 2002; Laaksonen et al., 2004; Selvin et al., 2007; Kupelian et al., 2006b) . Insulin resistance is the central biochemical abnormality in type 2 diabetes and the metabolic syndrome. Insulin resistance is an intermediary cardiovascular risk factor which contributes to the development of impaired glucose metabolism, dyslipidaemia, hypertension, endothelial dysfunction and inflammation which all independently promote atherogenesis. 

Evidence strongly supports a key role of testosterone in influencing insulin sensitivity, body composition, lipid and cholesterol metabolism, inflammation and vascular reactivity in men(Jones, 2010). Testosterone deficiency is associated with an adverse effect on several classical modifiable cardiovascular risk factors contrary to the common belief that testosterone is ‘bad for heart’. Furthermore, interventional studies have shown an improvement in these cardiovascular risk factors upon treatment with exogenous testosterone. In this review we focus on the effects of testosterone on insulin sensitivity and glycaemic control, cholesterol and other cardiovascular risk factors. The pathophysiological mechanisms linking hypogonadism with body composition, insulin sensitivity and inflammation and the role of testosterone replacement in metabolic syndrome and type 2 diabetes will be explored in detail.

The definitions of metabolic syndrome, type 2 diabetes mellitus and hypogonadism are provided in the Boxes 1,2 and 3 respectively.


	Box 1: Definition of Metabolic Syndrome (Joint statement – issued in 2009)
International Diabetes Federation (IDF), the National Heart, Lung, and Blood Institute (NHLBI), the World Heart Federation, the International Atherosclerosis Society, and the American Heart Association (AHA)
Patients need to have 3 out of 5 criteria to be termed as having Metabolic syndrome

	Elevated waist circumference*                               Population and country specific definitions
Elevated triglycerides(**) (†)                                 ≥1.7 mmol/L
Reduced HDL-C(**) (†)                                         <1.0 mmol/L in males 
                                                                               <1.3 mmol/L) in females
Elevated blood pressure(**)                                   Systolic ≥130 and/or diastolic ≥85 mm Hg
Elevated fasting glucose(**)(‡)                                                         ≥100 mg/dL

	*It is recommended that the IDF cut points be used for non-Europeans and either the IDF or AHA/NHLBI cut points used for people of European origin until more data are available. 
**Drug treatment for elevated levels is an alternate indicator
†The most commonly used drugs for elevated triglycerides and reduced HDL-C are fibrates and nicotinic acid. A patient taking 1 of these drugs can be presumed to have high triglycerides and low HDL-C. High-dose ω-3 fatty acid presumes high triglycerides. 
‡Most patients with type 2 diabetes mellitus will have the metabolic syndrome by the proposed criteria.



	Box 2: WHO definition of diabetes mellitus

	1. Diabetes symptoms (ie polyuria, polydipsia and unexplained weight loss) plus
· a random venous plasma glucose concentration > 11.1 mmol/l 
or 
· a fasting plasma glucose concentration > 7.0 mmol/l (whole blood > 6.1mmol/l) 
or 
· two-hour plasma glucose concentration > 11.1 mmol/l two hours after 75g anhydrous glucose in an oral glucose tolerance test (OGTT).


	2. With no symptoms diagnosis should not be based on a single glucose determination but requires confirmatory plasma venous determination. At least one additional glucose test result on another day with a value in the diabetic range is essential, either fasting, from a random sample or from the two-hour post glucose load. If the fasting or random values are not diagnostic the two-hour value should be used








	Box 3: Definition of Late Onset Hypogonadism (ISA, ISSAM, and EAU recommendations)

	Clinical features of hypogonadism:
· Diminished sexual desire (libido) and erectile quality and frequency, particularly nocturnal erections.
· Changes in mood with concomitant decreases in intellectual activity, cognitive functions, spatial orientation ability, fatigue, depressed mood and irritability.
· Sleep disturbances.
· Decrease in lean body mass with associated diminution in muscle volume and strength.
· Increase in visceral fat.
· Decrease in body hair and skin alterations.
· Decreased bone mineral density resulting in osteopenia, osteoporosis and increased risk of bone fractures.

	Plus biochemical evidence of low testosterone:
· Total testosterone levels above 12 nmol/L (346 ng/dL) or free testosterone levels above 250 pmol/L (72 pg/mL) do not require testosterone substitution. 
· Total testosterone levels below 8 nmol/L (231 ng/dL) or free testosterone below 180 pmol/L (52 pg/mL) require testosterone substitution. 
· Total testosterone between 8 and 12 nmol/L, trials of treatment can be considered in those in whom alternative causes of these symptoms have been excluded. 


[bookmark: _Toc78567055][bookmark: _Toc94007702]2.2: Prevalence of Androgen deficiency in Type 2 DM and Metabolic syndrome

Epidemiological studies have consistently reported a high prevalence of low testosterone levels in men with the metabolic syndrome and type 2 diabetes mellitus compared to the general population(Kapoor et al., 2007a; Ding et al., 2006; Hofstra et al., 2008; Dhindsa et al., 2004; Grossmann et al., 2008). Furthermore, longitudinal population studies have shown that low testosterone and sex hormone binding globulin (SHBG) are independent predictors of the future occurrence of these conditions(Stellato et al., 2000a; Haffner et al., 1996; Oh et al., 2002; Laaksonen et al., 2004). Circulating testosterone has three major fractions – free testosterone (2%), albumin bound (20-40%) and SHBG bound (60-80%). Cross-sectional studies have established that biologically active testosterone fractions (free and bioavailable testosterone) which are independent of SHBG are significantly reduced in states of insulin resistance(Oh et al., 2002; Selvin et al., 2007; Kapoor et al., 2007a; Dhindsa et al., 2004) . Importantly in one study free testosterone was directly measured using equilibrium dialysis the gold standard assay for accurate measurement of this fraction(Dhindsa et al., 2004). These findings dispel concerns that testosterone is low wholly as a factor of reduced SHBG. 

The HERITAGE family study found that low testosterone and SHBG predicted greater visceral fat accumulation on CT scanning and overall obesity(Couillard et al., 2000). These findings were supported by the Tromso study (n=1548) which reported negative independent correlations of testosterone and SHBG with waist circumference(Svartberg et al., 2004). The Quebec Family study reported that the amounts of both subcutaneous as well as visceral fat had a negative correlation with testosterone(Blouin et al., 2005). In a cross-sectional study of 160 men who applied for medical or surgical obesity therapy, participants were assessed for isolated hypogonadotrophic hypogonadism with 57.5% having subnormal total testosterone and 35.6% of the subjects with low free testosterone levels(Hofstra et al., 2008). 

A recent study has shown low testosterone to be more prevalent in men with metabolic syndrome compared to age matched controls(Singh, Goyal and Pratyush, 2011). Total (TT) and calculated free testosterone (cFT), SHBG were lower in men with metabolic syndrome than controls (P<0.001). Low testosterone level was observed in 19 (30%) of men with metabolic syndrome but only 1 (3.1%) of the healthy controls. Men with metabolic syndrome and cFT < 0.225 pmol/l had significantly higher HOMA-IR (a biochemical marker of insulin resistance) than testosterone replete men. 

Our group was the first to assess prevalence of clinical hypogonadism in 355 men with type 2 diabetes(Kapoor et al., 2007a). Overt hypogonadism was defined as the presence of clinical symptoms of hypogonadism and low testosterone levels (total testosterone (TT) <8 nmol/l and/or bioavailable testosterone (BioT) <2.5 nmol/l). Borderline hypogonadism was defined as the presence of symptoms and TT of 8-12 nmol/l or bioT of 2.5-4 nmol/l. Overt hypogonadism was seen in 17% of men with TT <8 nmol/l and 14% with bioT <2.5 nmol/l. Borderline hypogonadism was found in 25% of men with TT of 8-12 nmol/l and bioT between 2.5 and 4 nmol/l; 42% of the men had calculated free testosterone (cFT) <0.255 nmol/l. In another cross-sectional study of 580 men with type 2 diabetes and 69 men with type 1 diabetes, 43 % of men with type 2 diabetes had a reduced TT (<10 nmol/liter), and 57% had a reduced cFT (<0.23 nmol/liter)  and 7% of men with type 1 diabetes had low TT and 20.3% of men with type 1 diabetes had low cFT (<0.23 nmol/liter), similar to that observed in type 2 diabetes (age-body mass index adjusted odds ratio = 1.4; 95% confidence interval = 0.7-2.9)(Grossmann et al., 2008). Another cross-sectional study(Biswas et al., 2012) of 115 men with type 2 diabetes, 93 men with type 1 diabetes and 121 healthy controls reported that 45% and 61% of men with type 2 diabetes had low TT and cFT levels, respectively. TT levels were not lowered in men with type 1 diabetes, but 32% had low cFT. After adjustment for age and waist circumference, only cFT in men with type 2 diabetes (-0.037 nm, 95% CI -0.075 to -0.0003, P = 0.048) remained lowered compared with controls. A study from Nigeria has also shown prevalence of low testosterone levels in type 2 diabetic men as 36%(Ogbera et al., 2011). A meta-analysis by Corona et al(Corona et al., 2011a) confirmed type 2 diabetes patients have significantly lower testosterone plasma levels in comparison with non-diabetic individuals.





[bookmark: _Toc78567056][bookmark: _Toc94007703]2.3: Testosterone, insulin resistance and glycaemic control

[bookmark: _Toc78567057][bookmark: _Toc94007704]2.3.1: Evidence for a bidirectional mechanism from epidemiological studies
Epidemiological studies as described above consistently demonstrate an association of low testosterone in men with obesity, metabolic syndrome and type 2 diabetes(Kapoor et al., 2007a; Ding et al., 2006; Dhindsa et al., 2004; Wang et al., 2011). In an 8 year follow up study the Rancho Bernardo study, low testosterone levels predicted insulin resistance and incident type 2 diabetes in older adults(Oh et al., 2002). Both the Massachusetts Male Aging Study (MMAS, 15year follow up) and NHANES III study have found increases risk of metabolic syndrome and diabetes even in initial non-obese men(Selvin et al., 2007; Kupelian et al., 2006b). The Quebec family study evaluated 130 nonsmoking men and showed that men in upper tertile of testosterone levels had a lower risk of being characterized by 3 or more features of metabolic syndrome (odds ratio =0.24, p<0.04) independent of age(Blouin et al., 2005). Laaksonen et al looked at the association of testosterone and SHBG with development of metabolic syndrome and diabetes in men(Laaksonen et al., 2004). After 11years of follow up, men with total testosterone, free testosterone and SHBG in the lower quartile had increased risk of developing metabolic syndrome ( OR – 2.3, 1.7, 2.8 respectively) and diabetes ( OR  – 2.3, 1.7 and 4.3 respectively) after adjustment for age(Laaksonen et al.). Conversely low testosterone has been shown to be an independent risk factor and a biomarker for the future onset of both the metabolic syndrome and type 2 diabetes(Stellato et al., 2000a; Haffner et al., 1996; Oh et al., 2002; Laaksonen et al., 2004). Furthermore, a well-known consequence of classical hypogonadism is increased fat mass and decreased lean mass. Kinefelter’s syndrome has high prevalence of metabolic syndrome and type 2 diabetes. These established facts support a bidirectional mechanism between testosterone and these conditions.

A recent landmark study – T4DM study looked at effects of intramuscular testosterone undecanoate (nebido) treatment to prevent or revert type 2 diabetes in men enrolled in a lifestyle programme (Wittert et al., 2021). It’s a 2-year randomized controlled trial at 6 Australian centers by Wittert et al and they showed Testosterone treatment for 2 years reduced the proportion of participants with type 2 diabetes beyond the effects of a lifestyle programme. At 2 years, 2-h glucose of 11·1 mmol/L or higher on OGTT was reported in 87 (21%) of 413 participants with available data in the placebo group and 55 (12%) of 443 participants in the testosterone group (relative risk 0·59, 95% CI 0·43 to 0·80; p=0·0007). The mean change from baseline 2-h glucose was −0·95 mmol/L (SD 2·78) in the placebo group and −1·70 mmol/L (SD 2·47) in the testosterone group (mean difference −0·75 mmol/L, −1·10 to −0·40; p<0·0001). The treatment effect was independent of baseline serum testosterone

Low total testosterone was believed to reflect lower SHBG. A landmark study by Dhindsa and colleagues demonstrated that free testosterone measured by equilibrium dialysis was significantly lower in men with type 2 diabetes(Dhindsa et al., 2004). This finding is supported by studies which have reported low levels of measured bioavailable testosterone in type 2 diabetes(Barrett-Connor, 1992; Kapoor et al., 2007a). As these assays are usually only available in research laboratories mathematical equations have been developed to measure both free and bioavailable testosterone based on total testosterone, albumin and SHBG levels(Vermeulen, Verdonck and Kaufman, 1999; de Ronde et al., 2006; Morris et al., 2004). 

The role of SHBG in men with type 2 diabetes has been a major confounding factor in the diagnosis of hypogonadism. However, low SHBG is also itself an independent risk factor for subsequent onset of the metabolic syndrome and type 2 diabetes(Kupelian et al., 2006b; Stellato et al., 2000a). SHBG production is reduced in states of insulin resistance which include obesity, metabolic syndrome as well as type 2 diabetes per se. This may be because insulin is a potent inhibitor of SHBG production from liver(Peiris et al., 1993) and the above conditions have  high circulating level of insulin. However one study has demonstrated an inverse correlation between insulin resistance and serum SHBG levels in 23 type 2 diabetic men that was independent of serum insulin or c-peptide level as well as being  independent of obesity and abdominal fat accumulation(Birkeland et al., 1993). Although there is an overall reduction in SHBG levels in these populations, not all individuals have low levels. Kapoor and colleagues found a wide range of SHBG levels from well below the normal range to levels above the normal range(Kapoor et al., 2007a). The other major factors affecting SHBG levels in this group are age, statin and thiazolidenedione therapy(Stanworth et al., 2009; Kapoor, Channer and Jones, 2008) apart from other well recognized factors which are described in table 1.1(chapter 1).



It is well established that SHBG levels rise with age which may account for the disparity in SHBG levels in the diabetic population. Atorvastatin but not simvastatin is associated with lower SHBG and consequently lower total testosterone in men with type 2 diabetes but does not alter bioavailable testosterone levels(Stanworth et al., 2009). This implies that there is a homeostatic regulation to maintain the appropriate physiological level of biologically active testosterone. The effect of reduction of total testosterone by atorvastatin is dose dependent. The fact that simvastatin does not lower TT significantly is likely to be due to the fact that it is a weaker statin compared to atorvastatin.

Rosiglitazone which reduces insulin resistance by approximately 30% does increase TT and SHBG levels(Kapoor, Channer and Jones, 2008). However, rosiglitazone also increased bioT further indicating that lower total testosterone in men with type 2 diabetes cannot fully be accounted for by the changes in SHBG alone. In one small study of just 10 people, rosiglitazone did reduce total testosterone production (11.04± 2.15 μg/h to 9.44 ± 2.49 μg/h (P < .05) as well as dihydrotestosterone (DHT) levels (72.87 ± 20.82 μg/h to 58.99 ± 17.35 μg/h (P < .05)  in healthy men(Vierhapper and Nowotny, 2003). The study did not measure the SHBG levels or the bioavailable testosterone. A recent meta-analysis of 28 cross sectional studies supported these findings(Corona et al., 2011a). This meta-analysis showed that total testosterone was lower in men with type 2 diabetes (n-1822) compared to controls (n = 10,009) [mean difference -2.99 nmol/lt (95% CI, -3.59 to -2.4)] and the association was independent of age and BMI. The study showed that the SHBG was slightly reduced in type 2 DM subjects consistent with a state of insulin resistance; however, the meta-analysis also showed that measured fT levels were significantly reduced in type 2 diabetes. This confirms that the reduction in the testosterone levels associated with type 2 diabetes cannot be entirely attributed to SHBG decrease. Furthermore a similar association with free testosterone was demonstrated by the NHANES III survey with an odd’s ratio (OR) of prevalent type 2 diabetes being as high as 4.12 ( 95% CI 1.25 to 13.5 p=0.04) in men with the lowest tertile of  calculated free testosterone even after adjusting for other confounding factors such as age, adiposity and ethnicity(Selvin et al., 2007).

[bookmark: _Toc78567058][bookmark: _Toc94007705]2.3.2 Insulin resistance and glycaemic control

Liver, muscle and fat are the major tissues which contribute to the total body insulin sensitivity.  Insulin resistance can be defined as a reduced capacity of the tissues to metabolize glucose and free fatty acids. Excess calorific intake combined with increasing insulin resistance in adipose tissue impairs the ability of free fatty acids to be completely removed from the circulation by adipocytes leading to an overspill into liver, muscle and other non-adipose tissues. Hepatic steatosis and non-alcoholic steatotic hepatitis (NASH), intramyocellular fat in muscle and atherosclerosis are therefore consequences of insulin resistance(Ginsberg, 2000). Insulin resistance therefore forms a key target of therapy for many medications like metformin and thiazolidinediones commonly used in the treatment of type 2 diabetes. 

A low testosterone state is associated with increased insulin resistance and type 2 diabetes in healthy men (Oh et al., 2002; Stellato et al., 2000a; Haffner et al., 1996). The Health in Men (HIM) study showed that lower total testosterone is associated with insulin resistance independently of measures of central obesity in older men(Yeap et al., 2009). 

Testosterone is negatively correlated with insulin resistance and HbA1c(Pitteloud et al., 2005; Mårin et al., 1992; Kapoor et al., 2006).  Several interventional studies including studies from our own group have shown a significant improvement in insulin resistance and glycaemic control with testosterone replacement therapy(Marin, 1995; Simon et al., 2001; Kapoor et al., 2006; Naharci et al., 2007; Jones et al., 2011a). Our group was the first to demonstrate that TRT improved insulin resistance and glycaemic control in hypogonadal men with type 2 diabetes(Kapoor et al., 2006). This finding led to a multicentre European trial the TIMES 2 (Testosterone In MEtabolic Syndrome and type 2 diabetes) study a large (n=220) prospective randomized double-blind placebo controlled study (RCT) in hypogonadal men with type 2 diabetes and/or the metabolic syndrome. Testosterone replacement therapy significantly reduced HOMA-IR by 15.2% at 6 months and 16.4% at 12 months in the total study population and similar results were found for the type 2 diabetic sub-group. This effect of testosterone has a similar efficacy to metformin on insulin resistance which is used as a first line medication in type 2 diabetes but is likely to be additive to metformin as 70% of the type 2 diabetic group were already on metformin. Thiazolidinones improve insulin resistance by 30%. Yet another observational study by Dimitriadis et al(Dimitriadis et al., 2018) showed that in men with obesity-related secondary hypogonadism (including a subgroup with T2D), TU IM therapy improved glycaemic control, beta cell function, and body composition. TU IM therapy resulted in a statistically significant improvement in HbA1C (9 mmol/mol, P = 0.03), and HOMA%B improved by 52% after a mean of 14.8 months treatment.

The mechanisms by which testosterone improves insulin sensitivity has not been fully elucidated however evidence is accruing that testosterone has beneficial effects on carbohydrate and lipid metabolism and glucose uptake in liver, muscle and adipocytes. These effects are presented and discussed in detail later in this review.

Testosterone is well known to influence body composition promoting increased lean mass and suppressing fat mass. Testosterone replacement takes over several weeks to affect body composition in hypogonadal men however changes in insulin sensitivity have been shown to occur as early as 2 weeks after withdrawal of sex steroids in young patients with idiopathic hypogonadotrophic hypogonadism(Yialamas et al., 2007). Body mass index remained unchanged. This suggests that mechanisms controlling insulin sensitivity are more complex involving short term as well as longer term changes. 

Dysregulation of fatty acid metabolism leading to inappropriate lipid accumulation in myocytes, hepatocytes and beta cells is strongly associated with insulin resistance in patients with obesity, diabetes mellitus and impaired glucose tolerance(Boden and Shulman, 2002; McGarry, 2002; Savage, Petersen and Shulman, 2005; Jacob et al., 1999; Petersen et al., 1998; Unger and Orci, 2000). TRT has been shown to significantly decrease hepatic fat accumulation as assessed by CT scanning and increased insulin sensitivity compared to placebo after 18weeks of treatment in 67 obese men with severe obstructive sleep apnoea(Hoyos et al., 2012). This finding suggests that testosterone has a protective effect on the development of hepatic steatosis.

Testosterone inhibits lipoprotein lipase reducing the uptake of triglycerides by adipocytes in vivo in men(Marin, Oden and Bjorntorp, 1995). In addition, men with low testosterone including those with impaired glucose tolerance and type 2 diabetes have impaired muscle mitochondrial oxidative phosphorylation(Pitteloud et al., 2005). This mitochondrial dysfunction will contribute to the degree of insulin resistance. Testosterone may also increase insulin sensitivity by suppressing pro-inflammatory cytokines like TNF -α and interleukin 6 which have been linked to promoting insulin resistance(Hotamisligil, 2003; Malkin et al., 2004a). The actions of testosterone on insulin sensitivity are discussed in more detail towards the end of this review. 

[bookmark: _Toc78567059][bookmark: _Toc94007706]2.3.3: The link between obesity, inflammation and low testosterone

Obesity, adipocytokines and the chronic hypogonadal state all play a complex pathophysiological interaction contributing to a vicious cycle of fat accumulation causing further reduction in testosterone production which in turn promotes additional fat deposition. This multifarous interaction is summarized in figure 2.1.

Figure 2.1: The hypogonadal-obesity-adipocytokine hypothesis (taken from Rao et al(Rao, Kelly and Jones, 2013)
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Testosterone production is regulated by hypothalamic-pituitary-testicular axis. Pulsatile GnRH release stimulates LH and FSH release which then stimulates the testes to synthesize and secrete testosterone. Testosterone has a direct negative feedback on the hypothalamus thereby regulating the axis. Testosterone is metabolized to oestradiol primarily in adipose tissue by the enzyme aromatase which has a higher activity in visceral fat. Oestradiol directly feeds back and inhibits the hypothalamic- pituitary-testicular axis. This effect is supported by the knowledge that aromatase inhibitors and anti-oestrogens such as clomiphene increase testosterone levels in men with secondary hypogonadism(Guay, Bansal and Heatley, 1995; Guay et al., 2003). Furthermore adipocytokines which include the pro-inflammatory cytokines TNF-alpha, IL-6 and IL-1beta and also inhibit testosterone secretion both at the hypothalamic-pituitary and the testicular level(Jones and Kennedy, 1993). Leptin normally stimulates GnRH release however in obesity, where excess leptin is produced from adipocytes, the hypothalamic-pituitary axis becomes resistant to leptin(Mantzoros, 1999; Isidori et al., 1999).  In addition leptin  inhibits the stimulatory action of gonadotropin on Leydig cells of testes and thereby decreasing testosterone production(Isidori et al., 1999).

Kisspeptin is a neuropeptide hormone in the hypothalamus which acts on a G-protein coupled receptor (Kiss 1) to release GnRH and subsequently LH, FSH and testosterone. Kisspeptin plays a key role in the inhibitory effect of oestrogen  on the hypothalamus(Herbison, 1998; Smith, Clifton and Steiner, 2006). Oestrogens and leptin resistance suppress the neuronal kisspeptin response(George, Millar and Anderson, 2010)(George 2010). In animal data, it has been shown that pro-inflammatory agents such as lipopolysaccharide reduce hypothalamic Kiss 1 mRNA expression as well as LH(Iwasa et al., 2008) and these effects are blocked by anti-inflammatory agents such as indomethacin(Iwasa et al., 2008). 

While the above argument is of obesity causing hypogonadism, there is evidence to suggest that the low testosterone state promotes an increase in fat mass through different mechanisms. Testosterone promotes the maturation of pluripotent stem cells toward myocytes whereas testosterone deficiency permits adipocyte production(Singh et al., 2003). This action is mediated through activation of TCF-4 (T-cell-specific transcription factor4) by translocation of an androgen receptor –beta- catenin complex into the nucleus which down regulates the adipogenic transcription factors(Singh et al., 2006). Testosterone inhibits lipoprotein lipase and thereby decreasing adipogenesis and increasing lipolysis through beta-adrenergic receptors(Singh et al., 2002). Lipoprotein lipase catalyses the extracellular component of the circulating triglycerides to free fatty acids facilitating their uptake into the adipocyte where they are then converted back to triglycerides and stored within the cell. Lack of inhibition of lipoprotein lipase by testosterone facilitates free fatty acid uptake and triglyceride storage which in turn promotes adipocyte maturity. 

The sensitivity of the androgen receptor is affected by the CAG repeat polymorphism in exon 1 of the gene. The lower the number of CAG repeats the greater the sensitivity of the androgen receptor. Men with type 2 diabetes with  a higher number of CAG repeats  have greater waist circumference, BMI, serum leptin and systolic blood pressure(Stanworth et al., 2008). Hence more studies are required to ascertain the relationship between CAG repeats and the development of obesity.

This complex interplay of adipocytokines, immune system, obesity and low testosterone state is described by the Hypogonadal-Obesity-Adipocytokine hypothesis(Jones, 2007) which is an extension of Cohen’s hypothesis of Hypogonadal-Obesity cycle(Cohen, 1999). In the early stages of the development of obesity homeostatic mechanisms compensate to maintain testosterone production which may especially be more efficient in the younger male however a ‘Tipping Point’ is reached where these mechanisms cannot correct the imbalance and a state of hypogonadism ensues. The vicious cycle of increasing obesity and lower testosterone persists with the consequent increase in insulin resistance and therefore heightened risk of developing the metabolic syndrome, pre-diabetes and type 2 diabetes.

[bookmark: _Toc78567060][bookmark: _Toc94007707]2.4: Testosterone and Dyslipidaemia:

Dyslipidaemia is common place in diabetes and its management is critical to improving cardiovascular outcomes. Elevated total cholesterol and LDL cholesterol are not included in the diagnosis of the metabolic syndrome whereas low HDL-cholesterol and hypertriglyceridaemia are contained in the definition. Testosterone status does affect the various components of lipid profile through many mechanisms(Kelly and Jones, 2013a) and this has been discussed below.

[bookmark: _Toc78567061][bookmark: _Toc94007708]2.4.1: Total and LDL cholesterol:
Endogenous testosterone has been shown to correlate negatively with both total and LDL cholesterol (Barud et al., 2002; Simon et al., 1997; Makinen et al., 2008; Barrett-Connor and Khaw, 1988; Barrett-Connor, 1992; Haffner et al., 1993) and hence hypogonadal men may be at greater risk of hypercholesterolemia. A meta-analysis concluded that testosterone therapy did not have any effect on LDL cholesterol however there was a significant reduction in overall total cholesterol and was more pronounced in hypogonadal men.(Isidori et al., 2005a). A major limitation of this meta-analysis was the heterogeneity of the RCTs included with respect to the dose, duration and the preparation of testosterone used. In two more recent larger RCTs, not included in the meta-analysis, a decrease in both total cholesterol and LDL-C in 161 men with late onset hypogonadism was noted and in 220 men with metabolic syndrome and/or type 2 diabetes(Permpongkosol, Tantirangsee and Ratana-olarn, 2010; Jones et al., 2011a). TRT consistently results in decreased levels of total cholesterol in patients with metabolic syndrome and type 2 diabetes(Kalinchenko et al., 2010b; Jones et al., 2011a). 

[bookmark: _Toc78567062][bookmark: _Toc94007709]2.4.2: HDL cholesterol:

Testosterone levels correlate positively with HDL-cholesterol in cross-sectional studies of healthy men and those with type 2 diabetes(Van Pottelbergh et al., 2003; Stanworth et al., 2011). Interventional studies with TRT have reported conflicting effects on HDL-cholesterol.  The differences may be accounted for by the length of the study, testosterone preparation, age and chemically induced hypogonadism and those with natural causes. A meta-analysis showed that testosterone did not have an overall significant effect on HDL cholesterol(Isidori et al., 2005b). A reduction in HDL-C was seen in studies where pre-treatment testosterone levels were higher(Isidori et al., 2005b). The magnitude of decrease in HDL-C was lower where testosterone esters were used compared to other preparations. Testosterone as described above has a suppressive effect on lipoprotein lipase. This enzyme is involved in HDL –C production from VLDL and hence this contributes to low levels of HDL-C upon treatment with testosterone(Kirkland et al., 1987; Zmuda et al., 1993; Kekki, 1980). Langer et al have suggested that testosterone decreases HDL-C by intensifying reverse cholesterol transport thereby enabling HDL-C to remove excess cholesterol from the arterial wall and transport it to the liver for disposal leading to increased HDL-C catabolism(Langer et al., 2002). If this is the case then this effect is more beneficial than detrimental in the process of atherosclerosis prevention. 

Further the length CAG repeats in the androgen receptor gene also has a relationship with HDL- Cholesterol. In men with diabetes, lower the length of CAG repeats, lower the HDL levels and vice versa(Stanworth et al., 2011).

In summary the current data surrounding testosterone and HDL is conflicting and therefore remains controversial. Some studies have shown that testosterone decreases HDL-C(Bagatell et al., 1994; Rossouw et al., 2002) while other studies have not(Zgliczynski et al., 1996; Uyanik et al., 1997). Supplementation of testosterone in testicular feminized mouse which has low testosterone and an insensitive androgen receptor demonstrated an increase in HDL-C significantly compared to controls(Nettleship et al., 2007).
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Hypertriglyceridemia has been associated with development of cardiovascular disease especially in the diabetic population(Scott et al., 2009; ørgen Jeppesen et al., 1998; Hokanson and Austin, 1996). In castrated cholesterol-fed male rabbits, serum triglyceride levels were significantly lower in the testosterone treated group compared to the placebo(Alexandersen et al., 1999).In a study of 1619 middle aged men with hypogonadal symptoms, low testosterone was associated with raised triglycerides(Makinen et al., 2008). A prospective observational study of 1438 hypogonadal men treated with long acting intramuscular testosterone undeconoate reported significant reduction in non-fasting triglyceride levels from baseline(Zitzmann et al., 2012). Some interventional studies have shown a decrease in triglycerides after testosterone replacement therapy(Jones et al., 2011a; Heufelder et al., 2009) however the majority of interventional studies and randomized double blinded studies have not showed a difference in either fasting or postprandial serum or chylomicron triglyceride between testosterone treated and placebo groups(Agledahl, Hansen and Svartberg, 2008). 

2.4.4: Lipoprotein(a):

Lipoprotein(a) (Lp(a); lipoprotein little a) is a powerful independent risk factor for the development of coronary atherosclerosis(Rosengren et al., 1990). Testosterone replacement therapy significantly suppresses Lp(a) in hypogonadal men with (TIMES2) and without type 2 diabetes/metabolic syndrome(Zmuda et al., 1996; Jones et al., 2011a) .  Whether or not reducing Lp(a) levels in men lowers cardiovascular risk and ultimately morbidity and mortality is unknown.

The net influence of testosterone on cardiovascular outcome due to its differential effect on various subclasses of the lipid profile still remains difficult to elucidate. 

[bookmark: _Toc78567064][bookmark: _Toc94007711]2.5: Testosterone and Cardiovascular disease:
[bookmark: _Toc78567065][bookmark: _Toc94007712]2.5.1: Testosterone and Blood pressure:

Studies have shown inverse relationship between testosterone levels and blood pressure(Phillips et al., 1993; Fogari et al., 2002; Khaw and Barrett-Connor, 1988; Hughes, Mathur and Margolius, 1989).

Some interventional studies have shown a reduction in blood pressure especially diastolic blood pressure. Marin et al(Mårin et al., 1992) showed a decrease in diastolic pressure after 8 months of treatment with transdermal testosterone patches. Rebuffe-Scrive(Rebuffé-Scrive, Mårin and Björntorp, 1991) reported a 5 mm of Hg drop in diastolic blood pressure in their study. The decrease in diastolic blood pressure may be due to the direct vasodilatory effect of testosterone on arteries which is discussed more in detail in the next section. Phillips et al(Phillips et al., 1995) also reported that low testosterone to oestrogen ratio activates renin-angiotensin system which may be contributing to the effect as well.

Whilst such reduction in both systolic and diastolic blood pressure has been seen in some studies(Anderson, Francis and Faulkner, 1996; Mårin et al., 1992; Zitzmann and Nieschlag, 2007; Kalinchenko et al., 2007), various other studies showed no significant changes after testosterone treatment(Gopal et al., 2010; Boyanov, Boneva and Christov, 2003; Kapoor et al., 2006; Jones et al., 2011a). Also, more recently, some phase 3 studies have demonstrated that testosterone can increase blood pressure and these are all new oral testosterone agents and are not yet licensed to be used in UK(Swerdloff et al., 2020). It’s prudent to note that the self-administered anabolic steroids in supraphysiological dose however causes ill effects including hypertension(Kuipers et al., 1991; Sullivan et al., 1998; Lenders et al., 1988; Ebenbichler et al., 2001) and hence unsafe. 

Most studies however have measured blood pressure using sphygmomanometer which may not be true reflection of patient’s blood pressure in their own environment. There are only a handful of studies that have looked at effect of testosterone on 24- hour ambulatory blood pressure(Høst et al., 2019; Shahid et al., 2020; Swerdloff et al., 2020). As far as we know there is no study in the literature which has looked at the effect of testosterone on 24-hour ambulatory blood pressure in a cohort which has hypogonadism and type 2 diabetes.

[bookmark: _Toc78567066][bookmark: _Toc94007713]2.5.2: Testosterone and Vascular effects:

Androgens seem to have effects on multiple cardiovascular risk factors like visceral obesity, insulin resistance, lipids and inflammatory cytokines all of which contribute towards progression of atherosclerosis. Testosterone has multiple effects on vasculature which is well described(Kelly and Jones, 2013b). It is now recognized that androgens also have direct effects on vascular structure. Testosterone seems to exert direct vasodilator action on the coronary arteries which is mediated through vascular smooth muscle by causing a blockade of L type calcium channels and activating potassium channels.(English et al.; Scragg et al.; Hall et al.; Perusquia et al.; Lafayette et al.; Ding and Stallone; Tep-areenan, Kendall and Randall). Testosterone also induces vasodilatation through androgen receptor mediated activation of endothelial derived mediators such nitric oxide (NO) and other vasodilator peptides(Yu et al.). However, in one study, endothelial dependent vasodilatation was reported to be reduced in hypogonadal men and TRT further decreased the vasoreactivity(Zitzmann, Brune and Nieschlag). In contrary brachial artery vasoreactivity increased in men with coronary artery disease after long term substitution with testosterone in another study(Kang et al.). 

Studies have demonstrated that Carotid artery Intima -Media Thickness (CIMT) an in-vivo surrogate marker of atherosclerosis. Muller et al showed that low free testosterone   negatively correlates with CIMT in elderly men independent of other cardiovascular risk factors(Muller et al.). This inverse relationship between testosterone levels and intima media thickness exists both in healthy men as well as in men with type 2 diabetes (Svartberg et al.; Makinen et al.; Demirbag et al.; Fukui et al.). Furthermore, a 4 year follow up study showed that those men with lower testosterone levels leads to greater progression of the thickness of the CIMT, i.e. worsening of in vivo atherosclerosis(Muller et al.). However, there is a lack of randomized control trial looking at this relationship between CIMT and testosterone therapy and comparing it with placebo.

Endothelial dysfunction is considered to be one of the key process which leads to atherosclerosis. Circulating Progenitor Cells (PCs) and Endothelial Progenitor cells (EPCs) helps in repairing the damaged endothelium and restoring the endothelial function and hence are considered to be atheroprotective. Low testosterone is an independent predictor of the endothelial dysfunction (Akishita et al.; Empen et al.). Foresta et al showed that there is a significant decrease in the circulating PCs and EPCs in patients with secondary hypogonadism compared to controls(Foresta et al.). Further in their study, they also demonstrated and an increase in the number of PCs and EPCs after 6 months of testosterone gel therapy.

[bookmark: _Toc78567067][bookmark: _Toc94007714]2.5.3: Testosterone and Cardiovascular events (MACE):

The relationship between testosterone and cardiovascular disease is complex to say the least. There seem to be a ‘U’ shaped curve when it comes to testosterone and cardiovascular events – both testosterone deficiency and supraphysiological levels of testosterone are detrimental to cardiovascular health in men whereas normal levels of testosterone seems to lower the cardiovascular risk. This scene is further complicated by a few studies published in the recent past showing that testosterone had adverse cardiac outcome(Vigen et al., 2013; Finkle et al., 2014; Basaria et al., 2010). However, these studies were flawed in its design and for many other reasons(Hwang and Miner, 2015). Another metanalysis of 27 small trials(Xu et al., 2013) in the elderly population showed Testosterone therapy increased the risk of a cardiovascular-related event (odds ratio (OR) 1.54, 95% confidence interval (CI) 1.09 to 2.18). The effect of testosterone therapy varied with source of funding (P-value for interaction 0.03), but not with baseline testosterone level (P-value for interaction 0.70). In trials not funded by the pharmaceutical industry the risk of a cardiovascular-related event on testosterone therapy was greater (OR 2.06, 95% CI 1.34 to 3.17) than in pharmaceutical industry funded trials (OR 0.89, 95% CI 0.50 to 1.60). These above-mentioned studies successfully created controversy and made clinicians nervous about using TRT especially in patients with pre-existing cardiovascular disease. To counter balance the anxiety there are many studies discussed below and a detailed systematic review and metanalysis done by Corona et al which showed the beneficial effects of testosterone replacement therapy(Corona et al., 2014b).

Yeap et al(Yeap et al., 2014) demonstrated endogenous testosterone in optimum levels was associated with decreased all-cause mortality. Similar findings were also demonstrated by our group(Muraleedharan et al., 2013). The MroS study from Sweden demonstrated testosterone in upper quartile of normal reference range decreased the risk of cardiovascular events in elderly men(Ohlsson et al., 2011a). Sharma et al(Sharma et al., 2015) in their large retrospective study of 83010 men with low testosterone levels, showed that normalization of testosterone levels in treated men was associated with decreased incidence of myocardial infarction and mortality but men treated with TRT where normalization wasn’t achieved showed no such benefits. Other retrospective studies have shown similar findings(Cheetham et al., 2017; Baillargeon et al., 2015). Anderson et al (Anderson et al., 2016)also showed men treated to normal testosterone levels had significantly reduced MACE (major adverse cardiovascular events) and death compared to low or high testosterone. A registry study by Maggi et al (RHYME study) showed testosterone treatment was not associated with increased risk of adverse CV events(Maggi et al., 2016a). Corona et al did a metanalysis(Corona et al., 2014b) of all the available RCTs and found no association of testosterone treatment with cardiovascular disease which was very reassuring  and similar findings were reported again in their subsequent metanalysis in 2017 too(Corona et al., 2017a). Further to this The European Medicines Agency (EMA) has stated ‘The Co-ordination Group for Mutual Recognition and Decentralised Procedures - Human (CMDh), a regulatory body representing EU Member States, has agreed by consensus that there is no consistent evidence of an increased risk of heart problems with testosterone medicines in men with hypogonadism(G.R. Dohle (Chair), 2019).
However, there are no large RCTs powered to look at the cardiovascular outcomes of testosterone therapy especially the long-term effects. There is a severe paucity or gap in the literature and we call for more research trials to be done in this controversial but important area of TRT effects.

[bookmark: _Toc78567068][bookmark: _Toc94007715]2.5.4: Testosterone and Cardiovascular mortality:

The majority of community based longitudinal population studies as discussed below have shown that low testosterone is associated with increased all-cause mortality and cardiovascular mortality. A recent large population study (n=2416, MrOS) has reported that men in their higher quartile of testosterone levels have a reduced number of cardiovascular events when compared to the lower quartiles combined with a median follow up period of 5 years(Ohlsson et al., 2011b). However, three recent meta-analyses found no association of hypogonadism with CV events(Corona et al., 2011b; Ruige et al., 2011; Araujo et al., 2011). A review of cross sectional studies have either shown a positive or neutral association of existing CVD with low testosterone(Jones et al., 2005). Although the evidence for a link between low testosterone and CVD is controversial and some studies have shown conflicting outcomes the majority of evidence supports an association in regard to endogenous testosterone status. Erectile dysfunction which can be one of the common symptoms of hypogonadism is termed to be an independent predictor of subsequent atherosclerotic cardiovascular events(Chew et al., 2010; Jackson et al., 2010). ED is also significantly associated with increased all-cause mortality, primarily through its association with CVD mortality(Araujo et al., 2009). Low level of testosterone was associated with significant increase in 6-month all-cause mortality in geriatric population even after correcting for other co-morbidities(Shores et al., 2004). The same group evaluated mortality and low levels of testosterone in 850 male veterans more than 40 years of age. Mortality in men with normal testosterone levels was 20.1% (95% confidence interval [CI], 16.2%-24.1%) vs 24.6% (95% CI, 19.2%-30.0%) in men with equivocal testosterone levels and 34.9% (95% CI, 28.5%-41.4%) in men with low testosterone levels(Shores et al., 2006a).  The Epic–Norfolk study investigated endogenous testosterone levels and all cause and CV mortality in 11606 healthy men between ages of 40 and 79 years over a 6-10 year follow up period(Khaw et al., 2007). There was a significant association between baseline testosterone level and all-cause mortality, cardiovascular mortality and cancer related deaths (p<0.001) for each association after correcting for other co-morbidities. An increase of 6 nmol/L serum testosterone (approximately 1 SD) was associated with an approximate 14% risk reduction in mortality over the study period. In a longitudinal follow up study, 930 men with angiographically proven CAD were followed up for 7 years(Malkin et al., 2010). The overall prevalence of biochemical testosterone deficiency in the coronary disease cohort using bio-available testosterone (bio-T) <2.6 nmol/l was 20.9%, using total testosterone <8.1 nmol/l was 16.9% and using either was 24%. The mortality in testosterone deficient group was 21% compared to 12% in eugonadal group. A recent meta-analysis showed that lower testosterone and higher E2 levels correlate with increased risk of CVD and CV mortality. TRT in hypogonadism moderates metabolic components associated with CV risk. Whether low testosterone is just an association with CV risk, or an actual cause–effect relationship, awaits further studies. Alternatively, low testosterone may indicate a poor general health(Ruige et al., 2011). Similar findings are reflected by yet another meta-analyses(Araujo et al., 2011).

Two retrospective studies have evaluated the effect of testosterone replacement in hypogonadal men on mortality(Shores et al., 2006a; Muraleedharan, Marsh and Jones). A cohort of 1031 male veterans aged more than 40 years were followed for up to 4 years(Shores et al., 2006a). TRT was given to 39% of patients as part of routine care whereas the remaining population did not receive any treatment. Mortality was significantly reduced in the TRT group (10.3%) compared to the untreated group (20.7%). Similar findings were observed during a 6 year follow up study of 581 men with type 2 diabetes(Muraleedharan, Marsh and Jones). Mortality was 9% in men with a TT > 10.4 nmol/l, 177.2% in untreated men (TT<10.4 nmol/l) and 8.4% in men receiving TRT. Although these are observational studies and not RCTs their findings do suggest that TRT may improve survival in hypogonadal men.

[bookmark: _Toc78567069][bookmark: _Toc94007716]2.6: Testosterone Replacement Therapy - Intervention studies:

There have only been a few randomized placebo-controlled trials performed in hypogonadal men with either/or type 2 diabetes and metabolic syndrome. These studies however have been supported by two non-placebo trials and two prospective observational studies. The results of such studies have been summarized in table 2.1. 
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Table 2.1: Effects of testosterone on glycemic control and other cardiovascular risk factors 

	Ref
	Age
(yrs)
	n
	Diagnosis
	Mean Baseline 
TT (nmol/l)
	Mean Baseline HbA1c (%)
	T Rx

	Rx duration
(wks)
	Effect on HbA1c
(%)
	Other positive outcomes

	Boyanov(Boyanov, Boneva and Christov, 2003)
	57
	48
	T2D
	9.6
	7.3
	TU oral 120mg/d
	12
	-1.8
(p<0.05)
	↓BW, ↓WHR, ↓%body fat

	Kapoor (Kapoor et al., 2006)
	64
	24
	T2D
	8.6
	7.3
	TE im 200mg 2 weekly
	12
	-0.37
(p<0.05)
	↓ IR, ↓BW, WHR, %Body fat, ↓TC &Leptin

	Gopal(Gopal et al., 2010) 

	44
	22
	T2D
	10.1
	7.0
	TE im 200mg 2 weekly
	12
	NS
	none

	Hackett(Hackett et al., 2014a)

	62
	190
	T2D
	9.1
	7.6
	TU im 1000mg 12 weekly
	30****

	-0.42%**
(p<0.05)
	↓WC &TC

	Jones(Jones et al., 2011a) 
	60
	220
	T2D and /or MetS
	9.4
	7.3*
	Transdermal T 60mg/d
	26
	-0.4*
(p<0.05)
	↓ IR, WC & %body fat
↓ TC, LDL-C, Lp(a)
↓HDL-C at 6mths, no difference at 12mths

	Ref
	Age
(yrs)
	n
	Diagnosis
	Mean Baseline 
TT (nmol/l)
	Mean Baseline HbA1c (%)
	T Rx

	Rx duration
(wks)
	Effect on HbA1c
(%)
	Other positive outcomes

	Heufelder(Heufelder et al., 2009) 
	57
	32
	Newly diagnosed T2D and MetS
	10.5
	7.5
	Transdermal T 50mg/d
	52
	-0.8
(p<0.05)
	↓ IR, WC &TG
↑ HDL-C,CRP, PAI-1

	Kalinchenko(Kalinchenko et al., 2010b)
	71
	184
	MetS
	6.7 – TRT group
7.5 – placebo group
	ND
	TU im 1000mg 12 weekly
	30
	Not checked
	IR, WC, BMI, leptin, CRP, TNF, IL-1

	Zitzmann(Zitzmann et al., 2012)
	49



	1493
	Hypogonadal men
	9.6
	7.9
	TU im 
	36-52
	-1.1
(p<0.0001)
	↓WC, ↓TG, TC, LDL-C, ↓ BP
↑ HDL-C

	Bhattacharya(Bhattacharya et al., 2011)
	52
	581
	Men on Testim registry 
(213 had Mets at baseline)
	Men with Mets – 9.0
Men without Mets – 10.9
	Not checked
	Transdermal T 5-10g/d
	52
	Not checked
	↓FBS, ↓ WC, ↓ BP

	Aversa(Aversa et al., 2010)
	58
	50
	 MetS
	8.3
	5.7
	TU im 1000mg 12 weekly
	52
	-1.1
(p<0.05)
	↓ IR, WC&CRP

	Ref
	Age
(yrs)
	n
	Diagnosis
	Mean Baseline 
TT (nmol/l)
	Mean Baseline HbA1c (%)
	T Rx

	Rx duration
(wks)
	Effect on HbA1c
(%)
	Other positive outcomes

	Groti(Groti et al., 2018)



	
	55
	Hypogonadal men with type 2 diabetes
	
	
	TU im 1000mg 10 weekly
	52
	-0.94
(p<0.001)
	↓ HOMA-IR
↑ FMD

	Dhindsa(Dhindsa et al., 2016)



	54
	94
	Hypogonadal and eugonadal men with Type 2 DM 
	252 ng/l – hypogonadal group
485 ng/l- eugonadal group
	7
	Testosterone im 250 mg 2 weekly
	24
	NS
	↑ IS ↓ GIR
↓ Sub cut fat mass
↑ Lean mass
↓ FFA, CRP, IL-1, TNF-,Leptin

	*patients with type 2 diabetes only
** Patients with poorly controlled diabetes (baseline HbA1c >7.5%)
****and further 52 wks open labeled
NS – Not significant, T2D – type 2 Diabetes, MetS – metabolic syndrome, TT – total testosterone, IR – Insulin resistance, WC – Waist circumference, BW-body weight, WHR –waist hip ratio, TG- triglycerides, TC – total cholesterol, CRP – c reactive protein, HDL-C – High density lipoprotein-cholesterol, TE – Testosterone esters, TU – testosterone Undecanoate, ND -not done, FMD- flow mediated dilation of arteries, FFA- Free fatty acids, GIR – Glucose infusion rate, HOMA-IR Homeostatic Model assessment of insulin resistance.






The first double blind randomized placebo-controlled add-on crossover trial demonstrated that testosterone replacement in hypogonadal men with type 2 diabetes improved insulin resistance and glycaemic control(Kapoor et al., 2006).  Subjects (n=24) were treated with intramuscular testosterone 200mg every 2 weeks or placebo for 3 months followed by a washout period of one month before the alternate treatment phase. Testosterone therapy led to a significant decrease on HOMA-IR (-1.73 +/- 0.67, p=0.02), fasting blood glucose (−1.58 ± 0.68 mmol/l, P = 0.03), HbA1c (-0.37 +/- 0.17%, p=0.03), total cholesterol (−0.4 ± 0.17 mmol/l, P = 0.03) and waist circumference (Kapoor et al., 2006). 

The TIMES 2(Jones et al., 2011a) study is the largest multicentre placebo controlled RCT (n=220) which examined at the effect of 2% transdermal testosterone gel on insulin resistance, glycaemic control and other cardiovascular risk factors over a 12 month treatment period where no changes in hypoglycaemic or lipid-lowering medication allowed in the first 6 months, in hypogonadal men with type 2 diabetes and/or metabolic syndrome. At the end of phase 1 (6 months), serum TT values in the treated population had increased by 19.0± 22.1 nmol/l with TRT versus 0.1± 2.9 nmol/l in placebo group (p<0.001). Testosterone therapy reduced HOMA–IR in the overall population by 15.2% at 6 months (p =0.018) and 16.4% at 12 months (p =0.006) and those with type 2 diabetes only. In patients with type 2 diabetes, glycaemic control was significantly better in the testosterone treated group compared to placebo group at 9 months (-0.446%, p=0.035) although after 6 months alterations in medications were allowed. No change in HOMA-B (measure of insulin secretion) was observed. Total and LDLcholesterol (despite many patients being treated with statins), and Lp(a) decreased with a small fall in HDLcholesterol at 6 months which became non-significant after 12 months.

The Moscow study (n=184) was a placebo controlled RCT of intramuscular injection of long acting testosterone undeconoate in hypogonadal men with metabolic syndrome(Kalinchenko et al., 2010b). This trial found a significant reduction in HOMA-IR, waist circumference, BMI, leptin, inflammatory cytokines (Il-1, TNF, and CRP) but no changes in the lipid profile. 

The BLAST study(Hackett et al., 2014a) is a randomized control trial conducted in primary care settings. Patients were randomized to either receive testosterone undecanoate or placebo for 24 weeks (n=190). There was a significant reduction in HbA1c in the testosterone treated group compared to the placebo arm at 18weeks and 30 weeks. The reduction in HbA1c was greater in the poorly controlled diabetes group where the baseline HbA1c was more than 7.5%. (0.42% at 30 weeks and 0.72% after further 52 weeks open label medication). In all of the above studies, HbA1c was not the primary outcome and hence more research is needed in the area to understand the effects of testosterone on glycaemic control.

Dhindsa et al(Dhindsa et al., 2016) in their study of 44 hypogonadal men (free T concentrations <5ng/dl with normal or low LH) were randomized to receive intramuscular testosterone or placebo (saline) every 2 weeks for 24 weeks. Hyperinsulinaemic – euglycemic clamps were performed to measure insulin sensitivity which is a gold standard way of measurement of insulin sensitivity. Glucose infusion rate increased by 32% after 24 weeks of testosterone therapy but did not change after placebo (P = 0.03 for comparison). HOMA -IR decreased significantly in the testosterone group(p=0.03) compared to placebo group. There was a decrease in subcutaneous fat mass (−3.3 kg) and increase in lean mass (3.4 kg) after testosterone treatment (P < 0.01) compared with placebo as well.

More recently Groti et al(Groti et al., 2018) looked at fifty-five obese hypogonadal diabetic males on oral hypoglycemic treatment were enrolled into this one-year, double-blind, randomized, placebo-controlled clinical study. Group T (n = 28) was treated with testosterone undecanoate (1000 mg i.m. every 10 weeks) while group P (n = 27) received placebo. TRT resulted in reduction of HOMA-IR by 4.64 ± 4.25 (p < .001) and HbA1c by 0.94 ± 0.88% points (p < .001). The key thing to note here is that no patient was on insulin.

The first study to investigate the hypothesis that testosterone improves glycaemic control was Boyanov et al(Boyanov, Boneva and Christov, 2003). They looked at 48 middle aged men with type 2 diabetes, symptoms of androgen deficiency and low testosterone levels. This was an open labeled study with 24 subjects receiving testosterone undeconoate orally and other 24 receiving no treatment for 3 months. There was a significant improvement in HbA1c from 10.4% to 8.6% along with improvement in other parameters like body weight, waist hip ratio and percentage body fat. However, the study was not blinded and hence there was no placebo group. Heufelder and co-workers looked at the effect of transdermal testosterone with supervised diet and exercise on patients with hypogonadism, metabolic syndrome and newly diagnosed diabetes mellitus(Heufelder et al., 2009). No glucose lowering agents were administered prior to or during the study. There was significant improvement in HbA1c (-0.8%. p<0.001) in the group that received testosterone along with diet and exercise compared to the group which received diet and exercise. All the patients who received testosterone attained HbA1c <7% and 87.5% achieved HbA1c below 6.5%. There was also significant improvement in HOMA-IR, adiponectin and hsCRP. A study from India however did not show any significant improvement in HbA1c or HOMA –IR. This study looked at 22 men with type 2 diabetes and subjects in the study were very lean with a mean baseline body mass index of 24(Gopal et al., 2010)

The TriUS (Testim Registry In United States) study was a 12 month multicenter prospective observational study (n=849) of hypogonadal men on 1% testosterone gel. 37% of patients had metabolic syndrome at baseline(Bhattacharya et al., 2011). After 12 months of testosterone therapy, metabolic syndrome patients showed a significant decrease in fasting plasma glucose, waist circumference and blood pressure. IPASS (International multicentre one-Arm Prospective observational Post Surveillance Study) was a large (n=1438) hypogonadal men of which 14% had type 2 diabetes were followed for up to 12 months. A sub-analysis of 60 men with uncontrolled diabetes as defined by a HbA1c>6.1% (mean HbA1c 7.9%) demonstrated a mean fall of HbA1c of 1.1% after 12 months(Zitzmann et al., 2012).

Yet another recent 11 year follow up registry study(Haider et al., 2020) of 356 symptomatic men with testosterone levels  ≤12.1 nmol/L showed significant progressive and sustained reductions in fasting glucose, glycated haemoglobin (HbA1c) and fasting insulin over the treatment period. Among the patients treated with testosterone (parenteral testosterone undecanoate 1000 mg every 12 weeks following an initial 6‐week interval) 34.3% achieved remission of their diabetes and 46.6% of patients achieved normal glucose regulation. Of the testosterone‐treated group, 83.1% reached the HbA1c target of 47.5 mmol/mol (6.5%) and 90% achieved the HbA1c target of 53.0 mmol/mol (7%). In a recent meta-analysis by Corona et al(Corona et al., 2016), TRT was associated with a significant reduction of fasting plasma glucose, homeostatic model assessment index, triglycerides, and waist circumference. In addition, an increase of high-density lipoprotein cholesterol was also observed.

[bookmark: _Toc94007717]2.7: Testosterone and Body composition

Testosterone is an anabolic hormone. Many studies have shown that androgen deprivation decreases lean body mass and increases the total body fat mass. (Galvao et al.; Khaw and Barrett-Connor; Marin and Arver; Vermeulen, Goemaere and Kaufman).In a study of 70 patients with Klinefelter’s syndrome (KS) and age matched controls, there was significant increase in both truncal fat (34% vs. 17.6%, p<0.0001) and waist circumference (109cms vs. 92cms, p<0.0001) in patients with KS. (Bojesen et al.) Similar findings were seen in another study in patients with KS conducted by Aksglaede et al(Aksglaede et al.).  Another physiological model of hypogonadism that has been studied is patients on GnRH agonist therapy for prostate cancer. The volume of both total and visceral fat was significantly increased upon androgen deprivation in a Japanese study.(Torimoto et al.) Similar such evidence is also present in patients with AIDS wasting syndrome and low testosterone (Bhasin et al.; Grinspoon et al.) and a meta-analysis including these two studies showed and positive outcome on the body composition upon androgen treatment.(Bhasin et al.). 

Increase in fat mass especially visceral adipose tissue is closely associated with metabolic syndrome and insulin resistance. Conversely, hypogonadism is also common in patients with metabolic syndrome(Corona et al.). There exists a negative relationship between body fat mass (Vermeulen, Goemaere and Kaufman; Simon et al.) and testosterone especially abdominal fat tissue (Khaw and Barrett-Connor; van den Beld et al.). 

Several interventional studies have shown that the testosterone therapy has a favorable outcome on body composition which has been described in table 2.2. In a study by Sinclair et al(Sinclair et al., 2016) which was a RCT in 101 men with established cirrhosis and low testosterone (TT< 12 nmol/L or free testosterone < 230 pmol/L) appendicular lean mass was significant higher in testosterone-treated subjects, with a mean adjusted difference (MAD) of +1.69 kg, (CI +0.40; +2.97 kg, p = 0.021). There was a substantially higher total lean mass in the active group (MAD +4.74 kg, CI +1.75; +7.74 kg, p = 0.008), matched by reduced fat mass (MAD −4.34 kg, CI −6.65; −2.04, p <0.001) after intramuscular testosterone undecanoate for 12 months. An RCT by Hoyos et al(Hoyos et al., 2012) using 1g Testosterone Undecanoate for 18 weeks in 67 men showed reduced liver fat (0.09 Hounsfield attenuation ratio, 95% CI 0.009 to 0.17, p=0.03) and increased muscle mass (1.6 kg, 95% CI 0.69 to 2.5, P=0.0009) compared to placebo. In a more recent study by Dhindsa et al(Dhindsa et al., 2016) lean body mass was measured by DEXA scan and MRI in a total of 94 men with type 2 diabetes who were recruited into the study; 50 men were eugonadal, while 44 men had hypogonadism. Men with hypogonadism had higher subcutaneous and visceral fat mass than eugonadal men. There was a decrease in subcutaneous fat mass (−3.3 kg) and increase in lean mass (3.4 kg) in the intramuscular testosterone (250 mg) every 2 weeks for 24 weeks group (P < 0.01) compared with placebo. Visceral and hepatic fat did not change. A meta-analysis from Isidori et al concluded that there is a decrease in fat mass and increase in lean mass with overall no change in weight upon testosterone therapy(Isidori et al.).



Table 2.2:   Effects of testosterone on Body composition

	Study 
	Patient cohort
	Intervention (Test substance)
	Results 

	Sydner et al 
	Elderly men (age >65 years)
n=108
	Transdermal testosterone (6 mg/day for 36 months)
	Decrease in fat body mass
Increase in lean body mass

	Kenny et al(Kenny et al.)
	Hypogonadal men (65 -87 years)
n= 67
	Transdermal testosterone (5 mg/day for 12 months)
	Decrease in fat body mass
Increase in lean body mass

	Steidle  et al (Steidle et al.)
	Hypogonadal men 
n= 406
	Testosterone gel (50mg and 100mg)
	Decrease in fat body mass
Increase in lean body mass

	Singh et al(Singh et al.)
	Eugonadal men – received long acting GnRH agonist to suppress their own testosterone
n=61 
	Testosterone Enanthate (Intramuscular)weekly (25, 50, 125, 300 or 600 mg) for 20 weeks 
	Increase in fat free mass
Increase in muscle size
Increase in muscle strength

	Wittert et al(Wittert et al.)
	Older (>60 yrs) relatively hypogonadal men (testosterone index of 0.3 -0.5)
n= 76
	Testosterone Undecanoate (80mg BD)
	Decrease in fat body mass
Increase in lean body mass
No effects on muscle strength 

	Grinspoon et al (Grinspoon et al.)
	Middle aged hypogonadal men with AIDS wasting syndrome
n= 51 
	Testosterone Enanthate (300 mg intramuscularly) every 3 weeks for 6 months
	Increase in fat free mass
Increase in lean body mass

	Wang et al (Wang et al.)
	Hypogonadal men
n= 227
	Testosterone gel (1%)
	Decrease in fat body mass
Increase in lean body mass
Increase in muscle strength (in legs)

	Study
	Patient cohort
	Intervention (Test substance)
	Results

	Page et al (Page et al.)
	Hypogonadal men (Age >65years)
n=70 
	Testosterone enanthate (200mg intramuscularly) +/- finasteride for 36 months
	Decrease in fat body mass
Increase in lean body mass
Increase in hand grip

	Naharci et al (Naharci et al.)
	Idiopathic hypogonagotrophic hypogonadal men 
n = 24 
	Testosterone esters (sustanon 250mg intramuscularly) every 3 weeks for 6 months
	Decrease in body fat mass


	Agledahl et al(Agledahl, Hansen and Svartberg)
	Hypogonadal men
n = 26
	Testosterone enthanoate (100mg intramuscularly) every week for 12 months 
	Decrease in body fat mass especially abdominal fat mass
Increase in fat free mass

	Allan et al (Allan et al.)
	Hypogonadal non-obese men (age >55yrs)
n = 60
	Transdermal testosterone (5 mg/d) for 12 months
	Reduction in visceral fat mass

	Hoyos et al(Hoyos et al., 2012)
	Obese men with OSA
n = 67
	Testosterone undecanoate (1000 mgs intramuscularly) 12 months
	Increase in muscle mass
Reduced liver fat mass

	Dhindsa et al(Dhindsa et al., 2016) 
	Hypogonadal and eugonadal men with T2DM
n = 94
	Testosterone (250 mg intramuscular every 2 weeks) for 24 weeks 
	Decrease in subcutaneous fat mass
Increase in lean mass
No change in visceral or hepatic fat mass.



Several mechanisms have been attributed to this favorable effect of testosterone therapy on body mass composition which is well described in a review article from our group(Kelly and Jones, 2013a). Singh et al has shown that testosterone stimulates myogenic differentiation and inhibits adipogenesis in pluripotent cells(Singh et al.). This is mediated through activation of TCF-4 (T-cell-specific transcription factor4) by translocation of an androgen receptor –beta- catenin complex into the nucleus which down regulates the adipogenic transcription factors (Singh et al.). Testosterone also inhibits pre-adipocyte differentiation into adipocytes in vitro (Singh et al.; Bhasin et al.). Singh et al have also shown that testosterone inhibits lipoprotein lipase and thereby decreasing adipogenesis and increases lipolysis through beta-adrenergic receptors(Singh et al.). One another study described correlation of low testosterone levels impaired mitochondrial function as assessed by maximal aerobic capacity  (Pitteloud et al.). Therefore, another possible mechanism may also be by promoting the acquisition of energy from fat stores by increasing the metabolic rate. Androgens also have a direct effect on muscle protein synthesis(Brodsky, Balagopal and Nair; Urban et al.) and type I and II muscle fiber hypertrophy(Sinha-Hikim et al.). Overall testosterone therapy seems to have a positive outcome on body composition and thereby decreasing insulin resistance and metabolic syndrome.

[bookmark: _Toc94007718]2.7.1: Effect of weight loss and bariatric surgery on testosterone:

Life style modifications causing weight loss significantly improves both free and total testosterone levels. Weight loss of 10% with diet and exercise programmes can achieve a rise in TT of 2-4 nmol/l whereas bariatric surgery can increase TT by up to 10nmol/l(Grossmann, 2011). In a RCT where one group received a 4 month weight loss programme with 10 weeks of very low energy diet (VLED) and 17 behaviour modification visits and the other group had no intervention. The weight loss in the treated group was 21kgs at 10 weeks post VLED.  In the treatment group, increases in sex hormone-binding globulin, testosterone, and high-density lipoprotein-cholesterol, as well as decreases in insulin and leptin, were maintained until the end of 8 months follow-up(Kaukua et al., 2003b). Similarly, other studies show that weight loss, whether by diet or surgery, leads to substantial increases in total testosterone, especially in morbidly obese men, proportional to the amount of weight lost(Grossmann, 2011).  Bariatric surgery which leads to significant weight loss also increases the endogenous testosterone levels. A study in Salt Lake City looked at 64 severely obese men out of which 22 patients had gastric bypass surgery and 42 patients were controls. After 2 years, the gastric bypass surgery group had a significant decrease in BMI (−16.6 ± 1.2 vs. −0.46 ± 0.51 kg/m2) and estradiol (−8.1 ± 2.4 vs. 1.6 ± 1.4 pg/ml) and had an increase in total testosterone (10.7 ± 1.65 vs. 0.49 ± 0.53 nmol/l) and free testosterone (156.8 ± 17.7 vs. −1.38 ± 10.4 pmol/l). Sexual quality of life improved after gastric bypass surgery(Hammoud et al., 2009). In another prospective study, 20 morbidly obese men were followed up for 24 months. Group A included 10 patients who underwent life style modifications (exercise and diet) for 4 months and subsequently gastric bypass, and another 10 patients in group B were kept on weekly follow-up.  BMI reductions were 24.7 (p < 0.0001) and 0.7 (p > 0.05) for groups A and B respectively after 24 months. Comparing groups, A and B, IIEF-5, TT and FT increased significantly in group A (p = 0.0224, 0.0043 and 0.0149 respectively). Surgery-induced weight loss increased erectile function quality measured by IIEF-5 questionnaire, increased TT and FT(Reis et al., 2010). 

These studies do confirm a beneficial effect of weight loss and exercise on testosterone levels. It is not clear from the studies using weight loss and exercise if a modest rise in TT as described above will ameliorate hypogonadal symptoms and metabolic imbalance and whether or not weight loss is maintained. Bariatric surgery is more effective in increasing testosterone but is not readily available as it has strict criteria for access to the surgery and is costly and not without surgical and post-surgical risk. 

[bookmark: _Toc94007719]2.8: Testosterone and Inflammation:


It is well established that inflammation plays a major role in atherosclerosis. All the stages of atherosclerosis are closely linked with inflammatory process. Increased levels of circulating pro-inflammatory cytokines have been associated with higher incidence of type 2 diabetes coronary events and other cardiovascular diseases (Ridker et al.; Jenny et al.; Koenig et al.). C reactive protein, Interleukin 6 (IL-6) interleukin 1 beta (IL-1 beta) tumor necrosis factor –alpha (TNF- alpha), serum amyloid A, cellular adhesion molecules and various other global markers of inflammation and participate in all phases of development of atherosclerosis. They also make the atherosclerotic plaque unstable leading to rupture of the plaque which clinically can translate into a coronary event like unstable angina, myocardial infarction or sudden death. However, some cytokines like Interleukin 10 (IL-10) are anti-inflammatory in nature and hence atheroprotective. 

Testosterone seems to have favorable effects on inflammatory cytokines. Several studies have demonstrated the immuno-modulatory effect of testosterone both in vitro(Corcoran et al.; Hofbauer, Ten and Khosla; Bellido et al.; Li, Danis and Brooks; D'Agostino et al.; Gornstein et al.; Hatakeyama et al.; Liva and Voskuhl) and in vivo(Wu et al.; Corrales et al.; Musabak et al.; Malkin et al.; Corrales et al.). In a RCT, treatment with TU for 30 weeks significantly decreased levels of IL-1β, TNF- α and CRP while IL-6 and IL-10 did not change significantly in comparison to placebo group(Kalinchenko et al.). However, in another randomized control trial of 237 men aged 60-80 years, there was no significant difference in highly sensitive CRP (hsCRP) levels the treatment (oral TU 160mg daily for 26 wks) Vs control group. However, the withdrawal rate was very high in this study (30%) and the total testosterone was unchanged from the baseline levels in the treatment group after 26 weeks of oral TU(Nakhai-Pour et al.). Our group has looked at 20 hypogonadal type 2 diabetes men in a double blinded RCT and there was no significant change in TNF – α, IL- 6 or CRP levels between the two groups after 3 months of testosterone therapy. However, the baseline levels of IL-6 and CRP inversely correlated with both total and bioavailable testosterone levels(Kapoor et al.). Another RCT of 27 men with symptomatic androgen deficiency demonstrated a reduction in pro-inflammatory cytokines TNF- α, IL-1 β and increased the levels of anti-inflammatory cytokine IL-10 significantly after testosterone therapy(Malkin et al.). Testosterone attenuates lipopolysaccharide (LPS) mediated TNF- α production in splenocytes(Chen et al., 2016) Similar reduction of pro-inflammatory cytokines has been seen in other studies (Corrales et al.; Musabak et al.; Guler et al.; Zitzmann et al.).

Androgens also suppress monocyte chemoattractant protein -1 gene expression in adipocytes and improve chronic inflammatory conditions(Morooka et al., 2016). Nasser et al(Nasser et al., 2015) in their registry study showed that normalizing serum testosterone in hypogonadal men with Crohn's disease had a positive effect on the clinical course, evidenced by biochemical parameters like C-reactive protein levels decreasing from 12.89±8.64 to 1.78±1.37 mg/L at 84 months (p<0.0001 vs. baseline) and Leukocyte count decreasing from 11.93±2.85 to 6.21±1.01×109/L (p<0.0001 at 84 months vs. baseline). The Crohn's Disease Activity Index declined from 239.36±36.96 to 71.67±3.26 at 84 months (p<0.0001 vs. baseline). No changes were observed in the comparison group. Similarly, Saad et al(Saad, Haider and Gooren, 2016) showed that upon testosterone administration, the psoriatic skin disease improved considerably. Scores on the Psoriasis Area and Severity Index and Physician Global Assessment for Psoriasis showed significant improvement for the first 24 months. There was a significant decline in CRP levels too.

Adiponectin is a protein structurally similar to TNF- α cytokine family and is produced by adipocytes(Berg, Combs and Scherer; Shapiro and Scherer; Haffner et al.). It is considered to have atheroprotective and anti-inflammatory properties. It also plays important role in insulin sensitivity (Arita et al.; Hotta et al.; Hotta et al.; Yang et al.). It decreases plasma glucose levels in mice and improves insulin sensitivity as demonstrated by Yamauchi et al (Yamauchi et al.). Adiponectin has an inverse relationship with body mass index and in particular visceral fat mass (Arita et al.; Hotta et al.; Hotta et al.; Berg, Combs and Scherer; Nishizawa et al.; Cnop et al.). Adiponectin level goes up after substantial weight loss (Swarbrick and Havel; Yang et al.).

Testosterone seems to have effect on adiponectin. Hypogonadal men tend to have higher levels of adiponectin compared to weight matched eugonadal men(Lanfranco et al.). Further the levels go down almost by a third after testosterone replacement. In another study, experimentally induced testosterone deficiency in normal men using Acyline (GnRH antagonist) resulted in significant increase in serum adiponectin detectable as early as seven days after androgen deprivation. The addition of testosterone to acyline prevented this rise(Page et al.). A similar effect was observed by our group in double blinded placebo-controlled crossover trial of hypogonadal men with type 2 diabetes after treatment with testosterone(Kapoor et al.). The underlying mechanism by which testosterone influences remains yet to be explored in detail however change in body composition secondary to testosterone replacement may be a huge contributor. 

[bookmark: _Hlk66796363]CRP is an acute phase reactant considered as a marker of both acute and chronic low-grade inflammation. Several studies have shown that the baseline levels of highly sensitive CRP predict the risk of myocardial infarction, stroke, diabetes and metabolic syndrome. Elevated levels of hsCRP also increased the mortality and morbidity from these conditions(Ridker, 2007). Evidence suggests that testosterone correlates inversely with CRP levels(Kapoor et al., 2007b; Kupelian et al., 2010; Kaplan et al., 2010; Del Fabbro et al., 2010; Bhatia et al., 2006; Yang et al., 2005; Wickramatilake, Mohideen and Pathirana, 2015) however, a study from Van Pottelbergh et al didn’t show any such correlation(Van Pottelbergh et al., 2003). Further a study from Corcoran et al looked at the effect of testosterone on the expression of CRP in macrophages obtained from a CHD age relevant population after stimulating with oxidized Low-density lipoproteins. Both physiological and supra physiological concentration of testosterone did not affect CRP expression although there was significant reduction in other pro-inflammatory markers such as TNF-α and IL1β(Corcoran et al.). Some interventional studies have shown that there is a decline in serum hsCRP levels after treatment with testosterone (Giltay et al.; Wu et al.; Traish et al., 2014) but not others (Singh et al.; Kapoor et al.; Ng et al.; Nakhai-Pour et al.). More randomized control trials are needed in this field to understand the effects of androgens on the process of inflammation and hence on atherosclerosis.

[bookmark: _Toc94007720]2.9: Biochemical evidence for testosterone action on Insulin related metabolic pathways:

The benefit of testosterone on insulin sensitivity observed clinically may be due to a complex regulatory influence on insulin signaling and glucose homeostasis in the major insulin responsive target tissues, such as skeletal muscle, liver, and adipose. Impaired insulin sensitivity in these three tissues is characterized by defects in insulin-stimulated glucose transport activity in particular into skeletal muscle, impaired insulin-mediated inhibition of hepatic glucose production and stimulation of glycogen synthesis in liver, and a reduced ability of insulin to inhibit lipolysis in adipose tissue.  In addition, as a consequence of dissociated fatty acid release from adipose tissue surplus to energy requirements in other organs, fat deposition in non-adipose tissue including skeletal muscle and liver occurs as a ‘spillover’ effect(Yu and Ginsberg, 2005).  In turn, this lipid accumulation contributes to impaired insulin responsiveness and abnormalities in glucose control. Interestingly, fat in liver and muscle correlate more strongly with insulin sensitivity than abdominal fat in rats(Lim et al., 2012). Indeed, free fatty acids decrease hepatic insulin binding, increase hepatic gluconeogenesis and increase hepatic insulin resistance. Triglyceride and lipid build-up in muscle also impairs insulin signalling leading to decreased insulin sensitivity. Ultimately these effects lead to peripheral hyperinsulinaemia, systemic insulin resistance and hepatic steatosis. Therefore, a reduction in adipocyte size and number by testosterone would reduce free fatty acid release and, in turn, insulin resistance. Moreover, a lack of testosterone action has been shown to decrease key enzymes in the regulation of hepatic fatty acid synthesis in animal models; including sterol regulatory element binding protein-1c (SREBP-1c), stearoyl-CoA desaturase 1 (SCD1), acetyl CoA carboxylase (ACC), fatty acid synthase and proteasome proliferator activated receptor-gamma (PPARγ)(DM et al., 2012; Lim et al., 2012).

Insulin-stimulated glucose uptake into muscle and adipose tissue is largely mediated by the Glut4 glucose transporter.  Glut4 translocates from cytoplasmic vesicles to the cell membrane in response to insulin via signaling through the insulin receptor, subsequent binding of insulin receptor substrate (IRS) and activation of intracellular signaling pathways(Bryant, Govers and James, 2002).  Thus, several studies have demonstrated that diminished Glut4 expression correlates with decreased insulin responsiveness and defects at the level of the insulin receptor, IRS-1 and Glut4 expression have been observed in patients with T2DM(Pessin and Saltiel, 2000).  

Testosterone has been shown to increase the expression of Glut4 in cultured skeletal muscle cells,  hepatocytes and adipocytes(Chen et al., 2006; Sato et al., 2008; Muthusamy, Murugesan and Balasubramanian, 2009)  as well as augmenting Glut4 membrane translocation (measured by the ratio of cytosolic to membrane protein fractions) and promoting glucose uptake in adipose and skeletal muscle tissue(Sato et al., 2008). Similarly, testosterone treatment increased insulin receptor expression in the Chang human adult liver and human larynx carcinoma cell line (HEp-2) resulting in enhanced insulin binding and responsiveness through elevated glucose utilisation when compared to basal response(Sesti et al., 1992; Parthasarathy, Renuka and Balasubramanian, 2009). Testosterone administration in orchidectomised adult male rats increased insulin receptor and IRS-1 mRNA and protein expression in liver tissue and was associated with a normalisation of the castration-induced impairment of glucose oxidation(Muthusamy et al., 2011). Supporting insulin receptor signaling effects, IRS-1 was upregulated in cultured adipocytes and skeletal muscle cells following testosterone treatment(Chen et al., 2006) as was IRS-2 in cells isolated from male human skeletal muscle biopsies(Salehzadeh et al., 2011). Serine phosphorylation of IRS-1, known to attenuate insulin signaling by inhibiting tyrosine phosphorylation, was elevated in castrated mice, with testosterone treatment significantly improving this effect even beyond control levels(Muthusamy et al., 2011). Increased phosphorylation of Akt and protein kinase C, as key steps in the insulin receptor signaling pathways for regulation of Glut4 translocation was also shown upon testosterone treatment of skeletal muscle cells(Sato et al., 2008).  These effects were blocked by the 5α-reductase inhibitor, Finasteride, suggesting that local conversion of testosterone to DHT and activation of AR may be important for glucose uptake at least in isolated rat skeletal muscle cells.  

In addition to insulin signaling and glucose uptake, testosterone has been shown experimentally to influence key enzymes involved in glycolysis.  Indeed, testosterone increased the activity of phosphofructokinase and hexokinase in cultured rat skeletal muscle cells and increased hexokinase activity in castrated rats(Bergamini, Bombara and Pellegrino, 1969; Sato et al., 2008).  Preliminary work in the Tfmmouse, whereby affected animals present low endogenous testosterone levels and a non-functional AR, has also demonstrated that hexokinase-2 expression was significantly reduced in skeletal muscle tissue of Tfm mice compared to wild-type(McLaren et al., 2012).  Testosterone treatment did not significantly alter hexokinase-2 expression suggesting an AR-dependent action. An increase in skeletal muscle glycogen synthase activity is apparent in castrated male rats supplemented with testosterone, diminishing the elevated blood glucose levels seen in untreated controls(Ramamani, Aruldhas and Govindarajulu, 1999).  Concurrently, testosterone administration returned the enhanced glycogen phosphorylase activity in castrated rats to a normal level, thus reducing glycogen breakdown and subsequent rise in free glucose.  Indeed, castration is followed by decreased muscle glycogen levels in rat perineal and levatorani muscles and the administration of testosterone induces considerable increase in glycogen content(Leonard, 1952; Apostolakis, Matzelt and Voigt, 1963; Bergamini, Bombara and Pellegrino, 1969).  In addition, glucose-6-phosphate dehydrogenase activity, the rate limiting enzyme in the pentose phosphate pathway, was shown to be increased in rat levator ani muscle following administration of testosterone propionate(Max, 1984).

Regulation of cellular fuel metabolism is important to homeostatic energy balance and can impact whole-body metabolic homeostasis and the emergence metabolic disorders. The mitochondria have a central role in fuel utilization and energy production, with disordered mitochondrial function at the cellular level linked to the pathophysiology of T2D. There is evidence to suggest that an association exists between serum testosterone levels and mitochondrial function, with testosterone deficiency directly contributing to inefficient energy utilization in cases of increased insulin resistance(Yialamas et al., 2007; Pitteloud et al., 2005) 

Pitteloud et al describes an inverse correlation between testosterone levels and adverse mitochondrial function, assessed by measuring maximal aerobic capacity (VO2max) in men with varying degrees of glucose control(Pitteloud et al., 2005). Low testosterone levels were associated with decreased expression of genes involved in mitochondrial oxidative phosphorylation pathway in skeletal muscle biopsies. Of these genes, ubiquinol cytochrome c reductase binding protein (UQRCB) and the transcription factor PPARγ co-activator 1α (PGC-1α) had the largest expression difference between normal and diabetic muscle and was correlated with testosterone and insulin resistance(Pitteloud et al., 2005). PGC-1α down-regulation in skeletal muscle is considered the mechanism of testosterone deficiency-induced insulin resistance potentially via subsequent reduction of key mitochondrial transcriptional factors (Tfam, nuclear respiratory factor-1, NRF-1) and signaling molecules (Akt) to decrease oxidative phosphorylation and mitochondrial biogenesis(Mauvais-Jarvis, 2011; Traish, Abdallah and Yu, 2011). Similarly, genes involved in oxidative phosphorylation and ubiquinone pathways are significantly down-regulated in young male mice following orchidectomy, an effect that was reversed by testosterone treatment(Ibebunjo et al., 2011).

Guo et al  demonstrated in elderly male mice that testosterone treatment in combination with physical exercise training increased mitochondrial gene expression of carnitine palmitoyltransferase-1β (CPT-1β) and pyruvate dehydrogenase kinase 4 (PDK4) to improve fatty acid oxidation and favour fatty acid utilization as mitochondrial fuel(Guo et al., 2012). Indeed, testosterone treatment in female rats increases skeletal muscle levels of fatty acid binding protein (FABP), which plays an important role in fatty acid delivery to the mitochondria for oxidation(van Breda et al., 1992).

By regulating mitochondrial function and efficient fuel metabolism testosterone may protect against a cellular energy imbalance which in turn leads to chronically elevated glucose levels and accumulation of lipids that can mediate insulin resistance.



[bookmark: _Toc94007721]2.10: Conclusions and Prelude to Thesis:

From the evidence described in this chapter it is clear that studies have shown a clear correlation of testosterone deficiency and increased risk of Type 2 Diabetes and other insulin resistant states. Further to this, epidemiological studies have established a definite association of increased cardiovascular and metabolic disorders in hypogonadal men. Recent studies have also shown increased mortality in these men especially CVD death. Short-term interventional studies have shown beneficial effects of testosterone on various CV risk factors including improvement in glycaemic control, insulin resistance, a decrease in visceral fat mass and reduction in circulating inflammatory cytokines and markers, increase in vasodilatation and vasoreactivity, improvement in endothelial function including the number of endothelial progenitor cells and a decrease in total cholesterol(Jones, 2010). In addition to the above beneficial effects, certain studies have also shown improvement in angina symptoms (Wu and Weng, 1993; English et al., 2000; Malkin et al., 2004b) due to effect of testosterone on coronary vasodilatation (English et al., 2002; Webb et al., 1999) and improvement in exercise capacity and symptoms in men with heart failure(Malkin et al., 2006; Pugh et al., 2004). Testosterone has in addition shown improvement in sexual function especially erectile dysfunction(Jain, Rademaker and McVary, 2000). Furthermore, numerous studies have also shown its profound effect on improvement in mood and cognition (Cherrier et al., 2001; Janowsky, Oviatt and Orwoll, 1994; Cherrier et al., 2005a; Wang et al., 1996).

Testosterone replacement therapy should still be weighed against the risks of treatment and used cautiously due to its adverse effects. Although the incidence of significant adverse effects is very low, especially in physiological replacement therapy, testosterone can cause polycythaemia and can promote the growth of prostate. Hence careful monitoring of haematocrit and PSA is extremely essential. Every effort also should be made to keep the testosterone in physiological range. 

The risks and clinical benefits of long-term testosterone therapy in older men with hypogonadism still however remains a matter of controversy. This is primarily due to lack of long-term randomized placebo-controlled trials examining the glycaemic control, insulin resistance and cardiovascular outcomes in this cohort. Further research in this important field of health should be encouraged and large RCTs funded evaluating the long-term effects of testosterone on cardiovascular events should be conducted.

Rest to the thesis will be investigating the effects of testosterone on glycaemic control and other cardiovascular risk factors in men with hypogonadism and type 2 diabetes mellitus.

Chapter 3 and 4 will describe research design and methods used in thesis
Chapter 5 presents the results of the RCT looking at the effects of testosterone on glycemic control and insulin resistance primarily but also on various other cardiovascular risk factors like fasting lipids, blood pressure, weight, BMI etc.
Chapter 6 discusses the results of study investigating the effects of testosterone on symptoms of hypogonadism and quality of life in hypogonadal type 2 diabetic men.
Chapter 7 describes the results of study investigating the effects of testosterone on 24-hour ambulatory blood pressure in men with type 2 diabetes and hypogonadism.
Chapter 8 presents the results of the safety data of the trial exploring the effects of testosterone on cardiovascular adverse events, haematocrit and prostate in men with hypogonadism and type 2 diabetes.
Chapter 9 examines the effect of testosterone on inflammatory biomarkers its gene expression in human monocytes and cultured human macrophages derived from men with type 2 diabetes and hypogonadism.
Chapter 10 studies the effect of testosterone on body composition as measured by dual energy X-ray absorptiometry (DEXA scan) in patients with hypogonadism and type 2 diabetes.
Chapter 11 summarises the work presented in this thesis, its clinical implications and future research in this area.
[bookmark: _Toc78567070][bookmark: _Hlk66271288]
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[bookmark: _Toc78567071]

CHAPTER 3: RESEARCH DESIGN 
[bookmark: _Toc78567072][bookmark: _Toc94007723]3.1 Null’s Hypothesis
Testosterone replacement therapy in patients with poorly controlled type 2 diabetes and hypogonadism improves the glycaemic control (HbA1c).

[bookmark: _Toc78567073][bookmark: _Toc94007724]3.2.1 Design

Our study is a randomised double blinded placebo-controlled add-on of testosterone therapy (depot testosterone undecanoate) in hypogonadal men with poorly controlled diabetes. The trial is divided into 2 phases. Phase 1: patients are randomly assigned to either treatment arm or the placebo arm for 6 months of testosterone therapy. Phase 2: this will be open labelled phase for 6 months and patients on placebo will now move on to the treatment group and the patients in the treatment group continue to be in the treatment arm.

≥80% power for an effect size of 0.7% (8 mmol/mol) difference in HbA1c between the treated and the untreated group was calculated to be 66 patients. Our Aim was to recruit 80 patients however due to recruitment difficulties and time pressures meant we were able to recruit only 65 patients into the study.
No change to anti- glycaemic therapy will be made during the first phase of the study unless absolutely indicated. If a change in medication has been made, this will be captured during the data collection.

[bookmark: _Toc94007725]3.2.2 Recruitment to the study

The study was approved by the Derby Research Ethics committee.
The participants of this study were identified within the clinical practice after reviewing the medical notes. Advertisements were also placed locally in the form of posters in the diabetes centre which meant participants could volunteer themselves to the study if they fulfilled the screening criteria. Similarly, adverts were placed in local newspaper (Barnsley Chronicle) so that the eligible patients could directly contact the research team. Patients were also recruited at primary care via PICC sites. General practioners were sent the posters and eligibility criteria and they referred patients to the research team if their patients met the study’s recruitment criteria.

Informed consent was obtained by the participants before screening them for the study. All participants were Caucasians apart from one participant who is an Asian. A letter was sent to the primary care if they were successfully recruited into the study.


[bookmark: _Toc336266063][bookmark: _Toc78567074][bookmark: _Toc94007726]3.3.1 Objectives and outcomes

[bookmark: _Toc335731892][bookmark: _Toc78567075][bookmark: _Toc94007727]3.3.2 Primary Outcome
Glycaemic control as assessed by haemoglobin A1c (HbA1c)
[bookmark: _Toc335731893][bookmark: _Toc78567076][bookmark: _Toc94007728]3.3.3 Secondary Outcomes
(1) Effect of testosterone on individual Cardiovascular Risk Factors (body composition, lipid profile, blood pressure, and serum inflammatory profiles).
(2) Effect of testosterone therapy on CIMT
(3) Effect of testosterone levels on quality of life, symptoms of testosterone deficiency and cognitive function.
[bookmark: _Toc78567077][bookmark: _Toc78573243]The outcomes were measured under the following headings
Primary outcome: Glycaemic control
I. Haemoglobin A1c
Secondary outcomes:
(1) Cardiovascular Risk Parameters
I. Body composition
a) Waist circumference and waist hip ratio
b) BMI
c) Percentage body fat (by Tanita body fat analyzer)
d) Whole body composition using DEXA scan
II. Insulin resistance
a) Homa – IR (Homeostatic Model of Assessment of Insulin Resistance) in patients not on insulin (three blood samples for fasting insulin samples taken 5 minutes apart with fasting glucose)
III. Lipid Profile
 Fasting lipid profile (total cholesterol, LDL Cholesterol, HDL- Cholesterol, Triglycerides, Lipoprotein a and ApoE)
IV. Inflammation
hsCRP, IL-6, IL6 Soluble receptor, Adiponectin, leptin, TNF alpha, IL- 10, IL-1beta, ICAM – 1, VCAM -1 and AGEs (advance glycation end products).
V. Macrophage function:
Monocyte RNA: qPCR on specific genes involved in
lipid metabolism – FAS gene, ACC gene etc
cholesterol metabolism – HMGcoA gene, LXR gene etc
glucose metabolism – GLUT 4 gene, Hexokinase gene etc
inflammation – adiponectin, leptin, TNF alpha, IL etc
Primary cell culture of macrophages for further assessment of these pathways – effect of exogenous testosterone and LXR agonists and antagonists on gene expression (qPCR) and protein level (Western blotting with densitometry)
VI. [bookmark: _Toc78567078][bookmark: _Toc78573244]Blood pressure
[bookmark: _Toc78567079][bookmark: _Toc78573245]After rest, 2 readings 5 minutes apart.
24 hr BP monitor
VII. Renal and Liver Function
       Urinary microalbumin, serum urea, creatinine and eGFR.
       Standard liver function tests (ALT, AST, alkaline phosphatase and GGT).
VIII. DNA collection:
To look at androgen-receptor polymorphisms and its association with the above variables
IX. Safety
          PSA, Haemoglobin, haematocrit
X. Seven-point home glucose monitoring over 24-hour period 3 monthly.
XI. Dynamometer
        To measure hand grip muscle strength
  (2)  CIMT (carotid media intima thickness using Sonosite Portable USS device)
 (3)  Questionnaires
             (Validated)
                    ADDQoL
[bookmark: _Toc78567080][bookmark: _Toc78573246]                   AMS (Aging Male Symptom Score)
[bookmark: _Toc78567081][bookmark: _Toc78573247]                   IIEF (International Index of Erectile Dysfunction)
                   SF36 –Quality of life Questionnaire
         Mini mental score
         (not Validated)
                   Barnsley questionnaire for hypogonadism in diabetes
                   NERI (New England Research Institute) hypogonadal screener

[bookmark: _Toc78567082]

[bookmark: _Toc94007729]3.4.1 Sample Size
[bookmark: _Toc78567083]
The study is a randomised placebo-controlled trial of 65 patients with type 2 diabetes and hypogonadism. 33 patients were on the active arm who were treated with testosterone and the other 32 patients fell into the placebo arm of the study. Based on our retrospective audit data, we expected a 0.7% (8 mmol/mol) difference in HbA1c between the treated group and the untreated group. The standard deviation was 0.6. However, we calculated the power with standard deviation of 1.0. This will give us the effect size of 0.7. For the effect size of 0.7 with 5% (p=0.05) significance and 80% power we would require minimum of 66 patients (33 in each group) to make the study statically significant. We intended to recruit 80 patients allowing for any withdrawals. However, the study was terminated at the recruitment of 65th patient by the sponsors due to funding issues. Statistical expertise advice and review has been obtained by Prof. Mike Campbell at ScHARR (The School of Health and Related Research)

[bookmark: _Toc78567084][bookmark: _Toc94007730]3.5.1 Inclusion criteria
[bookmark: _Toc78567085]
1. Men with age >18 years
2. [bookmark: _Toc78567086]Type 2 Diabetes mellitus (both newly diagnosed and previously treated patients)
3. [bookmark: _Toc78567087]HbA1C >7% <9.5% (53-80 mmol/mol) (Patients with HbA1c more than 80mmol/mol were not included in the study as it would not be ethical not to increase the anti-glycaemic medications in these patients)
4. [bookmark: _Toc78567088]Confirmed hypogonadism (early morning [0800−1000 h] total testosterone [TT] ≤12 nmol/L or calculated free testosterone ≤255 pmol/L on two occasions ≥1 week apart), with at least two symptoms of hypogonadism
5. [bookmark: _Toc78567089]Must be naïve to androgen replacement therapy
6. [bookmark: _Toc78567090]If on replacement therapy for the hypopituitarism or multiple endocrine deficiencies, the subject must be on stable doses of thyroid hormone and adrenal replacement hormones for at least 14 days prior to the enrolment.
7. [bookmark: _Toc78567091]No contraindication to the use of the study product – testosterone undecanoate
8. [bookmark: _Toc78567092]Patients understands the study protocol and voluntarily agrees to participate by providing written informed consent.

[bookmark: _Toc78567093][bookmark: _Toc94007731]3.5.2 Exclusion criteria
[bookmark: _Toc78567094]
1. Inability to give informed consent
2. [bookmark: _Toc78567095]Polycythaemia/ Haematocrit of >0.52
3. [bookmark: _Toc78567096]Abnormal prostate digital rectal examination (palpable nodule/s) or severe prostatism or elevated PSA
4. [bookmark: _Toc78567097]History of prostate cancer or breast cancer
5. [bookmark: _Toc78567098]Patient is enrolled in another experimental trial which involves the use of an investigational drug or device, or an intervention that would interfere with the conduct of the trial
6. [bookmark: _Toc78567099]Patients with significant intercurrent disease like severe heart failure, kidney disease on dialysis, psychiatric illness or any other co-morbidities making them unable to attend the scheduled visits of the trial
7. [bookmark: _Toc78567100]History of alcohol abuse or any drug abuse in the past 2 years
8. [bookmark: _Toc78567101]Current use of antiandrogens, glucocorticoids (except where used as replacement therapy), long acting opioid analgaesics (eg., methadone, buprenorphine), oestrogens, CYP3A4 inducers (eg., barbiturates) CYP3A4 inhibitors (eg., HIV antivirals, amiodarone, ketaconazole, ciprofloxacin, azithromycin etc)
9. [bookmark: _Toc78567102]Men seeking to father a child and have not yet completed the family.
10. [bookmark: _Toc78567103]Recent history of hospital admission, cerebrovascular disease or acute coronary syndrome in last 2 months

[bookmark: _Toc78567104][bookmark: _Toc94007732]3.6.1 Blinding and Randomisation

The active medication and placebo were randomised and blinded for the first phase of the study at Calderdale & Huddersfield NHS foundation trust Pharmacy Manufacturing Unit. The end point label only contained randomised code provided by the manufacturing unit. At the end of the first phase of the trial, the study medication was unblinded by our pharmacy who received the unblinding code from the manufacturing unit.

[bookmark: _Toc78567105][bookmark: _Toc94007733]3.7.1 Study intervention
Testosterone Undecanoate (Nebido) deep intramuscular depot preparation is widely used as a treatment for symptomatic hypogonadism.


[bookmark: _Toc78567106][bookmark: _Toc94007734]3.7.2 Mode of administration
Testosterone Undecanoate (1 g in 4 ml oily base) was given as slow (2 minute) intramuscular injections (Nebido, manufactured by Bayer-Schering). This was administered by the study investigator or designated research nurse. The patients on the treatment arm received the active ingredient (testosterone undecanoate) at 0, 6, 18, 30 and 42 weeks and the treatment were blinded for the first 6 months. The patients on the placebo arm received placebo at 0, 6, 18 weeks. The treatment was unblinded at 24 weeks and those on placebo received their active ingredient from then onwards at 24, 30, 42 weeks. (Open labeled phase) as described in the table. (Appendix 7 – Schedule of events)

The 6 weekly followed by 3-monthly injection regime is pragmatic, commonly used, and consistent with recommendations on the British National Formulary (recommended injection interval 10—14 weeks).  12-13 week administration has been shown to be biologically effective, to achieve testosterone levels in the normal range, and to minimize the risk of testosterone accumulation. However, in the event of a rise in Haematocrit to >0.54 the next Nebido injection was omitted and the subsequent scheduled injection given only if the Haematocrit falls below this value.

Placebo was an identical looking inert preparation, also manufactured by Bayer-Schering and administered in exactly the same manner and with the same schedule.

All medication in patient-pack consisted of 3 ampoules packed individually in cartons and then packed together in the patient pack for phase 1 of the study.  Each pack was identified with a patient number in accordance with the randomization schedule. During the phase 2 of the study which is open labeled the ampoules were not blinded.

Injection vials were clearly labeled in accordance with Annexe 13 of the EU GMP directive. Trial medication was received by Barnsley pharmacy from Bayer-Schering, stored there in accordance with GCP and GMP.
Accurate records of all medications dispensed and returned were maintained.
[bookmark: _Toc78567107]
[bookmark: _Toc94007735]3.7.3 Pharmacokinetics of Nebio:
[bookmark: _Toc78567108]Pharmacokinetics of Nebido has been described in detail within the product information from Bayer (APPENDIX 9)

[bookmark: _Toc78567109][bookmark: _Toc94007736]3.7.4 Other treatment
No changes were made to concomitant medications at any stage of the study unless clinically indicated. Particular caution was taken not to change any anti-glycaemic medication for the first 6 month of the study.



[bookmark: _Toc94007737]3.8 Statistical Analysis:

The data was analysed using SPSS. Normality of the data was using the Kolmogorov-Smirnov test. Normally distributed data was analyzed by using student’s t-test and correlation coefficients by Pearson’s r. Non-normally distributed data was analyzed by Mann-Whitney test/Wilcoxon rank-sum test and correlation coefficients will be calculated by Spearman’s rho. Treatment effects are reported as the mean/medians of the difference between the two treatment periods with 95% confidence intervals as well as a p value. Results were considered statistically significant at p<0.05. Two-sided significance tests were used throughout. Multivariate analyses were conducted by logistic regression. Where three or more samples were compared, one-way ANOVA followed by post hoc test like Tukey’s test was used to establish the significance of differences. If the data was not normally distributed, non-parametric Kruskal-Wallis test was applied. Analysis addressed the project objectives. 
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CHAPTER 4: METHODS AND MATERIALS
[bookmark: _Toc94007739]4.1 Patient demographics and clinical history

[bookmark: _Toc94007740]4.1.1 Recording of demography, medical history and drug history

Participants demographic history including age, exercise history, smoking history etc, medical history and drug history were obtained in screening and baseline visit (V0) of the study. This was confirmed with the details of the medical notes wherever possible. A medical examination including digital examination of the prostrate was done at the baseline visit. 

Relevant medical history, changes to medications, changes in exercise and smoking habits were recorded every 3-monthly visit.

[bookmark: _Toc94007741]4.2 Clinical assessment

[bookmark: _Toc94007742]4.2.1 Measurement of weight and body composition

Participants height was measured at the baseline visit in their bare feet. Participants stood with the backs of their ankles, gluteal region and shoulders against the wall which has a calibrated scale attached. Height was measured after applying a horizontal plane to the crown of the head against the scale.

Weight and body composition were measured at baseline visit and every 3 monthly visits using Tanita BF-300 body fat analyser (Tanita Corporation, Japan). Height, age and standard male setting were entered. Participants stood barefoot on the metal plates with their plantar surface of the forefoot and heel firmly against the anterior and posterior electrodes respectively. Participants removed their jackets and jumpers before the measurement was done. This device measures weight directly and measures bioelectrical impedance by applying a 50kHZ, 500mA electrical current between the feet to obtain body fat percentage. This works on the basis that fat has lower electrical conductivity compared to other body tissues. This method has been validated against water weighing for body composition analysis(Cable et al., 2001). Using the above method, fat mass, fat percentage, fat free mass and basal metabolic rate were measured and recorded.

[bookmark: _Toc94007743]4.2.2 Waist and hip circumference

Waist circumference was measured using a measuring tape at the midpoint between costal margin and iliac crest. Hip circumference was measured using a measuring tape around the widest point of the buttock. Waist – hip ratio was calculated dividing waist circumference by hip circumference. Waist hip circumference was measured at baseline and all 3 monthly visits.


[bookmark: _Toc94007744]4.2.3 Blood pressure
Blood pressure was measured using Datascope Accutorr plus non-invasive blood pressure monitor (Datascope Corporation, USA). Two measurements after resting 5 minutes between each reading were taken using appropriately sized cuff around the upper arm such that the pressure sensor was applied to the skin close to brachial artery pulse. Blood pressure was derived from an automated oscillometric technique.

Second reading was taken for analysis as this was measured after sufficient rest. Blood pressure was measured at baseline and at all 3 monthly visits.

[bookmark: _Toc94007745]4.2.4 24 Hr Ambulatory blood pressure 
Diurnal ABP was measured over 24 hours. ABP measurements were performed with Spacelabs 90217, (www.spacelabshealthcare.com) mounted on the nondominant upper arm with a tube connecting cuff and sampler. 

These 24 hr ambulatory BP measurements were performed at baseline and at 6 months after receiving active or placebo treatment. These measurements were done within 6 weeks window of their visit date.



[bookmark: _Toc94007746]4.2.5 Carotid artery intima media thickness assessment:
Carotid artery intima media thickness of the common carotid arteries is a well-known surrogate marker of cardiovascular risk and this was assessed at baseline, 6months (V2) and at 12month visit(V3) of our study. 

Participants were asked to lay down in supine position with their neck slightly extended. Using the using the Sonosite Titan High Resolution Portable Ultrasound System (Sonosite Inc., USA) and L38 Vascular/Small Parts Transducer (Sonosite Inc., USA) the views were obtained of the common carotid artery before it dilates to form the carotid bulb. A minimum of three images on each side were captured and stored. Recordings of this section of artery were taken and images selected with the artery at minimal (end-diastolic) and maximal (systolic) diameter.  The minimal and maximal diameters of the artery were measured and recorded.  The diastolic image was uploaded into a specialised IMT measurement programme (SonoCalc IMT Version 3.0, Sonosite Inc., USA) and a part of artery not showing evidence of overt atherosclerotic plaque was analysed for IMT.  

The ultrasound probe was removed from the patient between each set of images.  Blood pressure was checked at the brachial artery on three consecutive occasions in the dominant arm when the ultrasound measurements were complete and the average of the three measurements was calculated.  Stiffness index β was then calculated from the diastolic common carotid artery diameter (Dd), systolic common carotid artery diameter (Ds), diastolic blood pressure (BPd) and systolic blood pressure (BPs) using the formula; Stiffness index β= (ln(Ps/Pd)) x Dd/(Ds-Dd) 

 

[bookmark: _Toc94007747]4.2.6 Dynamometer:

Hand grip strength was assessed using Homecraft baseline hydraulic hand dynamometer (Fabrication Enterprises Inc. White Plains, New York 10602 USA). Participants were asked to extend their elbows and press the dynamometer handle as hard as they could with their hand three times. Both left and right side were assessed in the similar way. Average and personal best reading out of the three readings were recorded in kilograms on each side.

[bookmark: _Toc94007748]4.3.  Biochemical measurements:
[bookmark: _Toc94007749]4.3.1 Blood sampling technique:

Patients were asked to fast for 8 hours minimum. They were given a reminder call by the research nurse to do so early in the week before their visit. Blood samples were collected between 0800 and 1100h at a fasting state. A cannula was inserted either in the anticubital fossa or other forearm sites. Blood was drawn at three different time points 5 minutes apart. This is especially to calculate HOMA index. As insulin secretion is pulsatile, we used mean of three samples taken to measure serum insulin levels. Required samples were collected in appropriate venepuncture bottles and mixed by inverting the bottles several times. After the sample had clotted, serum was obtained by centrifugation method using the Hettich Zentrifugen EBA 20 centrifuge (spun for 15 min at 50 revolutions per minute speed) and immediately stored at -20- or -70-degrees freezer for further analysis. One set of the blood samples were sent for Barnsley hospital lab for certain biochemical measurements as described below. EDTA samples were sent to Human metabolism and Oncology section of the medical school where the blood was processed for mononuclear cell isolation and molecular investigation of gene expression in human monocytes by real-time reverse transcription polymerase chain reaction (qRT-PCR) as below. 

[bookmark: _Toc94007750]4.3.2 Measurement of samples in Barnsley Hospital clinical chemistry
The following biochemical tests were analysed in Barnsley hospital laboratory. The methods are described in the following table 4.1.
Table 4.1: Methodology of biochemical tests used to analyse various clinical variables:
	Test

	Subtype
	Manufacturer
	Method
	Sample type

	HbA1c
	Launch
(Japan)
	Akray 8180 Cation exchange chromatography
	EDTA whole blood

	Lipids
	Triglycerides
	Siemens Advia
(USA)
	Glycerol kinase with GPO
	Serum gel

	
	Cholesterol
	Siemens Advia
(USA)
	Cholesterol oxidase
	Serum gel

	
	HDL cholesterol
	Siemens Advia
(USA)
	Direct via elimination of non-HDL cholesterol
	Serum gel

	
	LDL cholesterol
	N/A
	Friedwald calculation 
	Serum gel

	Testosterone
	Siemens Centaur
(USA)
	Chemiluminescent immunoassay. Competitive with analogue
	Serum gel

	SHBG
	Siemens Centaur
(USA)
	Chemiluminescent immunoassay. Two site sandwich
	Serum gel

	LFT
	Total bilirubin
	Siemens Advia
(USA)
	Vanadate oxidation
	Serum gel

	Test

	Subtype
	Manufacturer
	Method
	Sample type 

	
	ALP
	Siemens Advia
(USA)
	IFCC AMP with Zn and Mg
	Serum gel

	
	ALT
	Siemens Advia
(USA)
	Modified IFCC without PLP
	Serum gel

	
	AST
	Siemens Advia
(USA)
	Modified IFCC without PLP
	Serum gel

	
	GGT
	Siemens Advia
(USA)
	Carboxy-nitroanaline
	Serum gel

	
	Albumin
	Siemens Advia
(USA)
	Bromocresol green dye binding
	Serum gel

	CRP
	Siemens Advia
(USA)
	Latex agglutination turbidimetric
	Serum gel

	PSA
	Siemens Centaur
(USA)
	Chemiluminescent immunoassay. Competitive with homologue 

	Serum gel

	FBC
	Siemens
(USA)
	Advia 2120
	EDTA whole blood

	LH
	Siemens Centaur
(USA)
	Chemiluminescent immunoassay. Two site sandwich
	Serum gel

	FSH
	Siemens Centaur
(USA)
	Chemiluminescent immunoassay. Two site sandwich
	Serum gel

	Oestradiol
	Siemens Centaur
(USA)
	Chemiluminescent immunoassay. Competitive with analogue 
	Serum gel


All assays are CE marked and hence meeting regulatory requirements for in-vitro diagnostics for use in the EU.



[bookmark: _Toc94007751]4.3.3 Calculation of free bioavailable testosterone

Bioavailable testosterone was calculated using a formula using the total testosterone and sex hormone binding globulin. We followed the Morris Malkin equation which was developed based on assay obtained from 1072 men undergoing elective coronary angiogram at a tertiary cardiac centre(Morris et al., 2004).
InBioavailable testosterone = -0.266 + (0.955 x InTT) – (0.228 x InSHBG) 
Where In= natural log
Units are nmol/l

[bookmark: _Toc94007752]4.3.4 Calculation of free testosterone:

Due to the considerable technical challenge concerning accurate measurement of free testosterone formulae have been developed which aim to estimate free sex hormone levels based on total serum levels of testosterone and SHBG.  In our studies we used the formula of Vermeulen to calculate free testosterone(Vermeulen, Verdonck and Kaufman, 1999; Vermeulen, StoÏCa and Verdonck, 1971)  
Free testosterone = (-b + (b2 + 4a [Total Testosterone])) / 2a 
A= Kat +  Kst + (Kat x Kst)([SHBG] + [Albumin] - [Total Testosterone]) 
B= 1 + Kst[SHBG] + Kat[Albumin] – (Kat + Kst)[Total Testosterone] 
Kat = Affinity constant for testosterone with albumin = 3.6 x 104 in this equation Kst = Affinity constant for testosterone with SHBG= 1 x 109 in this equation 

[bookmark: _Toc94007753]4.3.5 Peripheral blood mononuclear cell isolation

Whole blood was transferred into 2x50mL centrifuge tubes, diluted with an equal volume of physiological saline and overlaid onto Ficoll-Paque (GE Healthcare, UK) in a 2:1 ratio. Samples were centrifuged at 800 x g for 35 minutes with the break setting off, at room temperature and the PBMC layer carefully collected and washed twice with PBS. Using the Dynabeads FlowComp™ Human CD14 Isolation kit (Invitrogen, USA); magnetic beads were resuspended in a glass vial by vortexing for >30 seconds. 300L of the bead suspension was added to a 1.5mL centrifuge tube and washed 1mL of isolation buffer (PBS (Ca2+ and Mg2+ free) 0.1% BSA and 2 mM EDTA, pH 7.4) and resuspended by repeated pipetting. The tube was placed in the DynaMag™-5 for 1 minute and the supernatant discarded. The beads were resuspended again in 1mL isolation buffer and stored on ice. The isolated PBMCs were resuspended in 500μL isolation buffer and 50μL FlowComp™ Human CD14 Antibody was added, mixed well and incubated on ice for 15 minutes. The cells were washed with 2mL isolation buffer and centrifuged for 10 minutes at 350 x g at 4˚C. The cells were resuspended in 4mL isolation buffer with 300μL pre-washed Dynabeads and incubated for 15 minutes at 4°C on a roller. The tube was placed in the magnet for 2 minutes and the supernatant discarded. 1mL of release buffer (modified biotin in 0.1% BSA and 2mM EDTA) was added to the tube containing the bead-bound cells, resuspended by gentle pipetting and incubated for 10 minutes at 4°C on a roller. To release the cells, 1mL of isolation buffer was added to the cell suspension and pipetted gently. Finally, the cell suspension was centrifuged for 10 minutes at 350 x g at 4˚C, supernatant discarded and cell pellet stored at -80˚C until further use. 

[bookmark: _Toc94007754]4.3.6   Molecular investigation of gene expression in human monocytes isolated from patient by real-time reverse transcription polymerase chain reaction (qRT-PCR)
 4.3.6.1 RNA isolation 

To isolate total RNA from cells, the GenElute™ Mammalian Total RNA Miniprep Kit (Sigma-Aldrich, UK) was used according to the manufacturer’s instructions. In order to avoid any RNase activity, RNase-free water and RNase-free reaction tubes were used during the procedure. Briefly, total RNA was extracted by adding 350μl of lysis buffer containing 1% β-mercaptoethanol. An equal volume of 70% ethanol was added and mixed with the lysates. The mixture was then transferred to the mini spin column, centrifuged for 25 seconds at 13000 rpm following two washing steps (wash solutions 1 and 2). Finally, the RNA was eluted with 30μl RNase-free water.

4.3.6.2 cDNA synthesis

Prior to carrying out quantitative real-time polymerase chain reaction (qRT-PCR), RNA was reverse-transcribed to cDNA using the Precision nanoScript2 Reverse Transcription Kit (Pimerdesign Ltd, UK) (see section 2.3.6.2).
qRT-PCR using SYBR® Green methodology
Expression of housekeeping genes were used to normalise the mean CT values of all sample targets to account for variations in the starting amounts of total RNA in each sample. A volume of 5µL of cDNA sample was added in duplicate into a 96-well PCR plate. qRT-PCR mastermix (10µL KiCqStart SYBR Green qPCR ReadyMix™ containing ROX™ (Sigma Aldrich, UK), 2µL primer (See table 2.11 for targets), 3µL RNase free water) was prepared and 15µL was added to each well. Plates were sealed using an adhesive film before being run on the Agilent Mx3000P QPCR System (Agilent, USA) using the following cycle: 
[image: ]
 Relative quantification analysis of qRT-PCR data 
Duplicate CT values from the same biological sample were averaged to give a representative value. Measured CT values were analysed using the 2-∆∆CT method to determine the relative gene expression normalised against housekeeping genes. ∆CT values were calculated using the following equation:
∆CT = CT (mean target) - CT (mean housekeeping)
Target gene expression was normalised to untreated (placebo) patients and calculated as follows: 
Relative expression = 2-∆∆CT
2-∆∆CT values of placebo treated patients is 1 if normalised to their own baseline, or approximately 1 if normalised to the average baseline of the group (calibrator control value). Mean relative gene expression is presented graphically as relative fold-change from the calibrator control value and error bars representing standard error. 
Table 4.2: Summary table of qRT-PCR primer targets used for mRNA analysis of the monocytes isolated from patients from the clinical trial: testosterone replacement in male patients with hypogonadism and T2DM.
	Gene symbol
	Gene name
	Accession number

	B2M
	Beta-2-microglobulin
	

	IL-1β
	Interleukin 1 beta
	

	IL-6
	Interleukin 6
	

	IL-10
	Interleukin 10
	

	TNFα
	Tumour necrosis factor alpha
	

	CCL2
	Monocyte chemoattractant protein 1
	

	ICAM-1
	Intracellular adhesion molecule 1
	

	SCARB1
	Scavenger receptor class B type 1
	

	IRF3
	Interferon regulatory factor 3
	

	TLR2
	Toll receptor 2
	

	TLR4
	Toll receptor 4
	








[bookmark: _Toc94007755]4.3.7: In vitro investigation of the role of testosterone on monocytes/macrophages and endothelial cells 

4.3.7.1:  Cell Culture 
All cell culture procedures were carried out under sterile conditions in a laminar flow hood using sterile equipment. All cell lines were tested regularly for mycoplasma contamination using the MycoAlert™ mycoplasma detection kit (Lonza) and were all tested negative throughout the study.

4.3.7.2: Experimental conditions for testing the effect of testosterone on the inflammatory profile in human monocytes 

Testosterone (Sigma-Aldrich, UK) was dissolved in molecular grade ethanol (Sigma-Aldrich, UK) at an initial dilution of 100mg/mL and stored at 4°C until use. The testosterone solution was further diluted in serum-free medium to working concentrations, via an initial 1:1000 dilution in ethanol. Cells were seeded into 6 well plates (NUNC™), at an initial density of 3x105 cells/mL in complete medium containing testosterone at working concentrations of 10, 30, 50 and 100nM/mL and cultured for 24-48 hours at 37°C. Ethanol, at a volume equal to that of the diluted working solution of testosterone was used as the vehicle control. Serum-free medium was used as control and all experiments repeated at least three times for each condition. 

4.3.7.3: Experimental conditions for investigating the effect of testosterone on the inflammatory profile in human macrophages 

Cells were seeded into 6 well plates (NUNC™), at a density of 3x105 cells/mL in 2mL of complete medium containing and differentiated with 10ng/mL phorbol 12-myristate-13-acetate (PMA) for 48 hours. Following initial differentiation, cells were incubated with 10ng/mL LPS (Sigma Aldrich, Poole UK) and 20ng/mL recombinant IFN-γ (Peprotech, UK) in fresh serum-free medium for 24 hours to induce an M1 phenotype activation state. M2a differentiation was achieved by the combined treatment with 25ng/mL of recombinant human cytokines IL-4 and IL-13 (Peprotech, UK) for 24 hours in fresh serum free medium. After differentiation cells were treated with testosterone at working concentrations of 10, 30, 50 and 100nM/mL and cultured for 24-48 hours at 37°C. Ethanol, at a volume equal to that of the diluted working solution of testosterone was used as the vehicle control. 

[bookmark: _Toc94007756]4.3.8 Determination of pro- and anti-inflammatory biomarkers in patients by Cytometric Bead Array 

In the present study the BD™ Cyotmetric Bead Array analysis was used and antibodies targeted against IL-1β, IL-6, IL-10, TNFα, IFNγ, TGFβ, MCP-1, CX3CR1, VCAM-1, ICAM-1, E-selectin and L-selectin were analysed.
All reagents and 96-well assay plates were supplied by Becton Dickinson (BD, UK). All sample preparation and analysis were performed by Dr. Lauren Bateman in collaboration with Susan Clark as part of the University of Sheffield core research facilities service. 

Capture beads contain unique amounts of a single red dye that have unique spectral properties distinguishable by flow cytometric analysis, allowing analysis of samples. The distinct bead populations are coated with antibodies directed against a particular soluble protein target. The targets are captured to the beads and detected with a secondary fluorescent antibody against the analyte of interest, which forms a sandwich complex. Using flow cytometry for excitation and subsequent detection of emission of the fluorochromes conjugated to the detection antibody, which is different to the emission wavelength of the bead dye, analytes can be measured quantitatively against a range of standards with known concentration. Multiple distinct bead sets can be added to an individual sample to detect multiple targets simultaneously, allowing for small sample volumes to be analysed for multiple analytes. In the present study the BD™ CBA soluble proteins, targeted against IL-1β (Cat No.:560232), IL-6 (Cat No.:558301), IL-10 (Cat No.:558300) MCP-1 (Cat No.:558342), TNFα (Cat No.:558299), IFNγ (Cat No.:558296), E-selectin (Cat No.:560384) and L-selectin (Cat No.:560385) (BD, UK) were analysed. 

All reagent working solutions were made up fresh on the day and stored at 4°C until use. Serum samples were thawed at 4°C. A standard curve of known concentrations of each target was produced by serially diluting the standards. 96-well reaction plates were pre-wet with 100μL of wash buffer added to each well, followed by immediate removal. Capture bead working solution was vortexed directly before use and 25μL was added to each assay well. Twenty-five microlitres of sample or known standard was added to each assay well. The plate was then mixed for 5 minutes on a shaker at 500rpm and then incubated at room temperature for 1 hour. Twenty-five microlitres of PE detection reagent working solution was added to each assay well. The plates were then mixed on a shaker at 500rpm and incubated at room temperature for 2 hours. Assay wells were drained and the beads were resuspended in 150μL of wash buffer per well, followed by shaking for 5 minutes. The assay plate was measured on the BD FACS Array™ flow cytometer and analysed using FCAP Array™ software (Figure 2.1). 
Figure 4.2 Cytometric Bead Array (CBA) principle.
[image: ]
 Each capture bead in the array has a unique fluorescence intensity and is coated with a capture antibody specific for a single analyte. A combination of different beads is mixed with a sample or standard and a mixture of detection antibodies that are conjugated to a reporter molecule (PE). Following incubation and subsequent washing, the samples are acquired on a flow cytometer. The FCAP Array analysis software gates each individual bead population and determines the median fluorescence intensity (MFI) for each analyte in the array. From this a standard curve can be generated and sample concentrations were calculated relative to this. (Adapted from bdbiosciences.com)(Bateman, September 2020)

[bookmark: _Toc94007757]4.3.9 Measurement of AR CAG - summary 

DNA was extracted from peripheral lymphocytes in whole blood and success was confirmed with spectrophotometry.  DNA amplified by polymerase chain reactions (PCR) to amplify the region of the AR gene containing AR CAG and success was confirmed by gel electrophoresis.  Samples required magnetic separation of PCR products for optimisation and were analysed by automated sequencer which produced electropherograms from which the DNA sequence could be derived. 

Extraction of DNA from human lymphocytes 

Samples were allowed to come to room temperature.  1 ml blood was dispensed into 15 ml polypropylene conical bottomed tubes and 8 ml solution A added (red cell lysis buffer; Appendix 2 for constituents).  Samples were left for 5 minutes at room temperature with occasional mixing and were then spun at 3000 rpm for 10 minutes in a centrifuge at room temperature.  The supernatant was discarded and the pellet and residue re-suspended in 4 ml solution A and mixed for 4 minutes at room temperature.  The samples were then spun at 1700 rpm in a centrifuge for 4 minutes at room temperature.  The supernatant was poured off and discarded.  Pellet and residue were re-suspended in 400 µl solution B (leucocyte lysis buffer; Appendix 2 for constituents) using a vortex.  100 µl 5M Sodium perchlorate was added and the tube inverted 8 times.  400 µl pre-cooled chloroform was added and tube inverted 10 times.  Samples were then spun at 2200 rpm for 3 minutes in a centrifuge at room temperature.  At this stage the contents had separated into three layers.  The top aqueous layer was carefully pipetted into 1 ml cold ethanol and gently inverted 15 times leading to precipitation of DNA which was now visible.  DNA was removed from the ethanol with a sealed Pasteur pipette, allowed to dry for five minutes and then re-suspended in 100 µl distilled water within in a 1.5 ml Eppendorf tube.  Samples were left on rotating wheel for 24-72 hours to allow full resuspension and then stored at -20°C. 
 Polymerase chain reaction (PCR) to amplify section of androgen receptor 
gene containing AR CAG (adapted from ABGene the Master mix PCR 
protocol) 
DNA was amplified in 25 µl reactions containing 22.5 µl PCR Master mix (ABGene, Epsom, UK- 1.25U DNA polymerase, 75mM Tris-HCl (pH 8.8 at 25oC), 20mM (NH4)2SO4, 0.01% Tween 20c, 200µM of each dATP, dCTP, dGTP, dTTP, 1.5mM MgCl2), 0.5 µl 10pmol/µl each primer, 0.5 µl distilled water and 1 µl DNA containing sample.  The primers used for AR CAG amplification were 5’-GCT GTG AAG GTT GCT GTT CCT CAT-3’ and 5’-TCC AGA ATC TGT TCC AGA GCG TGC-3’.  The amplifications for AR CAG were performed using anautomated thermal cycler applying the following PCR conditions: initialization at 94oC for 5 min, followed by 32 cycles of denaturation at 94oC for 1 minute, primer annealing at 58oC for 1 minute and primer extension at 72oC for 1 minute.  This was followed by a 7 min final extension at 72oC.


Agarose gel electrophoresis to confirm PCR product 

A 2% agarose gel was made by heating 3g agarose and 150 ml 1x Tris-Borate EDTA (see Appendix for constituents) in a microwave for about 1 minute until fully dissolved.  After allowing to cool slightly, 2 µl of 10mg/ml ethidium bromide was added and mixed.  The gel was poured into a template and allowed to set. 

 When set, the templates were removed and the gel was submerged in 1x Tris-Borate EDTA. 10 µl sample plus 2 µl loading buffer was added to each well within the gel.  Samples of DNA ladder were entered in the end well.  The gel tank was closed and the gel was run at 90 Volts for 45 minutes.  The gel was inspected in UV light to confirm samples that had DNA product from the PCR.
Magnetic separation and use of automated sequencer (Core Facility) 

[bookmark: _Toc78567110]After magnetic separation to remove non-specific products and excess primers PCR products were analysed by the capillary based AB3730 automated sequencer (Applied Biosystems, Warrington, UK).  The primer for sequencing were AR CAG; 5’-GCT GTG AAG GTT GCT GTT CCT CAT-3’.  Electropherograms were produced which were viewed with Finch TV software (Geospiza, USA) allowing length of AR CAG repeat sequence to be counted. The majority of samples returned appropriate quantities of DNA and the gel allowed identification of those samples needing repeat PCR. 












[bookmark: _Toc94007758]CHAPTER 5: EFFECT OF TESTOSTERONE ON TYPE 2 DIABETES AND INSULIN RESISTANCE IN HYPOGONADAL MEN WITH UNCONTROLLED TYPE 2 DIABETES
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CHAPTER 5: EFFECT OF TESTOSTERONE ON TYPE 2 DIABETES AND INSULIN RESISTANCE IN HYPOGONADAL MEN WITH UNCONTROLLED TYPE 2 DIABETES

[bookmark: _Toc336266061][bookmark: _Toc78567112][bookmark: _Toc94007759]5.1 Introduction	

Epidemiological studies have consistently reported a high prevalence of low testosterone levels in men with the metabolic syndrome, obesity and type 2 diabetes mellitus compared to the general population(Kapoor et al., 2007a; Ding et al., 2006; Hofstra et al., 2008; Dhindsa et al., 2004). Furthermore, longitudinal population studies have shown that low testosterone and sex hormone binding globulin (SHBG) are independent predictors of the future occurrence of these conditions(Stellato et al., 2000a; Haffner et al., 1996; Oh et al.; Laaksonen et al., 2004). Low testosterone acts as a precursor or a biomarker for development of type 2 diabetes in healthy men (Stellato et al., 2000a; Haffner et al., 1996; Oh et al.; Laaksonen et al., 2004). Corona et al(Corona et al.) in their recent meta-analysis of 28 cross sectional studies showed that total testosterone was lower in men with type 2 diabetes ( n-1822) compared to controls (n = 10,009) [ mean difference -2.99 nmol/lt (95% CI, -3.59 to -2.4)] and the association was independent of age and BMI. Further similar such association with free testosterone was demonstrated by NHANES III survey with Odd’s ratio of prevalent type 2 diabetes being as high as 4.12 ( 95% CI 1.25 to 13.5 p=0.04) in men with the lowest tertile of  calculated free testosterone even after adjusting for other confounding factors such as age, adiposity and ethnicity(Selvin et al.). 

Men on androgen deprivation therapy for prostate cancer treatment have shown worsening glycaemic control with an increase in HbA1C and an increasing incidence of developing type 2 diabetes (Derweesh et al.; Keating, O'Malley and Smith; Dockery et al., 2003; Smith et al., 2001). Also, prospective studies have shown an inverse relationship between total and free testosterone and an increased risk of incident diabetes in the future (Vikan et al.; Lakshman, Bhasin and Araujo; Laaksonen et al., 2004; Ding et al., 2006; Oh et al.; Haffner et al., 1996; Stellato et al., 2000a). However only one study showed low free testosterone being independent predictor of type 2 diabetes(Stellato et al., 2000a). 

These studies demonstrate that there is a bidirectional relationship between low testosterone and type 2 diabetes. This multidirectional interrelationships between serum testosterone and SHBG with obesity, metabolic syndrome, and type 2 diabetes are clearly explained by Wang et al(Bai et al., 2011)

Liver, muscle and fat are the major tissues which contribute to the total body insulin sensitivity(Guo, 2014). Insulin resistance can be defined as a reduced capacity of the tissues to metabolise glucose and free fatty acids. Excess calorific intake combined with increasing insulin resistance in adipose tissue impairs the ability of free fatty acids to be completely removed from the circulation by adipocytes leading to an overspill into liver, muscle and other non-adipose tissues. Hepatic steatosis and non-alcoholic steatotic hepatitis (NASH), intramyocellular fat in muscle and atherosclerosis are therefore consequences of insulin resistance(Ginsberg, 2000). Insulin resistance therefore forms a key target of therapy for many medications like metformin and thiazolidinediones commonly used in the treatment of type 2 diabetes. 

The Health in Men (HIM) study showed that lower total testosterone is associated with insulin resistance independently of measures of central obesity in older men(Yeap et al., 2009). Testosterone is negatively correlated with insulin resistance and HbA1c(Pitteloud et al., 2005; Mårin et al., 1992; Kapoor et al., 2006).  Several interventional studies including studies from our own group have shown a significant improvement in insulin resistance and glycaemic control with testosterone replacement therapy(Marin, 1995; Simon et al., 2001; Kapoor et al., 2006; Naharci et al., 2007; Jones et al., 2011a). Our group was the first to demonstrate that TRT improved insulin resistance and glycaemic control in hypogonadal men with type 2 diabetes(Kapoor et al., 2006). However, not all the studies showed that testosterone has similar positive metabolic effects in the literature. Hence the controversy around the effects of testosterone on metabolic effects continues to be a hot topic. 

Most RCTs in the literature haven’t looked at glycaemic control as the primary end point except the BLAST study(Hackett et al., 2011) and Gianatti et al(Gianatti et al., 2014a). Also, the population in most RCTs were a mixture of patients with type 2 diabetes, obesity and metabolic syndrome as these entities often overlap. We therefore conducted a randomized placebo controlled double blinded to test the effect of testosterone primarily on glycaemic control in a cohort of people who have both poorly controlled type 2 diabetes and hypogonadism. 

[bookmark: _Hlk94003624]Aims, methods, inclusion and exclusion criteria and statistical analytical methods are discussed in detail in chapter 3.


[bookmark: _Toc94007760]5.2 Results:
[bookmark: _Toc94007761]5.2.1: Baseline Characteristics of the study population:
5.2.1.1: Patient Demographics at baseline:

156 patients were screened for the study. 91 of them were not eligible for the study due to their HbA1c not being in the study range of 53-80 mmol/mol or they did not have confirmed hypogonadism (early morning [0800−1000 h] total testosterone [TT] ≤12 nmol/L or calculated free testosterone ≤255 pmol/L on two occasions ≥1 week apart), with at least two symptoms of hypogonadism or both of the above. 65 of them were randomised (testosterone n=32, placebo n=33) after meeting the eligibility criteria as described before.  Phase 1 of the study was completed by all the 65 patients. However, one of the patients had to be excluded from analysis as he had multiple episodes of infection (known foot ulcer patient) as this would directly affect the primary end point of glycemic control. 

Mean age of the population was 59 years with the range being 42 to 77 yrs. 63 participants were Caucasians, one was Asian and one Persian/Italian. Marital status at baseline is described in table 5.1.

All participants had type 2 diabetes mellitus at baseline. Mean duration since the diagnosis of diabetes was 8.6 years. 17 patients were on Insulin for their diabetes. All participants had confirmed hypogonadism and had no absolute contraindication for testosterone replacement therapy. Mean baseline characteristics of the whole study population is shown in table 5.2.

Table no 5.1: Marital status of the study population at baseline

	Marital Status

	Single
	8

	Married
	41

	Divorced
	02

	Separated
	01

	Separated but in a relationship
	10

	Widowed - SD
	01

	Undisclosed
	02







Table 5.2:  Baseline characteristics of the whole study population
	
	Total population

	Age in years
	58.94±8.98 (42 - 77)

	Duration of Diabetes in months
	102.86±67.96 (0 - 252)

	Number of patients on Insulin (percentage)
	17(26.2%)

	Duration on insulin in months
	51.29±66.45 (0 - 216)




5.2.1.2: Co-morbidities at baseline:

46 out of 65 in the cohort had cardiovascular disease with 55.4% of them having hypertension. 13.8% of the population had past medical history of myocardial infarction and 6.2% had angina.  Following table 5.3 narrates their cardiovascular status of the study cohort at baseline.

Table 5.3: Cardiovascular Comorbidities of the participants at baseline
	
	            YES
           n (%)
	                NO
               n (%)

	Cardiovascular disease
	46 (70.8%)
	19 (29.2%)

	Myocardial infarction
	9 (13.8%)
	56 (86.2%)

	Angina
	4 (6.2%)
	61 (93.8%)

	Congestive cardiac failure
	0 (0%)
	65 (100%)

	Peripheral vascular disease
	1 (1.5%)
	64 (98.5%)

	Hypertension
	36 (55.4)
	29 (44.6%)

	TIA
	1 (1.5%)
	64 (98.5%)

	CVA
	1 (1.5%)
	64 (98.5%)



None of the patients had hypercoagulable state or haematocrit more than 0.5 L/L at baseline.
9 out of 65 patients had enlarged prostrate at baseline on digital rectal examination however none of the participants had an elevated PSA at baseline.



5.2.1.3: Pharmacological profile of patients at baseline:

Four subjects were treated by diet alone for their diabetes. 17 patients were on Insulin therapy for their diabetes. Majority of the patients (61) were on Oral Hypoglycaemic medications (OHA). 30 of these were exclusively on OHA and not on any other injectable like Insulin or GLP-1 RA. Majority of the participants (55) were on Statin treatment for their hypercholesterolemia. 51 were on one or the other form of antihypertensives. Following table 5.4 shows the pharmacological profile of patients at their baseline.

5.2.1.4: Physical activity, smoking and Alcohol intake at baseline:

Physical activity levels were captured at each visit. Around 47% of the patients were active more than 20 minutes three times a week at baseline. Any drastic change in the physical activity levels were captured at 3 monthly study visits. Following two tables (5.5 and 5.6) show the physical activity profile and smoking status of the participants at baseline respectively.



















Table 5.4:  Pharmacological profile of patients at baseline

	Diabetes Medications

	None (Diet controlled)
	4

	Oral hypoglycaemic agents
	61 (30 only on OHA)

	SGLT-2 inhibitors
	3

	GLP-1 Agonist + Oral hypoglycaemic agents
	18

	Insulin + Oral hypoglycaemic agents
	17

	Antihypertensive medications
	51

	ACE-inhibitors/Angiotensin 
receptor antagonists
	47

	Lipid medications
	

	Statins
	55

	Ezetimibe
	3

	PDE-5 inhibitors
	14




Table 5.5: Physical activity levels of the participants at baseline
	Physical activity levels
	

	Less than 20 minutes three times a week
	27

	20 minutes three times a week
	7

	More than 20 minutes three times a week
	31







Table 5.6: Smoking status of the patients at baseline
	Smoking status
	

	Active smokers
	7

	Non-smokers
	30

	Ex-smokers
	28




[bookmark: _Toc94007762]5.2.2: Baseline characteristics of patients in active and placebo group

Baseline characteristics were comparable between the active and placebo groups as illustrated in table 5.7, table 5.8 and table 5.9. Chi- square test was applied to variables in table 5.7 and there was no statistical significance indicating that the age and comorbidities were similar in both groups. Similarly, there was no statistically significant difference in the data between the two groups as evidenced by the p values in table 5.8 and 5.9 apart from diastolic blood pressure following t-test/Mann Whitney test depending on the distribution of normality. This confirms that the two cohorts were similar in its characteristics and hence comparable groups.


Table 5.7:  Age and comorbidities in placebo and active groups at baseline
	
	Active Group
	Placebo Group
	Total
	p value

	
Age (years)

	59.03±7.58 (42 - 74)
	58.94±10.35 (43 - 77)
	58.94±8.98 (42 - 77)
	0.763

	
Duration of DM (months)
	102.39±73.96 (0 - 252)
	103.34±62.34 (3 - 204)
	102.86±67.96 (0 - 252)
	0.853

	Number on
Insulin
	9(28.1)
	8(24.2)
	17(26.2)
	0.722

	
Duration on
Insulin (months)
	64.08±76.21 (0 - 216)
	36.18±52.17 (0 - 156)
	51.29±66.45 (0 - 216)
	0.316

	
CV disease
	27(84.4)
	19(57.6)
	46(70.8)
	0.051

	
MI
	5(15.2)
	4(12.5)
	9(13.8)
	0.96

	
Angina
	4(12.1)
	0(0.0)
	4(6.2)
	0.036

	
CCF
	0(0.0)
	0(0.0)
	0(0.0)
	

	
PVD
	1(3.0)
	0(0.0)
	1(1.5)
	0.306

	
HTN
	23(71.9)
	13(39.4)
	36(55.4)
	0.008

	
CVA
	0(0.00)
	1(3.1)
	1(1.5)
	0.329

	
TIA
	1(3.0)
	0(0.0)
	1(1.5)
	0.306


Data are presented as mean ± SD (range) or n (%) unless otherwise indicated




Table 5.8: Baseline clinical measurements in active and placebo groups
	

	Active Group
(mean ± SD)
	

Placebo Group
(mean ± SD)


	Total
(mean ± SD)
	p value

	
Weight (kgs)

	104.91±17.47


	109.68±23.82


	
107.33±20.91
	0.362

	
BMI (kg/m²)

	34.09±5.73


	34.92±5.91


	
34.48±5.8
	0.577#

	Waist Circumference (cms)
	112.86±18.40


	118.59±16.32


	
115.77±17.48
	0.270#

	Hip Circumference
(cms)
	112.83±17.18



	
115.32±12.26



	
14.09±14.82
	0.505

	
Waist Hip Ratio

	1.00±0.06

	1.03±0.07

	
1.01±0.07
	0.047

	
Systolic BP
(mm of Hg)
	140.00±12.43
	136.09±17.21
	137.98±15.1
	0.536#

	
Diastolic BP
(mm of Hg)
	83.71±9.75
	80.06±8.35
	81.83±9.17
	0.148#

	
Pulse Rate
(beats/min)
	75.26±12.61
	79.30±9.86
	77.34±11.37
	0.075#

	
Overall Average Dynamometer(kgs)
	34.33±8.23
	35.59±10.01
	35.11±9.14
	0.315#

	
Percentage Fat

	34.00±7.13
	35.97±7.47
	35.00±7.31
	0.451#

	
Fat mass
(kgs)
	36.64±12.88
	40.81±17.22
	38.74±15.21
	0.408#

	
Fat free mass
(kgs)
	68.03±6.87
	68.88±9.16
	68.46±8.07
	0.916#


[bookmark: _Hlk57721583]# non-parametric data analysed with non-parametric tests
[bookmark: _Hlk62476748]Table 5.9: Baseline laboratory measurements in active and placebo groups
# non-parametric data analysed with non-parametric tests
	

	Active Group
(mean ± SD)
	Placebo Group
(mean ± SD)
	Total
(mean ± SD)
	p value

	HbA1c
mmol/mmol
	61.78±7.14
	64.79±8.67
	63.31±8.03
	0.210#

	Plasma glucose
mmol/L
	9.80±2.87
	9.94±3.30
	9.87±3.10
	0.485#

	Total Testosterone
nmol/L
	8.76±2.08
	9.07±2.49
	8.90±2.29
	0.803#

	SHBG
nmol/L
	31.38±13.31
	36.32±25.49
	33.93±20.51
	0.332

	cFT(nmol/l)
	0.17±0.06
	0.18±0.06
	0.18±0.06
	0.663#

	cBT(nmol/l)
	2.72±0.79
	2.86±0.70
	2.83±0.66
	0.454

	Oestradiol
pmol/L
	115.56±32.06
	113.80±29.29
	114.71±30.51
	0.657#

	LH
IU/L
	6.48±5.60
	5.08±3.11
	5.79±4.53
	0.219

	FSH
IU/L
	9.76±9.72
	9.39±7.30
	9.54±8.53
	0.863

	PSA
µg/L
	1.02±0.70
	1.01±0.97
	0.99±0.87
	0.984

	Total cholesterol
mmol/L
	3.89±0.81
	3.89±0.94
	3.91±0.87
	0.999

	LDL
mmol/L
	1.95±0.82
	2.07±0.77
	1.99±0.83
	0.500#

	HDL
mmol/L
	1.05±0.26
	1.01±0.30
	1.02±0.28
	0.294#

	Triglycerides
mmol/L
	2.20±1.03
	1.95±1.24
	2.09±1.14
	0.370

	Cholesterol: HDL 
ratio
	3.95±0.97
	3.95±1.22
	3.92±1.13
	0.880#

	Haematocrit
L/L
	0.43±0.03
	0.42±0.033
	0.42±0.082
	0.194#

	ALT
U/L
	38.94±15.36
	31.94±20.32
	35.44±18.21
	0.125

	AST
U/L
	27.91±9.47
	28.09±14.95
	28.00±12.42
	0.952

	GGT
U/L
	54.13±32.67
	72.68±114.05
	63.25±83.16
	0.389


[bookmark: _Hlk57287917](HbA1c- glycosylated haemoglobin, SHBG- Sex Hormone Binding Globulin, cFT – calculated free testosterone, cBT -calculated bioavailable testosterone, LH- Luteinising hormone, FSH – Follicle cell stimulating hormone, PSA- Prostate specific antigen, LDL -low density lipoprotein, HDL -high density lipoprotein, ALT – Alanine transaminase, AST- Aspartate aminotransferase, GGT – gamma glutamyl transferase)

[bookmark: _Toc94007763]5.2.3: Testosterone and Glycemic control: (HOMA-IR)

5.2.3.1: Correlation between HbA1c and testosterone levels at baseline:

Total testosterone (TT) did not significantly associate with glycated haemoglobin (HbA1c) at baseline. We looked at the correlation between Calculated Free Testosterone (cFT) and Calculated Bioavailable Testosterone (cBT) and there was no significant correlation between HbA1C and cFT and cBT at baseline as shown in the following table 5.10.

Table 5.10: Correlation of HbA1C and testosterone levels:
	 
	TT
	cFT
	cBT

	HbA1C
	Pearson Correlation
	0.172
	0.059
	0.068

	
	Sig. (2-tailed)
	0.170
	0.639
	0.588

	
	N
	65
	65
	65







5.2.3.2: Effect of testosterone on HbA1C:
[bookmark: _Hlk58327370]
After 6 months of treatment with testosterone undecanoate, there was no significant difference in mean HbA1c levels between placebo and active groups (table 5.11 and fig 5.1). HbA1c increased numerically but was not statistically significant in both groups which may represent the natural course of the illness. Similarly, there was no significant difference in fasting plasma glucose between the two groups (table 5.11 and fig 5.2).

We then looked at the effect of testosterone treatment on HbA1c levels in the insulin treated group (p=0.496) and non-insulin treated group (p=0.144). However, there was no significant difference in the two groups either 

[bookmark: _Hlk57288404]Table 5.11: Effect of testosterone on HbA1c and Fasting plasma glucose after 6 months of TRT
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	HbA1c
	61.45±7.00
	65.10±12.59
	64.79±8.67
	67.42±13.29
	0.872#
	1.009±2.464
	-3.92
	5.938

	Fasting Plasma glucose

	9.64±2.76
	9.35±2.55
	9.92±3.31
	9.91±2.87
	0.531#
	-0.301±0.815
	-1.931
	1.33


# non-parametric data analysed with non-parametric tests



Figure 5.1: Effect of testosterone on HbA1c after 6 months of TRT



Figure 5.2: Effect of testosterone on fasting plasma glucose after 6 months of TRT



We also looked the effect of testosterone on HbA1c in the subgroup where the total testosterone level was less than 8 nmol/l at baseline (table 5.12). There was no significant difference in HbA1c between the two groups. Similarly, there was no significant difference between the two groups in the cohorts where cFT <0.255 nmol/l and cBT < 2.5 nmol/l at baseline (table 5.13 and table 5.14)

Table 5.12: Effect of testosterone on HbA1c after 6 months of TRT in patients who had TT<8nmol/l at baseline
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	HbA1c
	60.25±5.312
	71.88±12.287
	62.78±7.446
	63.67±11.55
	0.069
	10.736±5.435
	-0.968
	22.44









Table 5.13: Effect of testosterone on HbA1c after 6 months of TRT in patients who had cFT<.255 nmol/l at baseline
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	HbA1c
	61.14±6.723
	66.00±12.027
	64.79±8.667
	67.42±13.288
	0.356
	2.226±2.390
	-2.557
	7.009




Table 5.14: Effect of testosterone on HbA1c after 6 months of TRT in patients who had cBT< 2.5 nmol/l at baseline
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	HbA1c
	59.50±5.128
	66.83±10.722
	63.63±7.050
	66.25±11.720
	0.401
	4.708±5.389
	-7.194
	16.611







Figure 5.3 represents a line plot of individual participant’s HbA1c at baseline, 3 months and 6 months in the active group. Similarly, figure 5.4 shows the same in placebo group. These charts show that the HbA1c is clustered at baseline because of the strict inclusion criteria and starts to scatter at 3 and 6 months indicating the variability of glycaemic control in the cohort over the course. Some participants in both groups showed improvement and others worsened their glycaemic control and very few remained the same. This is narrated in figure 5.5 and 5.5a. However, this phenomenon was seen in both the groups and there was no significant difference between the groups at 6 months point.












Figure 5.3: Line plot depicting individual HbA1c values at baseline, 3months and 6 months in active group








Figure 5.4: Line plot depicting individual HbA1c values at baseline, 3months and 6 months in placebo group


Figure 5.5: Comparative HbA1c levels after 3 months of TRT


Figure 5.5a: Comparative HbA1c levels after 6 months of TRT



5.2.4: Testosterone and Body Composition:
Figure 5.6 and 5.7 shows the distribution of weight and BMI at baseline.
Figure 5.6: Frequency distribution of weight at baseline
[image: ]
Figure 5.7: Frequency distribution of BMI at baseline
[image: ]
5.2.4.1: Correlations between sex hormones and body composition at baseline:
[bookmark: _Hlk58326356]
Total testosterone levels or the cFT or cBT did not show significant correlation with weight however, Total testosterone and cBT showed significant inverse correlation with body mass index (BMI) (r=-0.289; p=0.020, r=-0.314; p=0.011) (figure 5.8 and 5.10). cFT did not show significant association with BMI (r=-0.187; p=0.136) (figure 5.9). These correlations remained significant in the linear regression analysis after adjusting for age, smoking and SHBG (table 5.15 and 5.16)

Total testosterone levels or the cFT or cBT did not show significant correlation with waist circumference. Total testosterone levels and cBT also did not show significant correlation with waist hip ratio (WHR) (figure 5.11 and 5.13) but cFT was approaching significant positive correlation with waist hip ratio (WHR) (r=0.241; p=0.053) (figure 5.12) but lost significance after adjusting for age, smoking and SHBG. SHBG levels did not correlate with BMI or the waist circumference.







Figure 5.8: BMI vs TT levels before adjusting for covariates.



Figure 5.9: BMI vs cFT levels before adjusting for covariates.


[bookmark: _Hlk58406088]
Figure 5.10: BMI vs cBT levels before adjusting for covariates.


Table 5.15: Linear regression of BMI vs total testosterone levels. The covariates that were adjusted for are shown in the table underneath BMI
	R=0.382
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	BMI
	B
	Std. Error
	Beta
	
	

	(Constant)
	50.023
	6.423
	 
	7.788
	0.000

	Total Testosterone
	-1.121
	0.362
	-0.442
	-3.093
	0.003

	Age
	-0.140
	0.097
	-0.218
	-1.453
	0.151

	Smoking 
	0.030
	0.963
	0.004
	0.031
	0.975

	SHBG
	0.076
	0.041
	0.268
	1.837
	0.071





Table 5.16: Linear regression of BMI vs cBT levels. The covariates that were adjusted for are shown in the table underneath BMI
	R=0.370
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	BMI
	B
	Std. Error
	Beta
	
	

	(Constant)
	51.74
	6.99
	 
	7.41
	0.00

	cBT
	-3.46
	1.17
	-0.39
	-2.97
	0.00

	Age
	-0.14
	0.10
	-0.22
	-1.43
	0.16

	Smoking 
	0.00
	0.97
	0.00
	0.00
	1.00

	SHBG
	0.02
	0.04
	0.07
	0.55
	0.58




Figure 5.11: Waist hip Ratio vs TT levels before adjusting for covariates.



Figure 5.12: Waist Hip Ratio vs cFT levels before adjusting for covariates.


Figure 5.13: Waist Hip Ratio vs cBT levels before adjusting for covariates.


Total testosterone levels, cFT and cBT showed significant strong negative correlation with percentage fat as measured using Tanita BF-300 body fat analyser (Tanita Corporation, Japan). (figure 5.14, 5.15 and 5.16). Similarly, Total testosterone, cFT and cBT showed significant strong inverse correlation with fat mass too (fig 5.17, 5.18 and 5.19). These correlations remained significant in the linear regression analysis after adjusting for age, smoking and SHBG. (table 5.17 to table 5.22)

Total testosterone levels or the cFT or cBT did not show significant correlation with fat free mass.

Figure 5.14: Percentage fat vs TT levels before adjusting for covariates.











Figure 5.15: Percentage fat vs cFT levels before adjusting for covariates.


Figure 5.16: Percentage fat vs cBT levels before adjusting for covariates.




Figure 5.17: Fat mass vs TT levels before adjusting for covariates.


Figure 5.18: Fat mass vs cFT levels before adjusting for covariates.



Figure 5.19: Fat mass vs cBT levels before adjusting for covariates.



Table 5.17: Linear regression of percentage fat vs TT levels. The covariates that were adjusted for are shown in the table underneath percentage fat
	R=0.419
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	FAT%
	B
	Std. Error
	Beta
	
	

	(Constant)
	47.15
	7.98
	 
	5.91
	0.00

	Total Testosterone
	-1.45
	0.45
	-0.45
	-3.23
	0.00

	Age
	-0.01
	0.12
	-0.01
	-0.06
	0.96

	Smoking 
	-0.16
	1.20
	-0.02
	-0.13
	0.89

	SHBG
	0.04
	0.05
	0.12
	0.85
	0.40






Table 5.18: Linear regression of percentage fat vs cFT levels. The covariates that were adjusted for are shown in the table underneath percentage fat
	R=0.303
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	FAT%
	B
	Std. Error
	Beta
	
	

	(Constant)
	41.75
	8.65
	 
	4.83
	0.00

	cFT
	-35.71
	17.82
	-0.30
	-2.00
	0.05

	Age
	0.05
	0.12
	0.07
	0.43
	0.67

	Smoking
	-0.43
	1.25
	-0.05
	-0.34
	0.73

	SHBG
	-0.08
	0.05
	-0.21
	-1.49
	0.14



Table 5.19: Linear regression of percentage fat vs cBT levels. The covariates that were adjusted for are shown in the table underneath percentage fat
	R=0.407
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	FAT%
	B
	Std. Error
	Beta
	
	

	(Constant)
	49.38
	8.68
	 
	5.69
	0.00

	cBT
	-4.49
	1.45
	-0.40
	-3.10
	0.00

	Age
	0.00
	0.12
	-0.01
	-0.04
	0.97

	Smoking 
	-0.20
	1.20
	-0.02
	-0.17
	0.87

	SHBG
	-0.03
	0.05
	-0.08
	-0.64
	0.53





Table 5.20: Linear regression of fat mass vs TT levels. The covariates that were adjusted for are shown in the table underneath percentage fat
	R=0.416
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	FATMASS
	B
	Std. Error
	Beta
	
	

	(Constant)
	80.16
	16.62
	 
	4.82
	0.00

	Total Testosterone
	-3.13
	0.94
	-0.47
	-3.34
	0.00

	Age
	-0.30
	0.25
	-0.18
	-1.21
	0.23

	Smoking 
	-1.14
	2.49
	-0.06
	-0.46
	0.65

	SHBG
	0.20
	0.11
	0.27
	1.87
	0.07





Table 5.21: Linear regression of fat mass vs cFT levels. The covariates that were adjusted for are shown in the table underneath percentage fat
	R=0.273
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	FATMASS
	B
	Std. Error
	Beta
	
	

	(Constant)
	66.73
	18.16
	 
	3.67
	0.00

	cFT
	-71.88
	37.44
	-0.29
	-1.92
	0.06

	Age
	-0.16
	0.26
	-0.09
	-0.61
	0.54

	Smoking 
	-1.77
	2.63
	-0.10
	-0.67
	0.50

	SHBG
	-0.05
	0.11
	-0.07
	-0.50
	0.62





Table 5.22: Linear regression of fat mass vs cBT levels. The covariates that were adjusted for are shown in the table underneath percentage fat

	R=0.403
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	FATMASS
	B
	Std. Error
	Beta
	
	

	(Constant)
	84.99
	18.09
	 
	4.70
	0.00

	cBT
	-9.68
	3.02
	-0.42
	-3.21
	0.00

	Age
	-0.30
	0.25
	-0.18
	-1.18
	0.24

	Smoking 
	-1.22
	2.51
	-0.07
	-0.49
	0.63

	SHBG
	0.04
	0.09
	0.06
	0.46
	0.65




5.2.4.2: Effect of testosterone treatment on body composition:

After 6 months of treatment with testosterone undecanoate, there was no significant difference in mean weight, BMI, WC, WHR levels between placebo and active groups (table 5.23 and fig 5.20-5.22). Similarly, there was no significant difference in percentage fat, fat mass or fat free mass between the two groups (table 5.23 and fig 23-25).


[bookmark: _Hlk58413637]Table 5.23: Effect of testosterone treatment on body composition after 6months 
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	Weight (kgs)
	103.75±16.44
	103.04±16.25
	109.95±24.15
	110.21±24.46
	0.234
	-0.97±0.80
	-2.571
	0.640

	BMI
	33.68±5.50
	33.45±5.56
	34.99±5.99
	35.04±6.02
	0.289
	-0.279±0.261
	-0.802
	0.243

	WC (cms)
	111.79±17.67
	113.21±13.90
	118.59±16.32
	116.74±20.72
	0.246
	3.27±2.79
	-8.974
	2.162

	HC (cms)
	112.08±16.93
	113.19±11.23
	115.32±12.26
	112.27±17.82
	0.169
	4.16±2.99
	-2.308
	8.851

	Waist hip ratio
	0.99±0.06
	1.00±0.06
	1.03±0.07
	1.04±0.08
	0.341
	-0.011±0.012
	-0.035
	0.124

	Percentage Fat
	34.45±6.78
	33.81±6.93
	36.15±7.67
	36.58±7.98
	0.126#
	-1.074±0.825
	-2.725
	0.577

	Fat mass (kgs)
	36.86±12.29
	35.99±12.78
	41.31±17.66
	42.01±18.07
	0.085#
	-1.574±1.199
	-3.975
	0.826

	Fat free mass (kgs)
	67.23±6.56
	67.55±5.87
	69.05±9.42
	68.66±9.96
	0.314#
	0.711±0.878
	-1.048
	2.47





Figure 5.20: Effect of testosterone on mean weight after 6 months of TRT



Figure 5.21: Effect of testosterone on body mass index after 6 months of TRT





Figure 5.22: Effect of testosterone on waist circumference after 6 months of TRT



Figure 5.23: Effect of testosterone on percentage fat after 6 months of TRT



Figure 5.24: Effect of testosterone on fat mass after 6 months of TRT



Figure 5.25: Effect of testosterone on fat free mass after 6 months of TRT






[bookmark: _Toc94007764]5.2.4: Effect on fasting lipids:
There was significant decrease in serum triglyceride levels at 6 months post treatment of testosterone in active group compared to placebo group (-0.497±0.213mmol/l, p=0.023) (Fig. 5.27). TG levels came down in active group and worsened in the placebo group. There was no significant difference in any other fasting lipids before and after treatment with testosterone undecanoate for 6 months between the groups. (table 5.26) (Fig 5.26)
Table 5.24: Effect of testosterone on fasting lipids after 6 months of TRT
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	Total Cholesterol(mmol/L)
	3.90±0.81
	3.96±0.94
	3.94±0.94
	4.05±1.09
	0.436
	-0.138±0.177
	-0.491
	0.215

	LDL(mmol/L)
	1.88±0.87
	1.87±0.86
	2.11±0.79
	2.14±0.79
	0.601
	-0.090±0.171
	-0.432
	0.252

	HDL(mmol/L)
	1.05±0.28
	1.02±0.27
	0.99±0.28
	1.00±0.13
	0.362
	0.053±0.058
	-0.062
	0.168

	Triglycerides(mmol/L)
	2.23±1.05
	2.03±1.02
	1.96±1.24
	2.18±1.45
	0.023*
	-0.497±0.213
	-0.923
	-0.07

	Cholesterol:HDL ratio

	3.93±1.03
	3.86±1.05
	3.93±1.24
	4.28±1.04
	0.068
	-0.392±0.210
	-0.815
	0.031


Figure 5.26: Effect of testosterone on fasting lipids after 6 months of TRT



Figure 5.27: Effect of testosterone on fasting Triglycerides after 6 months of TRT





[bookmark: _Toc94007765]5.2.5: Testosterone and blood pressure:

There was no significant rise in both systolic and diastolic blood pressure after 6 months treatment of testosterone (table 5.25). There was significant increase of mean heart rate of around 4 beats per minute in the active group compared to placebo after 6 months treatment. However, such change was not observed in ambulatory setting (table 5.25). Results of the 24-hour ambulatory blood pressure are discussed in chapter 7.

Table 5.25: Effect of TRT on blood pressure and heart rate
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	SBP
(mm of Hg)
	139.67±12.50
	138.50±17.99
	136.09±17.21
	136.24±15.45
	0.940#
	-1.318±3.787
	-8.93
	6.295

	DBP
(mm of Hg)
	84.10±9.67
	84.53±11.03
	80.06±8.35
	80.45±8.39
	0.778#
	0.039±2.380
	-4.737
	4.815

	Pulse Rate
	75.67±12.62
	77.53±12.00
	79.30±9.86
	77.09±8.73
	0.028#
	4.079±1.964
	0.151
	8.094





[bookmark: _Toc94007766]5.2.6: Effect on muscular (hand grip) strength:

There was a significant improvement in the left-hand grip value in the active group compared to placebo group at 6 months (p=0.025). However, there was no significant difference in the right sided hand grip. (Table 5.26a) (Fig 5.28)

Table 5.26a: Effect of testosterone on muscular strength (hand grip)
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	Best Rt Dynamometer
	38.45±9.32
	38.00±8.44
	38.64±10.73
	38.70±12.39
	0.76
	-0.512±1.652
	-3.821
	2.716

	Best Lt Dynamometer
	34.58±8.33
	35.87±7.82
	37.28±11.14
	34.78±10.76
	0.025*#
	3.790±1.743
	0.298
	1.282

	Best Dynamometer 
	39.23±9.03
	39.81±7.76
	41.09±10.55
	39.44±10.45
	0.088#
	2.237±1.262
	-0.287
	4.76





Figure 5.28: Effect of testosterone on muscular strength (hand grip)


[bookmark: _Toc94007767]5.2.7: Testosterone and liver function tests:

There was no significant difference in the Alanine transferase (ALT), aspartate aminotransferase (AST) and gamma glutamyl transferase (GGT) levels between the 2 groups after 6 months of testosterone treatment (table 5.26). However, of note is that these enzymes were not raised at baseline to start with. We also looked at AST:ALT ratio and there was no significant difference in the two groups (table 5.26).


[bookmark: _Hlk57291862]Table 5.26b: Effect of testosterone on liver enzymes after 6 months
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	ALT
(U/ltr)
	39.77±15.42
	37.73±20.44
	31.94±20.32
	29.88±15.93
	0.994
	0.029±4.056
	-8.084
	8.143

	AST
(U/ltr)
	28.50±9.46
	29.20±11.80
	28.09±14.95
	26.56±8.98
	0.540#
	2.231±2.790
	-3.352
	7.814

	GGT
(U/ltr)
	54.37±33.38
	50.40±30.23
	72.68±114.05
	64.47±93.24
	0.789
	1.971±7.326
	-12.71
	16.652

	
	
	
	
	
	
	
	
	

	AST/ALT
	0.74±0.26
	0.82±0.31
	0.92±0.36
	0.97±0.44
	0.678
	0.036±0.086
	-1.356
	0.207



We looked at the subgroup where ALT was >49 at baseline. However, the number of patients were too small to see if there was a significant difference between the two groups. Only 3 had ALT >49 in placebo group and 8 in active group. Out of the 8, ALT improved in 5 participants and worsened in 3 participants. In 4 out of the 5 improved, the levels reached normal range.



[bookmark: _Toc94007768]5.3: 12-month data in the active arm of the trial:

We analysed the effect of testosterone at 3 months interval for a year in the active arm of the trial. Baseline data was before the testosterone injection and subsequent data points were 3, 6, 9 and 12 months were after Nebido injections. 5 patients withdrew from the trial at 9 month and two more at 12-month data point.

[bookmark: _Toc94007769]5.3.1: 12-month data in the active arm – HbA1C and plasma glucose:

Mean haemoglobin A1C (HbA1c) and plasma glucose were compared at 0, 3, 6, 9 and 12 months for participants in the active group before and after treatment with testosterone undecanoate. One-way ANOVA analysis was applied for the various time points as above. There was no significant change in the HbA1c and plasma glucose levels before and after the treatment as depicted by p values in Table 5.26a and figures 5.29 and 5.30 respectively. There was a consistent decrease in plasma glucose after treatment however it didn’t reach significance (fig 5.30).

Table 5.27 shows multiple comparisons within the mean values of HbA1c and plasma glucose at baseline (0), 3,6,9 and 12 months in active group.



[bookmark: _Hlk68183762]Table 5.26c: Mean values HbA1c and plasma glucose at baseline (0), 3,6,9 and 12 months post TRT in active group

	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F Value
	P Value

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	HbA1C
(mmol/mol)
	Visit 0
	31
	62.968
	8.365
	1.502
	59.900
	66.036
	0.429
	0.787

	
	Visit 1
	29
	61.724
	9.982
	1.854
	57.927
	65.521
	
	

	
	Visit 2
	31
	65.097
	12.589
	2.261
	60.479
	69.715
	
	

	
	Visit 3
	26
	61.923
	12.784
	2.507
	56.759
	67.087
	
	

	
	Visit 4
	28
	63.750
	13.265
	2.507
	58.606
	68.894
	
	

	Plasma Glucose
(mmol/L)
	Visit 0
	31
	9.613
	2.713
	0.487
	8.618
	10.608
	0.303
	0.876

	
	Visit 1
	28
	9.329
	2.408
	0.455
	8.395
	10.262
	
	

	
	Visit 2
	31
	9.294
	2.530
	0.454
	8.366
	10.222
	
	

	
	Visit 3
	27
	9.015
	2.847
	0.548
	7.889
	10.141
	
	

	
	Visit 4
	29
	8.955
	2.601
	0.483
	7.966
	9.944
	
	















	Table 5.27: Multiple comparisons within the mean values of HbA1c and plasma glucose at baseline (0), 3,6,9 and 12 months post TRT in active group


	Multiple Comparisons

	Tukey HSD
	95% Confidence Interval

	Dependent Variable
	(I) Visits
	(J) Visits
	Mean Difference (I-J)
	Std. Error
	Sig.
	Lower Bound
	Upper Bound

	HbA1C
(mmol/mol)
	Visit 0
	Visit 1
	1.24360
	2.96817
	.993
	-6.9594
	9.4466

	
	
	Visit 2
	-2.12903
	2.91829
	.949
	-10.1942
	5.9361

	
	
	Visit 3
	1.04467
	3.05537
	.997
	-7.3993
	9.4886

	
	
	Visit 4
	-.78226
	2.99543
	.999
	-9.0606
	7.4961

	
	Visit 1
	Visit 0
	-1.24360
	2.96817
	.993
	-9.4466
	6.9594

	
	
	Visit 2
	-3.37264
	2.96817
	.787
	-11.5756
	4.8304

	
	
	Visit 3
	-.19894
	3.10305
	1.000
	-8.7747
	8.3768

	
	
	Visit 4
	-2.02586
	3.04406
	.963
	-10.4386
	6.3869

	
	Visit 2
	Visit 0
	2.12903
	2.91829
	.949
	-5.9361
	10.1942

	
	
	Visit 1
	3.37264
	2.96817
	.787
	-4.8304
	11.5756

	
	
	Visit 3
	3.17370
	3.05537
	.837
	-5.2703
	11.6177

	
	
	Visit 4
	1.34677
	2.99543
	.991
	-6.9316
	9.6251

	
	Visit 3
	Visit 0
	-1.04467
	3.05537
	.997
	-9.4886
	7.3993

	
	
	Visit 1
	.19894
	3.10305
	1.000
	-8.3768
	8.7747

	
	
	Visit 2
	-3.17370
	3.05537
	.837
	-11.6177
	5.2703

	
	
	Visit 4
	-1.82692
	3.12914
	.977
	-10.4748
	6.8209

	
	Visit 4
	Visit 0
	.78226
	2.99543
	.999
	-7.4961
	9.0606

	
	
	Visit 1
	2.02586
	3.04406
	.963
	-6.3869
	10.4386

	
	
	Visit 2
	-1.34677
	2.99543
	.991
	-9.6251
	6.9316

	
	
	Visit 3
	1.82692
	3.12914
	.977
	-6.8209
	10.4748

	Plasma Glucose
(mmol/L)
	Visit 0
	Visit 1
	.28433
	.68365
	.994
	-1.6049
	2.1735

	
	
	Visit 2
	.31935
	.66604
	.989
	-1.5212
	2.1599

	
	
	Visit 3
	.59809
	.69027
	.909
	-1.3094
	2.5056

	
	
	Visit 4
	.65773
	.67743
	.868
	-1.2143
	2.5297

	
	Visit 1
	Visit 0
	-.28433
	.68365
	.994
	-2.1735
	1.6049

	
	
	Visit 2
	.03502
	.68365
	1.000
	-1.8542
	1.9242

	
	
	Visit 3
	.31376
	.70728
	.992
	-1.6407
	2.2682

	
	
	Visit 4
	.37340
	.69475
	.983
	-1.5465
	2.2933

	
	Visit 2
	Visit 0
	-.31935
	.66604
	.989
	-2.1599
	1.5212

	
	
	Visit 1
	-.03502
	.68365
	1.000
	-1.9242
	1.8542

	
	
	Visit 3
	.27873
	.69027
	.994
	-1.6288
	2.1862

	
	
	Visit 4
	.33838
	.67743
	.987
	-1.5336
	2.2104

	
	Visit 3
	Visit 0
	-.59809
	.69027
	.909
	-2.5056
	1.3094

	
	
	Visit 1
	-.31376
	.70728
	.992
	-2.2682
	1.6407

	
	
	(J) Visits
	Mean Difference (I-J)
	Std. Error
	Sig.
	Lower Bound
	Upper Bound

	
	
	Visit 2
	-.27873
	.69027
	.994
	-2.1862
	1.6288

	
	
	Visit 4
	.05964
	.70126
	1.000
	-1.8782
	1.9975

	
	Visit 4
	Visit 0
	-.65773
	.67743
	.868
	-2.5297
	1.2143

	
	
	Visit 1
	-.37340
	.69475
	.983
	-2.2933
	1.5465

	
	
	Visit 2
	-.33838
	.67743
	.987
	-2.2104
	1.5336

	
	
	Visit 3
	-.05964
	.70126
	1.000
	-1.9975
	1.8782



Figure 5.29: Mean values HbA1c at baseline (0), 3,6,9 and 12 months post TRT in active group







Figure 5.30: Mean plasma glucose levels at baseline (0), 3,6,9 and 12 months post TRT in active group


[bookmark: _Toc94007770]5.3.2: 12-month data in the active arm – Body composition:

There was no significant change in the mean values of weight, Body mass index, Waist circumference, waist hip ratio, fat percentage, fat mass and fat free mass as measured by using Tanita BF-300 body fat analyser (Tanita Corporation, Japan) before and after testosterone treatment as shown by p values in Table 5.28.





Table 5.28: Mean values Weight, BMI, Waist Circumference, Waist Hip Ratio, Fat percentage, Fat mass and Fat free mass at baseline (0), 3,6,9 and 12 months post TRT in active group 
	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F Value
	P Value

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Weight
(kgs)
	Visit 0
	31
	103.745
	16.448
	2.954
	97.712
	109.778
	0.018
	0.999

	
	Visit 1
	31
	103.745
	15.913
	2.858
	97.908
	109.582
	
	

	
	Visit 2
	31
	103.039
	16.249
	2.918
	97.079
	108.999
	
	

	
	Visit 3
	29
	103.983
	15.384
	2.857
	98.131
	109.834
	
	

	
	Visit 4
	28
	103.282
	15.550
	2.939
	97.253
	109.312
	
	

	BMI
	Visit 0
	31
	33.681
	5.499
	0.988
	31.664
	35.698
	0.011
	1.000

	
	Visit 1
	31
	33.539
	5.342
	0.959
	31.579
	35.498
	
	

	
	Visit 2
	31
	33.452
	5.561
	0.999
	31.412
	35.492
	
	

	
	Visit 3
	29
	33.693
	5.401
	1.003
	31.639
	35.748
	
	

	
	Visit 4
	28
	33.644
	5.281
	0.998
	31.597
	35.692
	
	

	Waist circumference 
cms
	Visit 0
	31
	111.790
	17.668
	3.173
	105.310
	118.271
	0.072
	0.990

	
	Visit 1
	31
	113.258
	13.247
	2.379
	108.399
	118.117
	
	

	
	Visit 2
	31
	113.210
	13.899
	2.496
	108.112
	118.308
	
	

	
	Visit 3
	28
	113.625
	13.018
	2.460
	108.577
	118.673
	
	

	
	Visit 4
	26
	112.885
	13.188
	2.586
	107.558
	118.211
	
	

	
	Visit 1
	31
	139.258
	13.752
	2.470
	134.214
	144.303
	
	

	
	Visit 2
	31
	137.613
	18.364
	3.298
	130.877
	144.349
	
	

	
	Visit 3
	29
	138.862
	14.983
	2.782
	133.163
	144.561
	
	

	
	Visit 4
	28
	132.786
	15.476
	2.925
	126.785
	138.787
	
	

	

Waist Hip Ratio 
	Visit 0
	31
	0.994
	0.057
	0.010
	0.973
	1.015
	1.133
	0.343

	
	Visit 1
	31
	0.990
	0.094
	0.017
	0.956
	1.025
	
	

	
	Visit 2
	31
	1.013
	0.056
	0.010
	0.992
	1.034
	
	

	
	Visit 3
	28
	1.011
	0.057
	0.011
	0.989
	1.033
	
	

	
	Visit 4
	26
	0.977
	0.099
	0.019
	0.937
	1.017
	
	

	
	Visit 0
	31
	33.745
	7.098
	1.275
	31.141
	36.349
	
	

	Fat%
	Visit 1
	31
	32.552
	7.162
	1.286
	29.924
	35.179
	0.186
	0.946

	
	Visit 2
	29
	33.810
	6.927
	1.286
	31.176
	36.445
	
	

	
	Visit 3
	27
	33.789
	6.419
	1.235
	31.250
	36.328
	
	

	
	Visit 4
	27
	33.493
	6.395
	1.231
	30.963
	36.022
	
	

	
	Visit 0
	31
	35.918
	12.423
	2.231
	31.361
	40.475
	
	

	Fat mass
kgs
	Visit 1
	31
	34.710
	12.444
	2.235
	30.145
	39.274
	0.339
	0.852

	
	Visit 2
	29
	35.986
	12.780
	2.373
	31.125
	40.847
	
	

	
	Visit 3
	27
	38.559
	16.098
	3.098
	32.191
	44.927
	
	

	
	Visit 4
	27
	35.563
	11.499
	2.213
	31.014
	40.112
	
	

	
	Visit 0
	31
	67.574
	6.482
	1.164
	65.197
	69.952
	
	

	Fat Free Mass
kgs
	Visit 1
	31
	67.677
	9.948
	1.787
	64.029
	71.326
	0.096
	0.984

	
	Visit 2
	29
	67.552
	5.874
	1.091
	65.318
	69.786
	
	

	
	Visit 3
	27
	68.515
	6.517
	1.254
	65.937
	71.093
	
	

	
	Visit 4
	27
	68.122
	5.857
	1.127
	65.805
	70.439
	
	



[bookmark: _Toc94007771]5.3.3: 12-month data in the active arm – Fasting Lipids:
[bookmark: _Hlk68607918]There was no significant change in the mean values of total cholesterol, LDL cholesterol, HDL cholesterol, Triglycerides and Cholesterol: HDL-C ratio at baseline (0 months) and post testosterone therapy at 3,6,9 and 12 months in active group as indicated by p values in Table 5.29.
Table 5.29: Mean values of Total cholesterol, LDL cholesterol, HDL cholesterol, Triglycerides and Cholesterol: HDL-C ratio at baseline (0), 3,6,9 and 12 months post TRT in active group
	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F Value
	P Value

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Total Cholesterol
mmol/L

	Visit 0
	31
	3.913
	0.805
	0.145
	3.618
	4.208
	0.445
	0.776

	
	Visit 1
	30
	3.762
	0.991
	0.181
	3.392
	4.132
	
	

	
	Visit 2
	31
	3.929
	0.921
	0.165
	3.591
	4.267
	
	

	
	Visit 3
	28
	3.682
	0.699
	0.132
	3.411
	3.953
	
	

	
	Visit 4
	29
	3.821
	0.754
	0.140
	3.534
	4.108
	
	

	LDL mmol/L

	Visit 0
	30
	1.957
	0.836
	0.153
	1.644
	2.269
	0.454
	0.769

	
	Visit 1
	29
	1.941
	0.793
	0.147
	1.640
	2.243
	
	

	
	Visit 2
	31
	1.955
	0.823
	0.148
	1.653
	2.257
	
	

	
	Visit 3
	26
	1.746
	0.753
	0.148
	1.442
	2.050
	
	

	
	Visit 4
	26
	1.800
	0.620
	0.122
	1.549
	2.051
	
	

	HDLmmol/L

	Visit 0
	31
	1.053
	0.265
	0.048
	0.956
	1.151
	1.227
	0.302

	
	Visit 1
	30
	1.237
	0.950
	0.173
	0.883
	1.592
	
	

	
	Visit 2
	31
	1.046
	0.316
	0.057
	0.931
	1.162
	
	

	
	Visit 3
	28
	0.980
	0.278
	0.053
	0.872
	1.088
	
	

	
	Visit 4
	29
	1.005
	0.285
	0.053
	0.897
	1.114
	
	

	Triglycerides
mmol/L

	Visit 0
	31
	2.223
	1.035
	0.186
	1.843
	2.602
	1.100
	0.359

	
	Visit 1
	30
	1.916
	0.862
	0.157
	1.595
	2.238
	
	

	
	Visit 2
	31
	2.049
	0.993
	0.178
	1.684
	2.413
	
	

	
	Visit 3
	28
	2.158
	1.172
	0.221
	1.703
	2.612
	
	

	
	Visit 4
	29
	2.568
	1.987
	0.369
	1.812
	3.324
	
	

	Cholesterol:HDL-C ratio

	Visit 0
	31
	3.971
	0.984
	0.177
	3.610
	4.332
	0.248
	0.911

	
	Visit 1
	30
	3.877
	1.046
	0.191
	3.486
	4.267
	
	

	
	Visit 2
	31
	3.929
	1.001
	0.180
	3.562
	4.296
	
	

	
	Visit 3
	28
	4.018
	1.183
	0.224
	3.559
	4.477
	
	

	
	Visit 4
	29
	4.169
	1.732
	0.322
	3.510
	4.828
	
	



[bookmark: _Toc94007772]5.3.4: 12-month data in the active arm – Blood pressure and pulse:

There was no significant change in mean systolic and diastolic blood pressure at baseline (0 months) and post testosterone therapy at 3,6,9 and 12 months in active group as indicated by p values in Table 5.30. similarly, no significant change was observed in pulse rate before and after treatment in the active arm (Table 5.30)

Table 5.30: Mean values of systolic BP, diastolic BP and Pulse at baseline (0), 3,6,9 and 12 months post TRT in active group

	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F Value
	P Value

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Systolic BP
(mm of Hg)
	Visit 0
	30
	139.667
	12.496
	2.282
	135.000
	144.333
	0.987
	0.417

	
	Visit 1
	31
	139.258
	13.752
	2.470
	134.214
	144.303
	
	

	
	Visit 2
	31
	137.613
	18.364
	3.298
	130.877
	144.349
	
	

	
	Visit 3
	29
	138.862
	14.983
	2.782
	133.163
	144.561
	
	

	
	Visit 4
	28
	132.786
	15.476
	2.925
	126.785
	138.787
	
	

	Diastolic BP
(mm of Hg)
	Visit 0
	30
	84.100
	9.672
	1.766
	80.489
	87.711
	0.378
	0.824

	
	Visit 1
	31
	84.677
	9.478
	1.702
	81.201
	88.154
	
	

	
	Visit 2
	31
	84.065
	11.150
	2.003
	79.975
	88.154
	
	

	
	Visit 3
	29
	85.724
	8.932
	1.659
	82.327
	89.122
	
	

	
	Visit 4
	28
	82.571
	10.283
	1.943
	78.584
	86.559
	
	

	Pulse
(beats/minute)
	Visit 0
	30
	75.667
	12.615
	2.303
	70.956
	80.377
	0.208
	0.934

	
	Visit 1
	30
	78.300
	13.243
	2.418
	73.355
	83.245
	
	

	
	Visit 2
	31
	78.258
	12.469
	2.239
	73.685
	82.832
	
	

	
	Visit 3
	29
	77.621
	13.159
	2.444
	72.615
	82.626
	
	

	
	Visit 4
	28
	77.643
	13.186
	2.492
	72.530
	82.756
	
	




[bookmark: _Toc94007773]5.3.5: 12-month data in the active arm – Muscular strength (hand grip):

No significant change in mean dynamometer values was found before and after treatment of testosterone (3,6,9 and 12 months) in active arm of the study (Table 5.31)
Table 5.31: Mean values of right, left and overall best dynamometer value at baseline (0), 3,6,9 and 12 months post TRT in active group
	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F Value
	P Value

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Right dynamometer best value 
	Visit 0
	31
	38.452
	9.320
	1.674
	35.033
	41.870
	1.244
	0.295

	
	Visit 1
	31
	38.226
	8.785
	1.578
	35.003
	41.448
	
	

	
	Visit 2
	31
	38.000
	8.442
	1.516
	34.903
	41.097
	
	

	
	Visit 3
	29
	41.966
	8.906
	1.654
	38.578
	45.353
	
	

	
	Visit 4
	29
	40.690
	7.541
	1.400
	37.821
	43.558
	
	

	Left dynamometer best value 
	Visit 0
	31
	34.581
	8.330
	1.496
	31.525
	37.636
	1.208
	0.31

	
	Visit 1
	31
	36.871
	8.053
	1.446
	33.917
	39.825
	
	

	
	Visit 2
	31
	35.871
	7.818
	1.404
	33.003
	38.739
	
	

	
	Visit 3
	29
	38.793
	8.695
	1.615
	35.486
	42.100
	
	

	
	Visit 4
	29
	37.862
	8.258
	1.533
	34.721
	41.003
	
	

	Overall best dynamometer value 
	Visit 0
	31
	39.226
	9.029
	1.622
	35.914
	42.537
	1.416
	0.232

	
	Visit 1
	31
	39.903
	7.565
	1.359
	37.128
	42.678
	
	

	
	Visit 2
	31
	39.742
	7.681
	1.380
	36.925
	42.559
	
	

	
	Visit 3
	29
	43.207
	8.385
	1.557
	40.017
	46.396
	
	

	
	Visit 4
	29
	42.241
	7.322
	1.360
	39.456
	45.027
	
	


[bookmark: _Toc94007774]5.3.6: 12-month data in the active arm – Liver function tests:

No significant change in liver function tests was found before and after treatment of testosterone in active arm of the study (Table 5.32)

Table 5.32: Mean values of ALT, AST, GGT and ALP at baseline (0), 3,6,9 and 12 months post TRT in active group
	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F Value
	P Value

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	ALT
(u/L)
	Visit 0
	31
	39.548
	15.214
	2.732
	33.968
	45.129
	0.239
	0.916

	
	Visit 1
	29
	36.759
	17.104
	3.176
	30.253
	43.265
	
	

	
	Visit 2
	30
	37.733
	20.443
	3.732
	30.100
	45.367
	
	

	
	Visit 3
	28
	35.964
	16.119
	3.046
	29.714
	42.214
	
	

	
	Visit 4
	29
	35.862
	16.111
	2.992
	29.734
	41.990
	
	

	AST
(u/L)
	Visit 0
	31
	28.290
	9.374
	1.684
	24.852
	31.729
	0.217
	0.916

	
	Visit 1
	29
	29.000
	11.358
	2.109
	24.680
	33.320
	
	

	
	Visit 2
	30
	29.200
	11.801
	2.155
	24.793
	33.607
	
	

	
	Visit 3
	28
	27.000
	8.009
	1.514
	23.894
	30.106
	
	

	
	Visit 4
	29
	28.207
	8.495
	1.578
	24.975
	31.438
	
	

	GGT
(u/L)
	Visit 0
	31
	53.613
	33.083
	5.942
	41.478
	65.748
	0.364
	0.834

	
	Visit 1
	29
	45.241
	32.300
	5.998
	32.955
	57.527
	
	

	
	Visit 2
	30
	50.400
	30.225
	5.518
	39.114
	61.686
	
	

	
	Visit 3
	28
	46.536
	25.136
	4.750
	36.789
	56.282
	
	

	
	Visit 4
	29
	50.172
	29.236
	5.429
	39.052
	61.293
	
	

	ALP
(u/L)
	Visit 0
	31
	81.806
	26.883
	4.828
	71.946
	91.667
	0.393
	0.813

	
	Visit 1
	29
	75.828
	24.521
	4.553
	66.500
	85.155
	
	

	
	Visit 2
	30
	75.400
	21.826
	3.985
	67.250
	83.550
	
	

	
	Visit 3
	28
	77.286
	24.821
	4.691
	67.661
	86.910
	
	

	
	Visit 4
	29
	75.000
	24.410
	4.533
	65.715
	84.285
	
	



[bookmark: _Toc94007775]5.4 Discussion:

Our study is one of the few randomized controlled trials looking at the effect of testosterone therapy on glycemic control (HbA1c and plasma glucose) as the primary end point. Baseline cohorts of our study were comparable with mean HbA1c of 61.78 ± 7.14 and 64.79 ± 8.67 in active and placebo group respectively. Our study did not correlation between total testosterone/calculated free testosterone/calculated bioavailable testosterone and HbA1c or Plasma glucose at baseline. Our study also showed that there was not improvement in mean HbA1c between the active and placebo groups after 6 months of treatment with testosterone (Phase 1 of the study). Similarly, although plasma glucose levels fell slightly in the active group (pre-treatment 9.64±2.76 mmol/l, post treatment 9.35±2.55 mmol/l) compared to placebo group (pre-treatment 9.92±3.31 mmol/l, post treatment 9.91±2.87 mmol/l) it did not approach significance.

We analysed the subgroup with severe hypogonadism and there was still no significant difference in HbA1c after 6 months of TRT between the groups. 

The study also looked at the pre and post treatment HbA1c levels in active arm who went on to receive TRT for 1 year of the study (Phase 2 of the study). There was no significant change in either HbA1c or plasms glucose levels before and after the treatment at 0, 3, 6. 9 and 12 months (p=0.787 and p=0.876 respectively).

Total testosterone levels or the cFT or cBT did not show significant correlation with waist circumference. 

Total testosterone/Calculated free testosterone and calculated bioavailable testosterone showed significant negative correlation with fat mass and fat percentage at baseline as measured by TANITA body fat analyser. However, there was no correlation between them testosterone and fat-free mass.

At 6 months post treatment, there was no significant difference in the mean weight, BMI, WC, WHR, fat mass, fat percentage or fat free mass between the groups. Similarly, no significant difference in the above parameters were noted in the active arm before and after treatment with Nebido at 0,3,6,9 and 12 months.

These results are replicated in other RCTs like BLAST study where the HbA1c improvement was not significant at 30 weeks and became significant in their further 52 weeks of the open label phase of the study(Hackett et al., 2014b). Our own group looked at the insulin resistance and HbA1c in patients with metabolic syndrome in a multicenter trial (TIMES 2 study) where the HbA1c did not reach significance at 6 months and did reach significance at 9 months data point(Jones et al., 2011b). However, our group in the past was the first one to show that there is an improvement in both insulin resistance and HbA1c in 27 patients with type 2 diabetes mellitus and hypogonadal men as early as 3 months after treatment with Sustanon however this was a cross over study(Kapoor et al., 2006).

Other studies done more recently by Groti et al in 2018 also showed improvement in HbA1c at 12 months data point but not at 6 months(Groti et al., 2018). Another study which is a 11-year registry study showed that there was no significant improvement in HbA1c at 1-year point but from then on there was a definite separation in the two lines representing HbA1c of active and placebo groups with the active group showing clear improvement in HbA1c which continued to be so year on year for 11 years(Haider et al., 2020). Gianatti et al also showed no improvement in either HOMA-IR or HbA1c after 40 weeks of IM Testosterone Undecanoate  in their study in spite of improvement in the body composition(Gianatti et al., 2014a)

However, Insulin resistance which is the central and key mechanism to the resultant   outcome of glycemic control definitely improved in most studies at 6-month point(Jones et al., 2011a; Dhindsa et al., 2016) 

The limitations of our study which may have resulted in no improvement of the glycemic control are that our study didn’t get Ethics approval to be continued for 1 year in randomized phase. Hence, we had to cut short the randomized phase only to 6 month which may be insufficient to see some of the metabolic effects of testosterone therapy. Secondly, in our study we used fixed dose regimen of testosterone therapy i.e. Testosterone undecanoate (Nebido) 1 gm every 12 weeks. What is apparent from our clinical practice is that some patients especially obese and diabetes patients may need a higher dose of nebido (1 gm every 8-10 weeks) to achieve therapeutic levels of TRT and also, they take up to 18 months to reach a steady state of therapeutic dose(Hackett et al., 2014b). 

Although we had every intention of measuring insulin resistance (HOMA-IR) which usually precedes in showing an improvement before the glycemic control does, COVID pandemic and its restrictions on laboratory and universities meant that we were unable to measure Insulin levels and hence calculate HOMA IR in time for this thesis. But we surely still intend to measure this all-important parameter in due course and publish the data. And like many other studies, we hope to see a significant improvement in HOMA-IR in active group after 6 months of TRT.

Yet another for not seeing this improvement in our primary end point may be because Diabetes is a complex and heterogenous disorder which is dependent on so many variables like diet, weight, infections etc. Some patients do not show any improvement in their HbA1c even with standard treatment and no matter what treatment they receive. This could be due to severe insulin resistance some of these patients may have.

Lastly, CAG repeats in androgen receptors have an important role in determining Androgen sensitivity. Hence the metabolic outcomes of the testosterone treatment may also depend on the sensitivity of these receptors. If patients have less sensitivity, they may in turn not be as responsive to the testosterone effects compared to a patient with lesser CAG repeats and higher sensitivity. In future, we may be able to recommend different target testosterone levels based on CAG repeats and androgen receptor sensitivity. We have collected EDTA samples to measure CAG repeats in our cohort and will be analysing the data to see if the variability in sensitivity may affect the glycemic control and other metabolic parameters in due course.

Corona et al(Corona et al., 2018) in their recent metanalyses showed that a critical improvement in lean mass is needed after TRT to achieve improvement in glycaemic and metabolic parameters. In our study, although, there was an improvement in the lean mass it did not approach significance after 6 months of treatment.

Discussed in this chapter are also the effects of testosterone replacement therapy on fasting lipids. Our study showed a significant decrease in serum triglycerides at 6 months post treatment in the active group compared to placebo group. This is similar to the IPASS study(Zitzmann et al., 2012) which is a prospective observation study of 1438 hypogonadal men treated with long acting IM testosterone undecanoate. Some interventional studies also have shown such reduction in TG(Jones et al., 2011b; Heufelder et al., 2009)  however others haven’t(Agledahl, Hansen and Svartberg, 2008). This reduction in triglycerides shown in our study is significant as this will translate to decrease in development of cardiovascular disease especially in diabetic population(Scott et al., 2009; Hokanson and Austin, 1996).

There was no decrease in HDL cholesterol levels between the two groups unlike in other published studies which showed a decrease in HDL cholesterol(Kirkland et al., 1987). A metanalysis published by Isidori et al(Isidori et al., 2005b) showed a significant reduction of high-density lipoprotein (HDL)-cholesterol was found only in studies with higher mean T-values at baseline (−0·085 mmol/l, CI: −0·017 to −0·003). There was no significant change in total cholesterol, LDL cholesterol or cholesterol:HDL ratio. There were no significant changes in any of the fasting lipids before and after treatment with testosterone in active group at 0,3,6, or 12 months.

In our study, there was no increase in either systolic or diastolic blood pressure as measured by sphygmomanometer between the groups after 6 months of treatment with testosterone undecanoate. Similarly, there was no increase in SBP or DBP in the active group before and after treatment at 0,3,6, 9 and 12 months of treatment. This is line with our results of ambulatory blood pressure values which are discussed in detail in chapter 7 of this thesis. This finding is very reassuring as conventionally there has been a myth that testosterone treatment is associated with increase in blood pressure. What is evident is that when treated to normal reference ranges this may not always be true however there is a clear association of hypertension and supraphysiological doses of testosterone treatment(Lenders et al., 1988).

There was significant improvement in left hand grip strength in active group compared to the placebo group at 6 months in our study. However, no such improvement was observed in either right hand grip or best dynamometer value of the 6 measured values.

We are following up our STRIDE participants in our STRIDE FORWARD study which is a 5-year follow-up registry study which will reveal the long-term effects of TRT on glycemic, metabolic and cardiovascular parameters.





[bookmark: _Toc94007776]5.5 Conclusions:

Our study concludes that testosterone therapy did not have a significant effect on glycaemic control at 6 months between the active and placebo groups and at 12 months within the in the active group and may need longer duration to see the positive effects. Similarly, there was no significant changes in the body composition either in the phase 1 or 2 of the study. There was a significant reduction in triglyceride levels at 6 months. No changes were observed in any other fasting lipids. There was no significant increase in the blood pressure between the groups following testosterone therapy. There was a significant improvement in the muscular strength for left hand grip in the active group compared to placebo at 6 months. Our study concludes that testosterone may take longer time than 6 -12 months to show its effect on metabolic and cardiovascular parameters in patients with poor controlled type 2 diabetes and hypogonadism.
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[bookmark: _Toc78567139][bookmark: _Toc78573325]CHAPTER 6: EFFECT OF TESTOSTERONE ON HEALTH-RELATED QUALITY OF LIFE IN HYPOGONADAL MEN WITH UNCONTROLLED TYPE 2 DIABETES

[bookmark: _Toc78567140][bookmark: _Toc78573326][bookmark: _Toc94007778]6.1. Introduction:
Aims, methods, inclusion and exclusion criteria and statistical analytical methods are discussed in detail in chapter 3.
One of the secondary outcomes of my study was to look at the effects of testosterone treatment on health-related quality of life in men with hypogonadism and type 2 diabetes. We used five questionnaires for this purpose. We used very well validated questionnaires – AMS questionnaire (Appendix 2), SF-36 questionnaire (Appendix 3) and IIEF-5 questionnaires (Appendix 4) and MMSE (Appendix 5). We also used two yet to be validated questionnaires – Barnsley questionnaire (Appendix 6) and NERI questionnaires (Appendix 8).  Results of each of the five questionnaires will be discussed in this chapter.


[bookmark: _Toc78567142][bookmark: _Toc78573328][bookmark: _Toc94007779]6.2 Aging male symptoms questionnaire:

[bookmark: _Toc78567143][bookmark: _Toc78573329][bookmark: _Toc94007780][bookmark: _Toc78573330][bookmark: _Toc78567144][bookmark: _Hlk54001713]6.2.1 Introduction:

There are several questionnaires validated and used to assess health related Quality of life (HRQoL) in patients with hypogonadism. Amongst them, the Aging Male Symptoms (AMS) scale has been widely used both in clinical and research settings. This was originally developed in Germany by Heinemann et al. (Heinemann et al., 1999) It has now been used worldwide and the questionnaire has been validated in multiple languages and is validated and available in many international versions.(Heinemann et al., 2003; Leungwattanakij, Lersithichai and Ratana-Olarn, 2003). It was purpose designed for three reasons. a) to assess symptoms of aging (independent from those which are disease-related) between groups of males under different conditions, (b) to evaluate the severity of symptoms over time, and (c) to measure changes pre- and post-androgen replacement therapy.(Daig et al., 2003)

[bookmark: _Toc78567145][bookmark: _Toc78573331][bookmark: _Toc78567146][bookmark: _Toc78573332]AMS score has demonstrated a good correlation with both bioavailable and free testosterone levels but did not correlate strongly with the total testosterone levels.(Morley et al., 2006) Morley et al also compared specificity and sensitivities of AMS questionnaire with the other two popular questionnaires - Androgen Deficiency in Aging Male (ADAM) and the Massachusetts Male Aging Study (MMAS),  used in assessment of symptoms in hypogonadal population. The sensitivity for the ADAM was 97%, for the AMS 83% and the MMAS 60%. Specificity was 30% for the ADAM, 59% for the MMAS and 39% for AMS. Due to the lower specificity of the ADAM questionnaire, AMS questionnaire is more preferred to screen the symptoms in clinical practice. The three subscales of the AMS – Psychological, Somatic and Sexual subscales showed only weak correlation with the testosterone levels(Daig et al., 2003).

[bookmark: _Hlk54004931][bookmark: _Toc78567147][bookmark: _Toc78573333]Several RCTs have shown the effects of testosterone treatment on AMS scores. Moore et al showed a positive effect of TRT (i.m testosterone enanthate for 12 weeks) on mean total AMS score(Moore et al., 2004). Another RCT, evaluated the effect of of i.m. injection of testosterone undecanoate 1000 mg over 12 months on the Aging Male Symptom (AMS) scale scores in men with testosterone deficiency syndrome (TDS)(Ho et al., 2012). Results showed a significantly lower mean total AMS score in the treated group (-21.9%) versus placebo (-12.6%) group. The mean psychological and somatovegetative domain scores decreased significantly more in the treatment group than in the placebo group (−2.8 vs −1.2, P= 0.03; and −3.2 vs −1.8, P= 0.016). However, there was no significant change for the sexual domain scores between the two groups.

However, there is a paucity of data when it comes to looking RCTs in patients with both hypogonadism and type 2 diabetes mellitus. We know that the prevalence of hypogonadism is high in patients with type 2 diabetes(Kapoor et al., 2007a) and both diabetes and hypogonadism can independently affect the health-related quality of life. There are only handful of studies done in diabetes population and this will be discussed more in detail in the discussion section of this chapter.

[bookmark: _Toc94007781]6.2.2 Results:

AMS questionnaire has 17 questions and each question is scored between scores of 1 and 5. The lowest attainable total score hence would be 17 and maximum attainable total score would be 85. AMS questionnaire can be subdivided into 3 domains or subscales – Psychological domain, Somatic domain and Sexual domain. Each score was calculated as described by the domain protocol in the table 6.2.1 below. (Heinemann et al., 1999)



Table 6.2.1: AMS total and subscales calculation method:
[image: PDF) Aging Males' Symptoms (AMS) rating scale: Evaluation Form | Adrianus  Thio - Academia.edu]


[bookmark: _Toc94007782]6.2.2.1 Demographics:

All the patients in the cohort had symptoms of hypogonadism as one of the key inclusion criteria for the study was hypogonadism diagnosis which by definition should have at least 2 symptoms of hypogonadism.

Following table 6.2.2 shows the baseline clinical measurements and blood tests of the study population. Table 6.2.3 shows the cardiovascular co-morbidities at baseline. All the 65 patients had erectile dysfunction (100%) as would be expected in a hypogonadal cohort.
Table 6.2.2: Baseline clinical measurements of the study population
	 
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Age
	65
	42
	77
	58.94
	8.98

	Weight (kgs)
	65
	71.20
	186.90
	107.33
	20.91

	BMI
	65
	24.30
	51.80
	34.48
	5.80

	WC (cms)
	65
	45.50
	160.00
	115.77
	17.48

	HC (cms)
	65
	46.00
	151.00
	114.09
	14.82

	WC/HC
	65
	0.90
	1.20
	1.01
	0.07

	HbA1c at baseline
	65
	49.00
	92.00
	63.31
	8.03

	Plasma Glucose
	64
	2.80
	18.00
	9.87
	3.10

	Total Testosterone
	65
	2.10
	16.90
	8.92
	2.28

	SHBG
	65
	10.1
	133.00
	33.41
	20.78

	Calc FT
	65
	0.064
	0.35
	0.18
	0.07

	Calc BT
	65
	0.92
	4.41
	2.79
	0.75



Table no 6.2.3: Comorbidities of the participants at baseline
	
	            YES
           n (%)
	                NO
               n (%)

	Cardiovascular disease
	46 (70.8%)
	19 (29.2%)

	Myocardial infarction
	9 (13.8%)
	56 (86.2%)

	Angina
	4 (6.2%)
	61 (93.8%)

	Congestive cardiac failure
	0 (0%)
	65 (100%)

	Peripheral vascular disease
	1 (1.5%)
	64 (98.5%)

	Hypertension
	36 (55.4)
	29 (44.6%)

	TIA
	1 (1.5%)
	64 (98.5%)

	CVA
	1 (1.5%)
	64 (98.5%)



Figure 6.2.1 and figure 6.2.2 demonstrates the distribution of age and total testosterone levels at baseline respectively. Mean age of our patient cohort was 58.9 years. Mean total testosterone level was 8.9 nmol/l at baseline.
Figure 6.2.1: Distribution of age at baseline: 
[image: Chart, histogram
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Figure 6.2.2: Distribution of total testosterone at baseline:

[image: ]

Mean AMS score was 48.4 indicating most of the patients had significant hypogonadal symptoms. Table 6.2.4 shows the means and the standard deviation for both total and the three AMS subscales. Total scores ranged from low or no symptoms to severe symptoms with total AMS scores ranging from 26 to 74. Figure 6.2.3 shows the frequency distribution for the total AMS score.



Table 6.2.4: Descriptive statistics for AMS scores for the whole cohort at baseline:
	 
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	AMS Total score 
	65
	26
	74
	48.40
	12.72

	Psychological Subscale
	65
	5
	23
	12.05
	4.904

	Somatic Subscale
	65
	8
	34
	19.60
	5.966

	Sexual Subscale
	65
	5
	23
	16.75
	3.853


[bookmark: _Hlk53482632]
Figure 6.2.3: Distribution of Total AMS score at baseline:

[image: ]

Following 3 figures (6.2.4, 6.2.5 and 6.2.6) shows the frequency distribution of the 3 AMS subscales respectively


Figure 6.2.4: Distribution of Somatic subscale at baseline:

[image: ]

Figure 6.2.5: Distribution of Psychological subscale at baseline:
[image: ]
Figure 6.2.6: Distribution of Sexual subscale at baseline:
[image: ]
The baseline scores of the placebo and active group were similar and comparable as depicted in the following table 6.2.5.
Table 6.2.5: Baseline AMS scores between the active and placebo group:
	 
	Placebo Group
	Active Group
	t value
	. Sig.
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	Lower
	Upper

	AMS Total score V0
	48.34±12.69
	48.45±12.94
	-0.035
	0.972
	-0.11
	-6.46
	6.24

	Psychological Subscale
	12.38±4.84
	11.73±5.01
	0.53
	0.598
	0.64±1.22
	-1.796
	3.091

	Sexual
Subscale
	16.84±3.94
	16.67±3.82
	0.184
	0.855
	0.18±0.96
	-1.748
	2.102




	#Somatic Subscale
	N
	Mean Rank
	Sum of Ranks
	p value

	Placebo Group
	32
	31.63
	1012.00
	0.563

	Active Group
	33
	34.33
	1133.00
	


# non-parametric tests
[bookmark: _Toc94007783]6.2.2.2: Association of AMS scores with baseline testosterone levels:

There was no significant correlation of either the total AMS score or its subscales with total testosterone levels or FT or BT at baseline as shown in table 6.2.6.

Table 6.2.6: Correlations of AMS scores with testosterone levels at baseline

	 
	TT
	FT
	BT

	AMSV0Total score
	Pearson Correlation
	-.102
	.008
	-.128

	
	Sig. (2-tailed)
	.421
	.953
	.309

	
	N
	65
	65
	65

	Psychological Subscale
	Pearson Correlation
	-.002
	.113
	.008

	
	Sig. (2-tailed)
	.989
	.372
	.947

	
	N
	65
	65
	65

	Somatic Subscale
	Pearson Correlation
	-.134
	-.043
	-.175

	
	Sig. (2-tailed)
	.289
	.736
	.164

	
	N
	65
	65
	65

	Sexual Subscale
	Pearson Correlation
	-.126
	-.053
	-.163

	
	Sig. (2-tailed)
	.317
	.678
	.195

	
	N
	65
	65
	65





[bookmark: _Toc94007784]6.2.2.3: Effect of testosterone treatment on the AMS total score and its Subscales:
[bookmark: _Hlk55734287][bookmark: _Hlk53486092]There was a significant reduction in the mean total AMS score from baseline of 48.34±13.13 to score of 37.72±12.25 at 6 months after testosterone treatment vs from 48.34±12.69 to score of 42.78±13.48 in the placebo group.  (p<0.05). (Figure 6.2.7)

There was no significant difference in the mean psychological, somatic and sexual scores between the groups (figure 6.2.8, figure 6.2.9 and figure 6.2.10 respectively). Table 6.2.7 below shows the effect of TRT on the AMS scales.
Table 6.2.7: Effect of testosterone treatment on the total AMS scores and its subscales:
	AMS 
	Placebo Group
	Active Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	AMS Total score 
	48.34±12.69
	42.78±13.48
	48.34±13.13
	37.72±12.25
	0.048*
	5.063±2.51
	0.04
	10.09

	Psychological Subscale
	12.38±4.84
	10.94±4.68
	11.56±5.00
	8.75±4.51
	0.144
	1.375±0.93
	-0.48
	3.23

	Somatic Subscale
	19.13±5.80
	17.16±6.26
	20.00±6.27
	15.84±6.31
	0.074
	2.19±1.12
	-0.04
	4.42

	Sexual Subscale
	16.84±3.94
	14.69±4.73
	16.78±3.83
	13.13±3.75
	0.149
	1.500±1.03
	-0.55
	3.55


* p<0.05
[bookmark: _Hlk54084844]
Figure 6.2.7: Effect of testosterone treatment on the AMS total score at baseline and after TRT treatment
*

*- p value<0.05

Figure 6.2.8: Effect of testosterone treatment on the AMS Psychological subscale at baseline and after TRT treatment


Figure 6.2.9: Effect of testosterone treatment on the AMS somatic subscale at baseline and after TRT treatment



Figure 6.2.10: Effect of testosterone treatment on the AMS sexual subscale at baseline and after TRT treatment*




[bookmark: _Hlk54081762][bookmark: _Toc94007785]6.2.2.3: Effect of testosterone treatment on the AMS severity scores:

We looked at the effect of testosterone on the severity scores of the AMS. Severity of symptoms were assessed based on the total score. Symptom severity was divided into the following categories based on the total scores. (table 6.2.8) 
Table 6.2.8: AMS severity scores:
	Total Score
	Severity

	17-26
	Not/low symptomatic

	27-36
	Mildly symptomatic

	37-49
	Moderately symptomatic

	>50
	Severely Symptomatic



Majority of the patients had moderate (20/65) to severe symptoms (31/65) of hypogonadism at baseline. (Table 6.2.9). Only 2 patients had no or low symptoms. 

Table 6.2.9: Symptom severity at baseline:
	Severity of Symptoms
	Baseline

	
	Number
	Percent

	Not/Low Symptomatic
	2
	3.08

	Mildly Symptomatic
	12
	18.46

	Moderately Symptomatic
	20
	30.77

	Severely Symptomatic
	31
	47.69



Table 6.2.10 and figure 6.2.11 shows symptom severity at baseline, 3 months and at 6 months post treatment in placebo group. 47% of the patients were severely symptomatic at baseline in the placebo group and 37.5% remained severely symptomatic at 6 months where as active group had 48.5% patients who were severely symptomatic at baseline and this number reduced to only 21% in the severely symptomatic group at 6 months after treatment. Table 6.2.11 and figure 6.2.12 show symptom severity at baseline, 3 months and at 6 months post treatment in active group.
[bookmark: _Hlk55203111]
[bookmark: _Hlk55202995]Table 6.2.10: Symptom severities in placebo group at baseline, 3 months and 6 months.
	Severity of Symptoms
	Baseline
	3 Months
	6 Months

	
	Number
	Percent
	Number
	Percent
	Number
	Percent

	Not/Low Symptomatic
	0
	0.00
	5
	15.63
	2
	6.25

	Mildly Symptomatic
	7
	21.88
	7
	21.88
	12
	37.50

	Moderately Symptomatic
	10
	31.25
	7
	21.88
	6
	18.75

	Severely Symptomatic
	15
	46.88
	13
	40.63
	12
	37.50



Figure 6.2.11: Symptom severities in placebo group at baseline, 3 months and 6 months.


Table 6.2.11: Symptom severities in active group at baseline, 3 months and 6 months.
	Severity of Symptoms
	Baseline
	3 Months
	6 Months

	
	Number
	Percent
	Number
	Percent
	Number
	Percent

	Not/Low Symptomatic
	2
	6.06
	3
	9.09
	6
	18.18

	Mildly Symptomatic
	5
	15.15
	13
	39.39
	10
	30.30

	Moderately Symptomatic
	10
	30.30
	10
	30.30
	10
	30.30

	Severely Symptomatic
	16
	48.48
	7
	21.21
	7
	21.21




Figure 6.2.12: Symptom severities in active group at baseline, 3 months and 6 months.


Table 6.2.12: Crosstab showing the number of patients moving the severity categories pre and post treatment in active and placebo group.

	 
	Placebo Group
	AMS Visit 2
	Total
	. Sig.

	
	
	Not/Low Symptomatic
	Mildly Symptomatic
	Moderately Symptomatic
	Severely Symptomatic
	
	

	AMS Baseline
	Mildly Symptomatic
	1
	5
	1
	0
	7
	0.009

	
	
	14.3%
	71.4%
	14.3%
	0.0%
	100.0%
	

	
	Moderately Symptomatic
	1
	5
	2
	2
	10
	

	
	
	10.0%
	50.0%
	20.0%
	20.0%
	100.0%
	

	
	Severely Symptomatic
	0
	2
	3
	10
	15
	

	
	
	0.0%
	13.3%
	20.0%
	66.7%
	100.0%
	

	
	Total
	2
	12
	6
	12
	32
	

	
	
	6.3%
	37.5%
	18.8%
	37.5%
	100.0%
	

	
	Active Group
	
	
	
	
	
	 

	
	Not/Low Symptomatic
	2
	0
	0
	0
	2
	0.0024

	
	
	100.0%
	0.0%
	0.0%
	0.0%
	100.0%
	

	
	Mildly Symptomatic
	1
	4
	0
	0
	5
	

	
	
	20.0%
	80.0%
	0.0%
	0.0%
	100.0%
	

	
	Moderately Symptomatic
	2
	4
	4
	0
	10
	

	
	
	20.0%
	40.0%
	40.0%
	0.0%
	100.0%
	

	
	Severely Symptomatic
	1
	2
	6
	7
	16
	

	
	
	6.3%
	12.5%
	37.5%
	43.8%
	100.0%
	

	
	Total
	6
	10
	10
	7
	33
	

	
	
	18.2%
	30.3%
	30.3%
	21.2%
	100.0%
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Figure 6.2.13: Number of patients moving to a less severe category from severe category at baseline.



Table 6.2.12 and figure 6.2.13 demonstrates that out of the 16 (49%) severely symptomatic patients in the active group, 7 remained severely symptomatic at 6 months post testosterone treatment and 9 (56%) patients had reduction in severity and hence moving to a lesser severity category whereas in the placebo group, out of the 15(47%) severely symptomatic patients, 10 remained in the severely symptomatic group and only 5 (33.3%) patients had reduction in severity. Similarly figure 6.2.14 demonstrated the total number of patients moving to lesser category of severity in active and placebo groups. Only 28 percent of patients in placebo group moved to a lesser category of severity in placebo group where as 46% of the patients in the active group moved to a lesser category of severity after 6 months treatment with Testosterone undecanoate. 



Figure 6.2.14: Number of patients moving to a less severe category from baseline.




[bookmark: _Toc94007786]6.2.2.4: 12-MONTH DATA IN THE ACTIVE ARM– AMS QUESTIONNAIRRE:

Mean total AMS scores and its subscales were compared at 0, 3, 6, 9 and 12 months for participants in the active group before and after treatment with testosterone undecanoate. One-way ANOVA analysis was applied for the various time points as above. There was a statistically significant reduction in the AMS total score all its subscales which inturn indicates significant improvement in the symptoms of hypogonadism before and after treatment of testosterone in the active arm as depicted by p values in Table 6.2.13 and figures 6.2.15 -19. Table 6.2.14 shows the multiple comparisons of the mean values within the groups (post hoc test).

Table 6.2.13: Mean AMS total score and its subscales at baseline (0), 3,6,9 and 12 months post TRT in active group
	A M S

	AMS
	Visit
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F
	P value

	
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	AMS Total score
	Visit 0
	31
	47.4
	13.5
	2.4
	42.4
	52.3
	5.13
	0.001**

	
	Visit 1
	31
	39.7
	12.1
	2.2
	35.3
	44.2
	
	

	
	Visit 2
	31
	37.7
	11.6
	2.1
	33.5
	41.9
	
	

	
	Visit 3
	29
	34.9
	14.1
	2.6
	29.5
	40.3
	
	

	
	Visit 4
	28
	35.1
	10.2
	1.9
	31.1
	39.1
	
	

	AMS Psychological subscale 
	Visit 0
	31
	11.4
	5.0
	0.9
	9.5
	13.2
	3.44
	0.01*

	
	Visit 1
	31
	8.6
	4.0
	0.7
	7.2
	10.1
	
	

	
	Visit 2
	31
	8.6
	4.5
	0.8
	7.0
	10.3
	
	

	
	Visit 3
	29
	8.0
	4.2
	0.8
	6.4
	9.6
	
	

	
	Visit 4
	28
	7.8
	3.4
	0.6
	6.5
	9.1
	
	

	AMS Somatic subscale 
	Visit 0
	31
	19.6
	6.6
	1.2
	17.1
	22.0
	2.84
	0.026*

	
	Visit 1
	31
	17.2
	6.3
	1.1
	14.9
	19.5
	
	

	
	Visit 2
	31
	15.9
	6.1
	1.1
	13.6
	18.1
	
	

	
	Visit 3
	29
	14.9
	6.7
	1.2
	12.4
	17.5
	
	

	
	Visit 4
	28
	15.2
	5.3
	1.0
	13.1
	17.2
	
	

	AMS Sexual subscale  
	Visit 0
	31
	16.4
	3.8
	0.7
	15.0
	17.8
	5.72
	0.000**

	
	Visit 1
	31
	13.9
	3.9
	0.7
	12.4
	15.3
	
	

	
	Visit 2
	31
	13.2
	3.5
	0.6
	11.9
	14.5
	
	

	
	Visit 3
	29
	11.9
	5.2
	1.0
	9.9
	13.8
	
	

	
	Visit 4
	28
	12.1
	4.3
	0.8
	10.5
	13.8
	
	

	AMS Q17
(Libido)
	Visit 0
	31
	3.4
	1.5
	0.3
	2.9
	4.0
	2.37
	0.05*

	
	Visit 1
	31
	3.0
	1.4
	0.2
	2.5
	3.5
	
	

	
	Visit 2
	31
	2.7
	1.5
	0.3
	2.2
	3.3
	
	

	
	Visit 3
	28
	2.5
	1.6
	0.3
	1.9
	3.2
	
	

	
	Visit 4
	28
	2.4
	1.5
	0.3
	1.8
	2.9
	
	

	One Way ANOVA
	
	
	
	
	
	
	
	

	* P < 0.05, S
	
	
	
	
	
	
	
	
	

	** P < 0.001, HS
	
	
	
	
	
	
	
	
	




[bookmark: _Hlk71625123]Table 6.2.14: Multiple comparisons within the mean values of AMS total score and its subscales at baseline (0), 3,6,9 and 12 months post TRT in active group


	Comparison of mean scores between intervals; Post-hoc Tukey's test

	Difference between intervals
	AMS Total score
	AMS Psychological subscale 
	AMS somatic subscale 
	AMS sexual subscale  
	AMS Q17

	
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value

	V1 - V0
	-7.6
	0.12
	-2.7
	0.10
	-2.4
	0.56
	-2.5
	0.12
	-0.4
	0.80

	V2 - V0
	-9.6
	0.02*
	-2.7
	0.10
	-3.7
	0.14
	-3.2
	0.02*
	-0.7
	0.33

	V3 - V0
	-12.5
	0.001**
	-3.4
	0.02*
	-4.6
	0.04*
	-4.6
	0.001**
	-0.9
	0.15

	V4 - V0
	-12.2
	0.002*
	-3.6
	0.01*
	-4.4
	0.05*
	-4.3
	0.001**
	-1.0
	0.05*

	V2 - V1
	-2.0
	0.97
	0.0
	1.00
	-1.3
	0.92
	-0.7
	0.96
	-0.3
	0.94

	V3 - V1
	-4.8
	0.56
	-0.6
	0.98
	-2.3
	0.62
	-2.0
	0.34
	-0.5
	0.75

	V4 - V1
	-4.6
	0.61
	-0.9
	0.94
	-2.0
	0.73
	-1.7
	0.51
	-0.6
	0.46

	V3 - V2
	-2.8
	0.90
	-0.6
	0.98
	-0.9
	0.98
	-1.3
	0.73
	-0.2
	0.99

	V4 - V2
	-2.6
	0.92
	-0.9
	0.94
	-0.6
	0.99
	-1.1
	0.87
	-0.4
	0.89

	V4 - V3
	0.2
	0.99
	-0.2
	0.99
	0.2
	0.99
	0.3
	0.99
	0.2
	0.99

	Post-hoc Tukey's test
	
	
	
	
	
	
	
	

	* P < 0.05, Sig.
	
	
	
	
	
	
	
	
	

	** P < 0.001, High Sig.
	
	
	
	
	
	
	
	

	P > 0.05, Not Sig.
	
	
	
	
	
	
	
	
	



Figure 6.2.15: Mean AMS total score at baseline (0), 3,6,9 and 12 months post TRT in active group


Figure 6.2.16: Mean AMS Psychological subscale score at baseline (0), 3,6,9 and 12 months post TRT in active group

Figure 6.2.17: Mean AMS Somatic subscale score at baseline (0), 3,6,9 and 12 months post TRT in active group


Figure 6.2.18: Mean AMS Sexual subscale score at baseline (0), 3,6,9 and 12 months post TRT in active group




Figure 6.2.19: Mean AMS Question 17 score (Libido) at baseline (0), 3,6,9 and 12 months post TRT in active group



[bookmark: _Toc94007787]6.2.3: Discussion:

In this chapter we outline the results of the testosterone undecanoate (TU) treatment for 6 months on health-related quality of life (HRQoL) in 65 men with clinical hypogonadism and type 2 diabetes mellitus. We looked at the effect on total AMS scores and its three subscales – Somatic, psychological and sexual subscales between the active and placebo group. Our data shows that there was a significant improvement in total AMS scores from baseline after TU treatment compared to placebo group (p<0.05). There was no improvement in mean sexual, somatic and psychological scores between the active and placebo groups however there was an improvement in the somatic score which approached significance at 6months. 

There was however a significant improvement in AMS total score as well as all its subscale scores before and after treatment of testosterone in the active arm at time points of 0,3,6,9 and 12 months. This is consistent with the data that it sometime takes over 6 months to see the benefits of testosterone therapy on symptoms of hypogonadism. 

We looked at question 17 in particular which asks about libido and it seems to significantly improve post treatment in the active arm compared to baseline. Several studies(Haider Karim et al., 2018; Ho et al., 2012; Ng Tang Fui et al., 2017) have shown the clinical improvement in symptoms using AMS questionnaire but however there are not many randomized control trials done in a cohort which has not only hypogonadism but also suffers from type 2 diabetes mellitus. Looking at the current literature, there are studies which have shown significant improvement in AMS scores in patients treated with testosterone however these were observational studies and registry studies. Also, these were in both diabetic and non-diabetic population. 

The IPASS study is the largest worldwide observational study of 1493 hypogonadal men receiving TU therapy(Zitzmann et al., 2012). After four TU injection intervals, the percentage of patients with “low” or “very low” levels of sexual desire/libido decreased from 64% at baseline to 10%; moderate, severe, or extremely severe erectile dysfunction decreased from 67% to 19%. At the last observation, 89% of patients were “satisfied” or “very satisfied” with TU therapy. Similarly, Rosen et al looked at Quality of Life and sexual function benefits of long-term testosterone treatment in a longitudinal study from the Registry of Hypogonadism in Men (RHYME)(Rosen et al., 2017). They confirmed the broad and sustained benefits of TRT across major QOL dimensions, including sexual, somatic, and psychological health, which were sustained over 36 months in the treatment cohort.  This was again in a cohort of both diabetic and non-diabetic patients and is a registry study.

There are only a handful of RCTs who have looked at the effect of testosterone on sexual and constitutional symptoms in diabetes population. The BLAST study (Hackett et al., 2011) was a study done in primary care and it showed improvement in total AMS scores as well as its subscales however this improvement was limited to men with no co-existing depression. Study conducted by Gitlay et al (Giltay et al., 2010) has 184 patients with hypogonadism and metabolic syndrome. The study aimed at assess the effects of testosterone undecanoate administration on subjective symptoms in hypogonadal men with the Metabolic Syndrome in a randomized, placebo-controlled, double-blind, phase III trial by using The Beck Depression Inventory, AMS scale, and International Index of Erectile Function 5-item (IIEF-5) scale at baseline, 18 and 30 weeks. There were significant improvements total AMS scores (-7.4 points; 95% CI: -4.3; -10.5; P < 0.001) in this population however only 56 out of 184 patients had type 2 diabetes mellitus. Another RCT  by Gianatti et al (Gianatti et al., 2014b) looked at the effect of TU treatment on constitutional  and sexual symptoms in men with type 2 diabetes. The study had eighty-eight participants and were randomly assigned to 40 weeks of intramuscular Testosterone undecanoate and matching placebo. The study however did not show substantial improvement in AMS total score ( -0.9 / p =0.67) or its subscales. The patients in this study had HbA1C of less than 8.5% and total testosterone levels less than 12 nmol/l. Similarly, yet another RCT from our own group, TIMES 2 study(Jones et al., 2011a) looked at the effect of transdermal testosterone on AMS scores in patients with hypogonadism and type 2 diabetes mellitus and/or metabolic syndrome in 220 men. There was no significant difference in total AMS scores at 6 months and 12 months post treatment with testosterone. This study again did not look the effect in diabetes sub-group of the cohort specifically. 

Hence our study will be the first study to show significant clinical improvement in the symptoms as measured by total AMS scores in a cohort with both hypogonadism and type 2 diabetes. This result will hence have significant clinical implication in patients with diabetes who have hypogonadism and makes an argument to actively diagnose and institute treatment in these patients to better their clinical symptoms. There was no improvement in the sexual subscale of AMS survey at 6 months post treatment in our study. This may be because patients with diabetes have associated neuropathy and vasculopathy contributing to their erectile dysfunction and hence reversing the hypogonadism alone may not reverse the ED which has multifactorial causes. Also there may be host of other contributing causes for erectile dysfunction in hypogonadal men(Guay, Seftel and Traish, 2010). Further, our phase 1 part of the study only looked at the effect of TRT at 6 months which has been regarded as too early to show any sexual symptom improvement(Saad et al., 2011). Phase 2 of the study (6-12months), which is the open label part of the study however showed significant improvement in all the subscale scores including sexual subscale and libido in the active group before and after the testosterone treatment. 

Another key finding from our study substantiating the clinical argument of treatment of patients with hypogonadism in diabetes cohort is that the proportion of patients with severe symptoms moving to a less severe category (low/mild/moderate severity) was 46% in the active group vs only 28% in placebo group (figure 6.1.15). This was at 6 months post treatment and one could hypothesize that it will only get better as the time progresses.

Limitations of this study is that HRQoL questionnaire analysis was a secondary outcome of the STRIDe study. This trial was primarily powered to evaluate the effects of TRT on glycaemic control. However, given the confidence intervals and 5.063±2.51 point change in total AMS score, it appears unlikely that this significant improvement would have changed if it were to be a primary outcome. Another limitation of the study is that TU was given at fixed intervals of 0, 6 wk and every 12 weeks thereafter whereas we know from our clinical experience that some patients metabolise TU quicker than others and need injections as frequently as 8 weeks rather than 12 weeks. This hence means that all the patients may or may not have completely normalised their T levels and a higher dose in the form of decreased intervals would have improved symptoms better. Furthermore, we haven’t looked at the CAG repeat sequence in androgen receptor genes which determines variable sensitivity to therapeutic effect of testosterone. We have measured CAG repeat sequence however we do not have the results yet due to restrictions of lab work due to Covid-19 pandemic.

Strengths of the study is that the study design was rigorous as it’s a randomized controlled trial and all 65 patients finished the first phase of the study which was for 6 months. The study outcome can be readily extrapolated to our clinically comparable cohort of diabetes patients with hypogonadism and other associated co-morbidities as in the study population. Another strength of the study is that we used testosterone undecanoate which is an intramuscular preparation which was given by the study nurse and hence the compliance of the treatment is hundred percent whereas this may not be the case in many studies where a transdermal preparation was used.




[bookmark: _Toc94007788]6.2.4: Conclusion:

This study has concluded that there is a significant improvement in clinical symptoms as measured by aging male survey (AMS questionnaire) in patients with hypogonadism and type 2 diabetes after treatment with 6 months of testosterone undecanoate treatment. There is significant improvement in the total score of the AMS questionnaire but there was no significant improvement in its subscales - sexual, somatic or psychological subscales at 6 months.

The study also showed that there is greater proportion of patients moving down the severity scales of AMS questionnaire in active group compared to placebo group after treatment with 6 months of testosterone implying significant clinical improvement in this cohort.

The study also showed significant improvements in both total and its three subscale scores before and after treatment of testosterone in the active group in the phase 2 part of the trial which was open label part of the trial.





[bookmark: _Toc94007789]6.3 Other Questionnaires:

[bookmark: _Toc94007790]6.3.1 IIEF-5 (Index of Erectile Function) questionnaire:

6.3.1.1: Introduction

Erectile dysfunction is a very common symptom in patients with diabetes. The prevalence of erectile dysfunction in men with diabetes ranges from 30 to 90 percent depending on the study(Fedele et al., 2000; McCulloch et al., 1980; Sasaki et al., 2005). Most often or not the cause for such ED is multifactorial. The various aetiology causing ED in men with diabetes include peripheral neuropathy, vascular insufficiency, smoking, certain medications and obesity. Hypogonadism which is one another strong cause for ED co-exists in up to 25 percent of the patients(Kapoor et al., 2007a). ED due to Testosterone deficiency is usually reversible with appropriate hormone replacement when there is no other cause contributing to ED. 

International index of erectile function (IIEF) questionnaire is a multi-dimensional 15 point validated questionnaire to designed to assess the severity of ED(Rosen et al., 1997). IIEF-5 is an abridged version what has only 5 questions and is shown to be equally effective in assessing ED(Rosen et al., 1999). This tool is widely used to quantify and measure the improvement in severity of ED pre and post treatment or intervention. Scores range from 0-5. Zero is where a patient has not had sexual activity in 4 weeks prior to filling the questionnaire. Total scores range from 5 to 25, 5 being the most severe ED and 25 means virtually no ED.

As mentioned above, ED due to hypogonadism is usually reversible when present in silo and several interventional trials have shown the positive effects of TRT on ED(Giltay et al., 2010; Greco, Spera and Aversa, 2006; Kalinchenko et al., 2003) however, it can take up to 6-8 months to see such a response. TIMES-2 study showed there was significant improvement in libido at 6 months however no improvement in ED(Jones et al., 2011a). This marked improvement in ED is because testosterone has a significant role in the development of erections (Lewis and Mills, 2004; Shabsigh, 2005).

Animal studies and some human studies have shown that low testosterone has significant adverse effects of the penile tissue anatomy which in turn contributes to erectile dysfunction. Low testosterone causes decreased elastin fibres, decreased smooth muscle fibres in corpus cavernosum and increased collagen in tunica albugenia. It also causes fat deposition in space between tunica corpus and decrease in cavernosal nerve sheath width(Corona and Maggi, 2010). 

6.3.1.2 Results:

All 65 patients in our study had erectile dysfunction. 43 Number of patients had no sexual activity 4 weeks prior to filling the IIEF-5 questionnaire and hence scored 0. These were excluded from the analysis. There was no significant difference in either the total IIEF score (table 6.3.1) or its individual domains at baseline and after 6 months of testosterone treatment (table 6.3.2).  There was no significant difference in the IIEF-5 scores within the active arm before and after treatment of testosterone (phase 1 and 2 of the trial - at baseline (0), 3,6,9 and 12 months post treatment) (Table 6.3.3) 

Table 6.3.1: IIEF-5 total scores before and after treatment of testosterone
	
	Placebo Group
	Active Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post 
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	IIEF-5 
Total Score


	4.56±5.967
	4.4.7±6.579
	6.06±5.984
	6.72±8.528
	
0.566
	-1.158±1.920
	
-5.036
	
2.720




Table 6.3.2: IIEF-5 individual scores before and after treatment of testosterone


	
IIEF-5

	Placebo Group
	Active Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	IIEF Q1
	1.61±1.145
	1.61±1.461
	1.95±1.099
	2.00±1.717
	0.903
	-0.050±0.409
	-0.879
	0.779

	IIEF Q2
	1.94±1.259
	1.56±1.504
	1.90±1.044
	2.00±1.789
	0.335
	-0.484±0.496
	-1.488
	0.520

	IIEF Q3
	2.14±1.292
	1.86±1.791
	2.05±1.099
	2.25±1.943
	0.427
	-0.486±0.604
	-1.715
	0.744

	IIEF Q4
	1.73±1.163
	1.53±1.552
	1.85±1.040
	2.15±1.899
	0.337
	-0.500±0.514
	-1.545
	0.545

	IIEF Q5
	2.00±1.291
	1.69±1.702
	1.76±1.136
	1.81±1.834
	0.494
	-0.355±0.513
	-1.401
	0.690







Table 6.3.3: Mean IIEF-5 scores at baseline (0), 3,6,9 and 12 months post TRT in active group (phase 1 and 2)
	Factors
	Visit
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F
	P value

	
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	IIEFQ1
	Visit 0
	18
	2.17
	1.20
	0.28
	1.57
	2.76
	0.88
	0.48, NS

	
	Visit 1
	18
	2.67
	1.41
	0.33
	1.96
	3.37
	
	

	
	Visit 2
	16
	2.44
	1.55
	0.39
	1.61
	3.26
	
	

	
	Visit 3
	18
	2.56
	1.50
	0.35
	1.81
	3.30
	
	

	
	Visit 4
	15
	3.07
	1.44
	0.37
	2.27
	3.86
	
	

	IIEFQ2
	Visit 0
	19
	2.16
	1.12
	0.26
	1.62
	2.70
	0.48
	0.75, NS

	
	Visit 1
	19
	2.42
	1.30
	0.30
	1.79
	3.05
	
	

	
	Visit 2
	16
	2.38
	1.50
	0.38
	1.58
	3.17
	
	

	
	Visit 3
	18
	2.50
	1.54
	0.36
	1.73
	3.27
	
	

	
	Visit 4
	18
	2.78
	1.44
	0.34
	2.06
	3.49
	
	

	IIEFQ3
	Visit 0
	18
	2.22
	1.11
	0.26
	1.67
	2.78
	1.43
	0.23, NS

	
	Visit 1
	15
	3.00
	1.56
	0.40
	2.14
	3.86
	
	

	
	Visit 2
	13
	2.92
	1.50
	0.42
	2.02
	3.83
	
	

	
	Visit 3
	16
	2.75
	1.57
	0.39
	1.91
	3.59
	
	

	
	Visit 4
	14
	3.36
	1.22
	0.32
	2.66
	4.06
	
	

	IIEFQ4
	Visit 0
	18
	2.00
	1.08
	0.26
	1.46
	2.54
	1.93
	0.12, NS

	
	Visit 1
	13
	2.85
	1.41
	0.39
	2.00
	3.70
	
	

	
	Visit 2
	13
	2.69
	1.49
	0.41
	1.79
	3.60
	
	

	
	Visit 3
	15
	2.67
	1.59
	0.41
	1.79
	3.55
	
	

	
	Visit 4
	14
	3.36
	1.45
	0.39
	2.52
	4.19
	
	

	IIEFQ5
	Visit 0
	18
	1.94
	1.21
	0.29
	1.34
	2.55
	2.02
	0.10, NS

	
	Visit 1
	13
	2.92
	1.38
	0.38
	2.09
	3.76
	
	

	
	Visit 2
	12
	2.83
	1.40
	0.41
	1.94
	3.73
	
	

	
	Visit 3
	14
	2.79
	1.63
	0.43
	1.85
	3.72
	
	

	
	Visit 4
	14
	3.29
	1.44
	0.38
	2.46
	4.12
	
	

	IIEF-5 Total score
	Visit 0
	20
	9.55
	5.72
	1.28
	6.87
	12.23
	0.57
	0.69, NS

	
	Visit 1
	21
	10.19
	8.09
	1.77
	6.51
	13.87
	
	

	
	Visit 2
	17
	10.82
	8.26
	2.00
	6.58
	15.07
	
	

	
	Visit 3
	19
	11.26
	8.35
	1.92
	7.24
	15.29
	
	

	
	Visit 4
	18
	13.11
	8.41
	1.98
	8.93
	17.29
	
	

	One Way ANOVA
	
	
	
	
	
	
	
	

	P > 0.05, NS- Not Significant.
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


[bookmark: _Toc94007791]6.3.2 SF 36 (Short Form Health Survey) questionnaire:
6.3.2.1 Introduction: 

SF-36 is one of the most commonly used questionnaires to assess the health-related Quality of life(Ruta et al., 1993; Ware and Gandek, 1998). This questionnaire has also been well validated in type 2 diabetes(Ware et al., 1996; Linzer et al., 2005; McColl et al., 1995). As the name depicts, the tool consists of 36 questionnaires which is a generic measure of health status. It can be categorised under 9 various domains each giving QoL for different aspects of health. Appendix 3 summarises the calculation of sub-domains if SF-36 questionnaire.

Studies have shown that both hypogonadism and type 2 diabetes mellitus independently affect health-related quality of life independently as measured by SF-36 or SF-12 (Brooke et al., 2014; Finas et al., 2006). Interventional studies have been inconsistent in their outcome on QoL after TRT in HG patients, especially on the generic quality of life scales like SF6(Reddy et al., 2000; Taniguchi et al., 2009; English et al., 2000; Tong et al., 2012). Our own group has shown positive results of testosterone therapy in patients with Hypogonadism and angina(English et al., 2000). In this study, active treatment group showed improvements in all 8 domains of quality-of-life assessment by SF-36 at weeks 6 and 14 compared with baseline; these changes were statistically significant for role limitation resulting from physical problems (P=0.02) and pain perception (P=0.03). Patients in the placebo group showed a reduction in quality-of-life scores in 7 of the 8 domains at week 6 and 5 of the 8 domains at week 14, but none of these changes were statistically significant. When the results between the 2 groups were compared, there was significantly greater improvement in the active group than the placebo group in social functioning (P=0.04), role limitation resulting from emotional problems (P=0.03), mental health (P=0.04), and general health perception (P=0.03) at week 6 and in role limitation resulting from physical problems (P=0.04) at week 14. Similarly, another RCT showed positive effects of long acting TU on QoL in men with Testosterone deficiency syndrome(Tong et al., 2012). In another RCT, intramuscular testosterone, administered at a dose of 200 mg every 2 weeks, does not affect the HRQOL of elderly males(Reddy et al., 2000). However, there is paucity of data in a cohort which has both hypogonadism and type 2 diabetes. Our study investigated this at baseline and after 6 months of treatment with TU.

6.3.2.2 Results:

[bookmark: _Hlk71631399]There was no significant difference in either the total SF-36 score or its domains at baseline and after 6 months of testosterone treatment (table 6.3.3). However, the total SF-36 score is trending to   approach significance p=0.072 so is the physical domain score with p value of 0.071. There was no significant difference in the SF-36 total score within the active arm before and after treatment of testosterone (phase 1 and 2 of the trial - at baseline (0), 3,6,9 and 12 months post treatment)  however there was significant improvement in the mean scores of physical health domain and health change in over 1 year ( p=0.019, p=0.019 respectively) as shown in tables 6.3.4,6.3.5(a) and 6.3.5(b) and figures 6.3.1 and 6.3.2.
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Table 6.3.3: SF-36 total scores and sub domains before and after testosterone treatment
	
	Placebo Group
	Active Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	Total 
SF36

	88.53±20.97
	92.28±24.76
	94.53±32.53
	103.34±21.72
	0.072
	-5.06±3.95
	-12.97
	2.85

	Physical 
Domain
	58.28±25.74
	55.63±31.59
	62.19±29.51
	69.53±30.22
	0.071
	10.00±5.37
	-20.74
	0.74

	Physical
 health
	46.88±41.52
	67.71±39.24
	51.56±38.59
	75.78±37.83
	0.344
	-11.72±12.27
	-36.34
	12.81

	Emotional
 health
	58.33±41.48
	92.28±24.76
	80.21±35.78
	85.42±30.45
	0.717
	4.13±11.43
	-18.74
	26.99

	Social
 Function
	66.67±25.08
	71.53±27.21
	68.75±28.56
	80.56±24.76
	0.211
	-6.94±5.49
	-17.88
	4.00

	Emotional
 wellbeing
	64.38±20.71
	66.50±19.69
	69.75±20.92
	76.13±18.27
	0.190
	-4.25±3.68
	-11.62
	3.12

	Vitality

	36.56±21.72
	42.03±26.15
	42.81±22.54
	58.09±9.569
	0.590
	-2.34±4.33
	-10.99
	6.30

	Pain

	49.65±28.78
	55.56±28.08
	60.69±9.427
	50.63±24.94
	0.563
	4.50±5.28
	-6.05
	15.05

	General
 health

	43.59±20.09
	47.97±24.62
	45.94±19.49
	52.81±21.77
	0.519
	-2.50±4.61
	-11.72
	6.72

	Health 
change over 
1 year
	41.41±21.64
	42.18±30.08
	41.64
	53.91±21.17
	0.128
	-0.78±7.96
	-16.69
	15.12



Table 6.3.4: Mean SF36 (Total and sub domains) scores at baseline (0), 3,6,9 and 12 months post TRT in active group (phase 1 and 2)

	
Factors
	Visit
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F
	P value

	
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	SF-36 Total Score
	Visit 0
	31
	94.3
	22.8
	4.1
	85.9
	102.6
	1.22
	0.30, NS

	
	Visit 1
	31
	100.7
	21.7
	3.9
	92.7
	108.6
	
	

	
	Visit 2
	31
	102.5
	22.0
	4.0
	94.4
	110.6
	
	

	
	Visit 3
	28
	105.9
	20.8
	3.9
	97.8
	113.9
	
	

	
	Visit 4
	28
	104.6
	25.0
	4.7
	94.9
	114.3
	
	

	Physical Domain
	Visit 0
	31
	64.2
	29.0
	5.2
	53.6
	74.8
	0.21
	0.94, NS

	
	Visit 1
	31
	65.3
	30.4
	5.5
	54.2
	76.5
	
	

	
	Visit 2
	31
	69.4
	29.8
	5.3
	58.4
	80.3
	
	

	
	Visit 3
	28
	70.0
	32.1
	6.1
	57.5
	82.5
	
	

	
	Visit 4
	28
	68.0
	31.7
	6.0
	55.7
	80.3
	
	

	Physical health
	Visit 0
	31
	50.8
	37.9
	6.8
	36.9
	64.7
	3.05
	0.019, S

	
	Visit 1
	31
	64.5
	41.7
	7.5
	49.2
	79.8
	
	

	
	Visit 2
	31
	72.6
	38.9
	7.0
	58.3
	86.9
	
	

	
	Visit 3
	28
	84.8
	30.7
	5.8
	72.9
	96.7
	
	

	
	Visit 4
	28
	67.9
	41.9
	7.9
	51.6
	84.1
	
	

	Emotional health
	Visit 0
	31
	75.3
	38.5
	6.9
	61.2
	89.4
	1.66
	0.16, NS

	
	Visit 1
	31
	74.2
	38.2
	6.9
	60.2
	88.2
	
	

	
	Visit 2
	31
	84.9
	30.9
	5.5
	73.6
	96.3
	
	

	
	Visit 3
	28
	94.1
	20.4
	3.8
	86.2
	102.0
	
	

	
	Visit 4
	28
	78.6
	39.8
	7.5
	63.1
	94.0
	
	

	Social        Function
	Visit 0
	31
	66.0
	28.0
	5.0
	55.7
	76.3
	1.76
	0.14, NS

	
	Visit 1
	31
	80.7
	24.0
	4.3
	71.9
	89.5
	
	

	
	Visit 2
	31
	79.3
	25.0
	4.5
	70.1
	88.5
	
	

	
	Visit 3
	28
	81.4
	23.4
	4.4
	72.3
	90.5
	
	

	
	Visit 4
	28
	76.3
	30.4
	5.7
	64.5
	88.0
	
	

	Emotional       well being
	Visit 0
	31
	69.8
	21.5
	3.9
	61.9
	77.7
	1.74
	0.14, NS






	
	Visit 1
	31
	75.6
	17.6
	3.2
	69.2
	82.1
	
	

	
	Visit 2
	31
	76.9
	18.4
	3.3
	70.2
	83.6
	
	

	
	Visit 3
	28
	78.4
	16.4
	3.1
	72.1
	84.8
	
	

	
	Visit 4
	28
	81.7
	15.6
	3.0
	75.6
	87.8
	
	

	
Factors
	Visit
	N
	Mean
	Std. Deviation
	Std. Error
	Lower Bound
	Upper Bound
	F
	P value

	Vitality
	Visit 0
	31
	42.1
	22.8
	4.1
	33.7
	50.5
	1.52
	0.20, NS

	
	Visit 1
	31
	49.4
	21.7
	3.9
	41.4
	57.3
	
	

	
	Visit 2
	31
	49.5
	25.8
	4.6
	40.0
	59.0
	
	

	
	Visit 3
	28
	52.9
	21.6
	4.1
	44.5
	61.2
	
	

	
	Visit 4
	28
	56.4
	24.8
	4.7
	46.8
	66.0
	
	

	Pain
	Visit 0
	31
	62.0
	28.6
	5.1
	51.5
	72.5
	0.30
	0.88, NS

	
	Visit 1
	31
	64.2
	28.9
	5.2
	53.6
	74.8
	
	

	
	Visit 2
	31
	62.1
	30.7
	5.5
	50.9
	73.4
	
	

	
	Visit 3
	28
	68.3
	30.4
	5.8
	56.5
	80.1
	
	

	
	Visit 4
	28
	60.3
	31.9
	6.0
	47.9
	72.7
	
	

	General         health
	Visit 0
	31
	45.5
	19.6
	3.5
	38.3
	52.7
	0.79
	0.54, NS

	
	Visit 1
	31
	49.4
	20.6
	3.7
	41.8
	56.9
	
	

	
	Visit 2
	31
	51.8
	22.0
	4.0
	43.7
	59.8
	
	

	
	Visit 3
	28
	54.1
	22.7
	4.3
	45.3
	62.9
	
	

	
	Visit 4
	28
	53.6
	24.1
	4.6
	44.2
	62.9
	
	

	Health change over 1 year
	Visit 0
	31
	41.1
	16.5
	3.0
	35.1
	47.2
	3.04
	0.019, S

	
	Visit 1
	31
	53.2
	19.1
	3.4
	46.2
	60.2
	
	

	
	Visit 2
	31
	50.0
	20.4
	3.7
	42.5
	57.5
	
	

	
	Visit 3
	28
	54.5
	13.7
	2.6
	49.2
	59.8
	
	

	
	Visit 4
	28
	54.5
	18.1
	3.4
	47.5
	61.5
	
	

	One Way ANOVA
	
	
	
	
	
	
	
	

	* P < 0.05, Sig.
	
	
	
	
	
	
	
	

	P > 0.05, Not Sig.
	
	
	
	
	
	
	
	










[bookmark: _Hlk71625461]Table 6.3.5 (a): Multiple comparisons within the mean values of SF-36 total score and its sub-domains at baseline (0), 3,6,9 and 12 months post TRT in active group

	Comparison of mean scores between follow-up intervals; Post-hoc Tukey's test

	Difference between intervals
	SF-36 Total Score
	Physical Domain
	Physical Health
	Emotional health
	Social Function

	
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value

	V1 - V0
	6.4
	0.79
	1.0
	1.00
	13.7
	0.63
	-1.1
	1.00
	14.7
	0.19

	V2 - V0
	8.3
	0.60
	5.2
	0.95
	21.8
	0.18
	9.6
	0.81
	13.3
	0.28

	V3 - V0
	11.6
	0.28
	5.8
	0.95
	34.0
	0.01*
	18.8
	0.23
	15.4
	0.17

	V4 - V0
	10.3
	0.40
	3.8
	0.99
	17.1
	0.44
	3.3
	1.00
	10.2
	0.57

	V2 - V1
	1.8
	1.00
	4.0
	0.99
	8.1
	0.92
	10.7
	0.74
	-1.4
	1.00

	V3 - V1
	5.2
	0.90
	4.7
	0.98
	20.3
	0.26
	19.8
	0.18
	0.7
	1.00

	V4 - V1
	3.9
	0.96
	2.7
	1.00
	3.3
	1.00
	4.3
	0.99
	-4.5
	0.97

	V3 - V2
	3.3
	0.98
	0.6
	1.00
	12.2
	0.74
	9.1
	0.85
	2.1
	1.00

	V4 - V2
	2.1
	1.00
	1.3
	1.00
	-4.7
	0.99
	-6.4
	0.95
	-3.0
	0.99

	V4 - V3
	1.3
	1.00
	2.0
	1.00
	17.0
	0.47
	15.5
	0.45
	-5.2
	0.95

	Post-hoc Tukey's test
	
	
	
	
	
	
	
	

	* P < 0.05, Sig.
	
	
	
	
	
	
	
	
	

	P > 0.05, Not Sig.
	
	
	
	
	
	
	
	
	







[bookmark: _Hlk71630884]Table 6.3.5 (b): Multiple comparisons within the mean values of SF-36 total score and its sub-domains at baseline (0), 3,6,9 and 12 months post TRT in active group


	Comparison of mean scores between intervals; Post-hoc Tukey's test

	Difference between intervals
	Emotional Well being
	Vitality
	Pain
	General health
	Health change over      1 year

	
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value

	V1 - V0
	5.8
	0.71
	7.3
	0.74
	2.2
	1.00
	3.9
	0.96
	12.1
	0.06

	V2 - V0
	7.1
	0.54
	7.4
	0.72
	0.1
	1.00
	6.3
	0.79
	8.9
	0.29

	V3 - V0
	8.6
	0.36
	10.8
	0.40
	6.3
	0.93
	8.6
	0.55
	13.3
	0.04*

	V4 - V0
	1.9
	0.09
	14.3
	0.14
	-1.7
	1.00
	8.1
	0.61
	13.3
	0.04*

	V2 - V1
	1.3
	1.00
	0.2
	1.00
	-2.1
	1.00
	2.4
	0.99
	-3.2
	0.95

	V3 - V1
	2.8
	0.98
	3.5
	0.98
	4.1
	0.99
	4.8
	0.92
	1.2
	1

	V4 - V1
	6.1
	0.70
	7.1
	0.77
	-3.9
	0.99
	4.2
	0.95
	1.2
	1

	V3 - V2
	1.5
	1.00
	3.3
	0.98
	6.2
	0.93
	2.3
	0.99
	4.5
	0.87

	V4 - V2
	4.8
	0.85
	6.9
	0.70
	-1.8
	1.00
	1.8
	1.00
	4.5
	0.87

	V4 - V3
	3.3
	0.96
	3.6
	0.78
	-8.0
	0.86
	0.5
	1.00
	0.0
	1.00

	Post-hoc Tukey's test
	
	
	
	
	
	
	
	

	* P < 0.05, Sig.
	
	
	
	
	
	
	
	
	

	P > 0.05, Not Sig.
	
	
	
	
	
	
	
	
	




Figure 6.3.1: Mean physical health domain of SF-36 at baseline (0), 3,6,9 and 12 months post TRT in active group




Figure 6.3.2: Mean Health change over 1-year domain of SF-36 at baseline (0), 3,6,9 and 12 months post TRT in active group


[bookmark: _Toc94007792]6.3.3 Mini Mental State Examination (MMSE):

6.3.3.1 Introduction:

Low testosterone is believed to cause cognitive decline in older men(Matsumoto, 2002). However there seems to be differing results when we look at randomized control trials looking at effects of testosterone replacement therapy on cognition. Certain RCTs have shown no significant improvement in cognitive performance(Sih et al., 1997; Kenny et al., 2004; Haren et al., 2005; Maki et al., 2007) whilst other RCTs have shown improvement in verbal memory, spatial cognition and working memory post testosterone treatment(Cherrier et al., 2005b; Cherrier et al., 2001; J. Wahjoepramono et al., 2016) However, there are no RCTs who have looked at the effect of testosterone treatment on cognition in patients with both type 2 diabetes and hypogonadism. We used the Mini-Mental State Examination or Folstein test is a 30-point questionnaire which is a well validated tool used extensively in clinical and research settings to measure cognitive impairment(Folstein, Folstein and McHugh, 1975).

6.3.3.2 Results:

There was no significant difference in either the total MMSE score or its sub-components at baseline and after 6 months of testosterone treatment (table 6.3.6). There was no significant difference in the MMS total score within the active arm before and after treatment of testosterone (phase 1 and 2 of the trial - at baseline (0), 3,6,9 and 12 months post treatment) however there was significant improvement in the mean scores of delayed verbal recall which was highly significant (p=0.0004) as shown in tables 6.3.7 and 6.3.8 and figure 6.4. 

Table 6.3.6: MMSE total score and sub domains before and after treatment of testosterone
	
	Placebo Group
	Active Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	Total MM
S Score
	28.32±2.166
	28.87±1.979
	29.19±0.946
	29.48±1.235
	0.789
	0.465±0.465
	-0.805
	1.055

	Orientation
	9.77±0.425
	9.87±0.341
	9.87±0.341
	9.84±0.454
	1.000
	0.00±0.133
	-0.265
	0.265

	Immediate 
Recall
	3.00±0.00
	3.00±0.00
	3.00±0.00
	3.00±0.00
	0.925
	0.031±0.329
	-0.626
	0.689

	Attention
	4.45±1.312
	4.45±1.338
	4.84±0.454
	4.81±0.792
	0.728
	-0.063±0.179
	-0.420
	0.295

	Delayed 
verbal recall
	2.4±0.677
	2.84±0.454
	2.52±0.626
	2.90±0.301
	0.868
	0.063±0.374
	-0.686
	0.811

	Language 
	7.71±0.643
	7.71±0.824
	8.00±0.00
	7.94±0.250
	0.420
	0.063±0.077
	-0.092
	0.217

	Pentagon

	0.90±0.301
	1.00±0.00
	0.97±0.180
	1.00±0.00
	0.869
	0.219±1.323
	-2.427
	2.864



Table 6.3.7: Mean MMS (total and sub domains) scores at baseline (0), 3,6,9 and 12 months post TRT in active group (phase 1 and 2)
	Factors
	Visit
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F
	P value

	
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Orientation
	Visit 0
	31
	9.87
	0.34
	0.06
	9.75
	10.00
	0.71
	0.59, NS

	
	Visit 1
	31
	9.94
	0.25
	0.04
	9.84
	10.03
	
	

	
	Visit 2
	31
	9.81
	0.48
	0.09
	9.63
	9.98
	
	

	
	Visit 3
	28
	9.93
	0.26
	0.05
	9.83
	10.03
	
	

	
	Visit 4
	27
	9.89
	0.32
	0.06
	9.76
	10.02
	
	

	Immediate recall 
	Visit 0
	31
	3.00
	0.00
	0.00
	3.00
	3.00
	0.00
	1.00, NS

	
	Visit 1
	31
	3.00
	0.00
	0.00
	3.00
	3.00
	
	

	
	Visit 2
	31
	3.00
	0.00
	0.00
	3.00
	3.00
	
	

	
	Visit 3
	28
	3.00
	0.00
	0.00
	3.00
	3.00
	
	

	
	Visit 4
	27
	3.00
	0.00
	0.00
	3.00
	3.00
	
	

	Attention 
	Visit 0
	31
	4.84
	0.45
	0.08
	4.67
	5.01
	0.13
	0.97, NS

	
	Visit 1
	31
	4.71
	0.86
	0.16
	4.39
	5.03
	
	

	
	Visit 2
	31
	4.81
	0.79
	0.14
	4.52
	5.10
	
	

	
	Visit 3
	28
	4.75
	0.97
	0.18
	4.38
	5.13
	
	

	
	Visit 4
	27
	4.82
	0.96
	0.19
	4.43
	5.20
	
	

	Delayed verbal recall 
	Visit 0
	31
	2.55
	0.62
	0.11
	2.32
	2.78
	4.02
	0.004*, S

	
	Visit 1
	31
	2.74
	0.44
	0.08
	2.58
	2.91
	
	

	
	Visit 2
	31
	2.87
	0.34
	0.06
	2.75
	3.00
	
	

	
	Visit 3
	28
	2.89
	0.32
	0.06
	2.77
	3.02
	
	

	
	Visit 4
	27
	2.93
	0.27
	0.05
	2.82
	3.03
	
	

	Language 
	Visit 0
	31
	8.00
	0.00
	0.00
	8.00
	8.00
	1.39
	0.24, NS

	
	Visit 1
	30
	7.90
	0.31
	0.06
	7.79
	8.01
	
	

	
	Visit 2
	31
	7.94
	0.25
	0.04
	7.84
	8.03
	
	

	
	Visit 3
	28
	7.96
	0.19
	0.04
	7.89
	8.04
	
	

	
	Visit 4
	26
	8.00
	0.00
	0.00
	8.00
	8.00
	
	

	Pentagon 
	Visit 0
	31
	1.00
	0.00
	0.00
	1.00
	1.00
	0.00
	1.00, NS

	
	Visit 1
	29
	1.00
	0.00
	0.00
	1.00
	1.00
	
	

	
	Visit 2
	31
	1.00
	0.00
	0.00
	1.00
	1.00
	
	

	
	Visit 3
	26
	1.00
	0.00
	0.00
	1.00
	1.00
	
	

	
	Visit 4
	26
	1.00
	0.00
	0.00
	1.00
	1.00
	
	

	TOTAL 
MMS
Score
	Visit 0
	31
	29.26
	0.93
	0.17
	28.92
	29.60
	0.45
	0.77, NS

	
	Visit 1
	31
	29.00
	1.91
	0.34
	28.30
	29.70
	
	

	
	Visit 2
	31
	29.42
	1.23
	0.22
	28.97
	29.87
	
	

	
	Visit 3
	28
	29.46
	1.17
	0.22
	29.01
	29.92
	
	

	
	Visit 4
	27
	29.30
	1.96
	0.38
	28.52
	30.07
	
	



	Comparison of mean scores between intervals; Post-hoc Tukey's test

	Difference between intervals
	Orientation
	Attention
	Delayed verbal recall 
	Language 
	Pentagon 
	TOTAL 

	
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value

	V1 - V0
	0.06
	0.95
	-0.13
	0.97
	0.19
	0.38
	-0.10
	0.29
	-0.03
	0.89
	-0.26
	1.00

	V2 - V0
	-0.06
	0.95
	-0.03
	1.00
	0.32
	0.03*,S
	-0.06
	0.70
	0.00
	1.00
	0.16
	1.00

	V3 - V0
	0.06
	0.97
	-0.09
	0.99
	0.34
	0.02*,S
	-0.04
	0.96
	-0.07
	0.30
	0.21
	0.98

	V4 - V0
	0.02
	1.00
	-0.02
	1.00
	0.38
	0.01*,S
	0.00
	1.00
	0.00
	1.00
	0.04
	1.00

	V2 - V1
	-0.13
	0.57
	0.10
	0.99
	0.13
	0.75
	0.04
	0.96
	0.03
	0.89
	0.42
	1.00

	V3 - V1
	-0.01
	1.00
	0.04
	1.00
	0.15
	0.65
	0.06
	0.73
	0.04
	0.84
	0.46
	0.76

	V4 - V1
	-0.05
	0.99
	0.11
	0.99
	0.18
	0.47
	0.10
	0.33
	0.03
	0.90
	0.30
	0.94

	V3 - V2
	0.12
	0.65
	-0.06
	1.00
	0.02
	1.00
	0.03
	0.98
	-0.07
	0.30
	0.04
	1.00

	V4 - V2
	0.08
	0.89
	0.01
	1.00
	0.06
	0.99
	0.06
	0.78
	0.00
	1.00
	-0.12
	1.00

	V4 - V3
	-0.04
	0.99
	0.05
	1.00
	0.03
	1.00
	0.04
	0.96
	0.07
	0.35
	-0.17
	0.99

	Post-hoc Tukey's test
	
	
	
	
	
	
	
	
	
	

	* P < 0.05, Sig.
	
	
	
	
	
	
	
	
	
	
	

	P > 0.05, Not Sig.
	
	
	
	
	
	
	
	
	
	
	


[bookmark: _Hlk71724329]Table 6.3.8: Multiple comparisons within the mean values of MMS total score and its sub-domains at baseline (0), 3,6,9 and 12 months post TRT in active group
Figure 6.4: Mean delayed verbal recall domain of MMS at baseline (0), 3,6,9 and 12 months post TRT in active group



[bookmark: _Toc94007793]6.3.4 NERI (New England Research Institute) Hypogonadal screener:

[bookmark: _Toc94007794]6.3.4.1 Introduction:

NERI hypogonadal screener is a self‐report instrument (HG Screener) developed to identify men with symptoms of Hypogonadism(Rosen et al., 2011). Rosen et al showed that this instrument was found to have strong psychometric properties, including acceptable discriminant, construct and content validity, as well as good internal consistency and test–retest reliability. This tool has been however only validated according to FDA standards for its sub-domains but it is not yet validated for total score.



[bookmark: _Toc94007795]6.3.4.2 Results:

There was no significant difference in the NERI total score at baseline and after 6 months of testosterone treatment (table 6.3.9). There was no significant difference in the mean NERI total score or the sub domains within the active arm before and after treatment of testosterone (phase 1 and 2 of the trial - at baseline (0), 3,6,9 and 12 months post treatment) as shown in table 6.3.10.
Table 6.3.9: NERI hypogonadal screener total scores before and after treatment with testosterone 
	
	Placebo Group
	Active Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post 
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	NERI 
Total Score

	61.28±8.117
	59.88±9.210
	60.69±9.427
	58.09±9.569
	
0.494
	1.188±1.727
	
-2.273
	
4.648










Table 6.3.10: Mean NERI (total and sub domains) scores at baseline (0), 3,6,9 and 12 months post TRT in active group (phase 1 and 2)
	N E R I

	Factors
	Visit
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F
	P value

	
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	NERI Total score
	Visit 0
	31
	59.8
	9.9
	1.8
	56.2
	63.4
	1.01
	0.40

	
	Visit 1
	31
	58.5
	9.9
	1.8
	54.9
	62.1
	
	

	
	Visit 2
	31
	57.2
	9.2
	1.7
	53.8
	60.5
	
	

	
	Visit 3
	29
	54.9
	13.4
	2.5
	49.8
	60.0
	
	

	
	Visit 4
	28
	56.3
	8.7
	1.6
	52.9
	59.7
	
	

	Factor1     (Sexual function)
	Visit 0
	31
	15.8
	2.5
	0.4
	14.9
	16.7
	0.45
	0.77

	
	Visit 1
	31
	15.9
	2.8
	0.5
	14.9
	17.0
	
	

	
	Visit 2
	31
	16.1
	3.0
	0.5
	15.0
	17.2
	
	

	
	Visit 3
	29
	16.1
	3.7
	0.7
	14.7
	17.5
	
	

	
	Visit 4
	28
	16.8
	2.0
	0.4
	16.0
	17.5
	
	

	Factor 1A (Erection)
	Visit 0
	31
	7.2
	1.3
	0.2
	6.7
	7.6
	1.20
	0.32

	
	Visit 1
	31
	7.7
	1.1
	0.2
	7.4
	8.1
	
	

	
	Visit 2
	31
	7.5
	1.5
	0.3
	7.0
	8.1
	
	

	
	Visit 3
	29
	7.7
	2.1
	0.4
	6.8
	8.5
	
	

	
	Visit 4
	28
	8.0
	1.2
	0.2
	7.5
	8.4
	
	

	Factor 1B (Desire)
	Visit 0
	31
	8.7
	1.6
	0.3
	8.1
	9.3
	0.42
	0.80

	
	Visit 1
	31
	8.2
	2.2
	0.4
	7.4
	9.0
	
	

	
	Visit 2
	31
	8.6
	1.9
	0.3
	7.9
	9.3
	
	

	
	Visit 3
	29
	8.5
	2.2
	0.4
	7.7
	9.3
	
	

	
	Visit 4
	28
	8.8
	1.6
	0.3
	8.2
	9.4
	
	

	Factor2          (Mood)
	Visit 0
	31
	9.4
	3.4
	0.6
	8.2
	10.7
	2.15
	0.08

	
	Visit 1
	31
	8.7
	3.4
	0.6
	7.4
	9.9
	
	

	
	Visit 2
	31
	8.0
	3.7
	0.7
	6.7
	9.4
	
	

	
	Visit 3
	29
	7.3
	3.5
	0.6
	6.0
	8.7
	
	

	
	Visit 4
	28
	7.3
	3.1
	0.6
	6.0
	8.5
	
	

	Factor 3 (memory)
	Visit 0
	31
	10.8
	3.7
	0.7
	9.5
	12.2
	1.58
	0.18

	
	Visit 1
	31
	9.7
	3.3
	0.6
	8.5
	10.9
	
	

	
	Visit 2
	31
	9.4
	3.3
	0.6
	8.2
	10.6
	
	

	
	Visit 3
	29
	8.9
	3.2
	0.6
	7.6
	10.1
	
	

	
	Visit 4
	28
	9.1
	3.3
	0.6
	7.8
	10.4
	
	

	Factors
	Visit
	N
	Mean
	Std. Deviation
	Std. Error
	Lower Bound
	Upper Bound
	F
	P value

	Factor 4        (sleep)
	Visit 0
	31
	6.5
	2.5
	0.4
	5.6
	7.4
	0.33
	0.86

	
	Visit 1
	31
	6.6
	2.4
	0.4
	5.8
	7.5
	
	

	
	Visit 2
	31
	6.2
	2.5
	0.4
	5.2
	7.1
	
	

	
	Visit 3
	29
	6.0
	2.7
	0.5
	5.0
	7.1
	
	

	
	Visit 4
	28
	6.1
	2.4
	0.4
	5.2
	7.1
	
	

	Factor 5 (Fatigue)
	Visit 0
	31
	6.1
	2.6
	0.5
	5.1
	7.0
	1.72
	0.15

	
	Visit 1
	31
	5.9
	2.2
	0.4
	5.1
	6.7
	
	

	
	Visit 2
	31
	5.7
	2.5
	0.4
	4.8
	6.6
	
	

	
	Visit 3
	29
	4.9
	2.4
	0.4
	4.0
	5.8
	
	

	
	Visit 4
	28
	4.9
	2.2
	0.4
	4.0
	5.7
	
	

	Physical symptoms score
	Visit 0
	31
	11.2
	1.9
	0.3
	10.5
	11.8
	0.90
	0.47

	
	Visit 1
	31
	11.6
	1.7
	0.3
	11.0
	12.3
	
	

	
	Visit 2
	31
	11.8
	1.8
	0.3
	11.1
	12.5
	
	

	
	Visit 3
	29
	11.7
	2.8
	0.5
	10.6
	12.7
	
	

	
	Visit 4
	28
	12.1
	1.8
	0.3
	11.4
	12.8
	
	

	One Way ANOVA
	
	
	
	
	
	
	
	

	P > 0.05, Not Sig.
	
	
	
	
	
	
	
	


[bookmark: _Toc94007796]6.3.5. Barnsley Diabetes Hypogonadal Questionnaire (BDHQ):

[bookmark: _Toc94007797]6.3.5.1 Introduction:

There are many tools to diagnose hypogonadism in general population. Some of the commonly used tools are AMS, ADAM, MMAS, NERI hypogonadal screener and Androtest(Heinemann et al., 1999; Tancredi et al., 2004; Smith, Feldman and McKinlay, 2000; Rosen et al., 2011; Corona et al., 2006a). However, there is no tool which assesses the hypogonadism in a cohort with associated diabetes. Our research unit has designed a Barnsley Diabetes Hypogonadal Questionnaire keeping this in mind and its currently being validated. BDHQ was developed using data collected in the Barnsley Type 2 Diabetes Cohort Longitudinal Study based on AMS, The International Index of Erectile Function Questionnaire, and The Short Form (36) Health Questionnaire. Statistical analysis identified the 19 most sensitive and specific questions for identifying men with hypogonadism in a T2D population. This tool was at baseline and after 6 months of TRT in our study. Total and subscales were calculated according to the appendix 6.

[bookmark: _Toc94007798]6.3.5.2 Results:

There was no significant difference in either the total score at its subscales at baseline and after 6 months of testosterone treatment (table 6.3.11 and 6.3.12). There was a non-significant reduction in the BDHQ total score (p=0.07) within the active arm before and after treatment of testosterone (phase 1 and 2 of the trial - at baseline (0), 3,6,9 and 12 months post treatment) indicating significant improvement in the hypogonadal and diabetes symptoms after the treatment (tables 6.3.13 and 6.3.14 and figure 6.5).  There was significant improvement in the mean scores of two sub domains – Sexual wellbeing and Emotional wellbeing (p=0.002 and p=0.011 respectively) as shown in tables 6.3.13 and 6.3.14 and figure 6.6 and 6.7.

Table 6.3.11: BDHQ total scores before and after treatment with testosterone 
	[bookmark: _Hlk57191463]
	Placebo Group
	Active Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	Barnsley 
Total Score
	55.13±14.597
	51.78±16.376
	51.31±15.755
	45.59±15.123
	
0.396
	2.375±2.777
	
-3.184
	
7.934


Table 6.3.12: BDHQ subscale scores before and after treatment with testosterone 
	BDHQ
	Placebo Group
	Active Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	General health
	2.25±1.06
	2.25±1.08
	2.16±1.05
	2.19±1.06
	0.872
	-0.03±0.19
	-0.417
	0.355

	Physical Wellbeing
	21.41±7.47
	20.56±8.38
	20.03±7.66
	18.47±8.17
	0.509
	0.72±1.36
	-1.999
	3.456

	Sexual Wellbeing
	12.69±2.69
	11.38±3.55
	11.84±2.81
	10.28±3.36
	0.714
	0.25±0.68
	-1.109
	1.609

	Emotional Wellbeing
	16.50±5.19
	15.38±5.67
	15.34±5.64
	12.84±4.63
	0.613
	1.38±1.13
	-0.883
	3.633













Table 6.3.13: Mean BDHQ (total and sub domains) scores at baseline (0), 3,6,9 and 12 months post TRT in active group (phase 1 and 2)
	
	
	
	
	
	
	
	
	
	

	
	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F
	P value

	
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	BDHQ Total Score
	
	1
	31
	51.4
	15.6
	2.8
	45.6
	57.1
	2.20
	0.07

	
	
	2
	31
	46.9
	15.6
	2.8
	41.2
	52.6
	
	

	
	
	3
	31
	45.7
	15.1
	2.7
	40.1
	51.2
	
	

	
	
	4
	29
	41.4
	18.1
	3.4
	34.6
	48.3
	
	

	
	
	5
	28
	40.6
	15.9
	3.0
	34.4
	46.7
	
	

	General health 
	
	1
	31
	2.16
	1.07
	0.19
	1.77
	2.55
	0.07
	0.99

	
	
	2
	31
	2.13
	1.09
	0.20
	1.73
	2.53
	
	

	
	
	3
	31
	2.19
	1.05
	0.19
	1.81
	2.58
	
	

	
	
	4
	28
	2.07
	1.15
	0.22
	1.63
	2.52
	
	

	
	
	5
	28
	2.07
	1.09
	0.21
	1.65
	2.49
	
	

	Physical wellbeing 
	
	1
	31
	19.8
	7.6
	1.4
	17.0
	22.6
	0.72





	0.58

	
	
	2
	31
	19.0
	8.1
	1.4
	16.0
	22.0
	
	

	
	
	3
	31
	18.5
	8.2
	1.5
	15.5
	21.5

	
	

	
	
	4
	29
	17.0
	8.9
	1.7
	13.6
	20.4

	
	

	
	
	5
	28
	16.8
	8.9
	1.7
	13.4
	20.3
	
	

	Sexual wellbeing
	
	1
	31
	11.8
	2.7
	0.5
	10.9
	12.8
	4.62
	0.002

	
	
	2
	31
	10.5
	3.1
	0.6
	9.4
	11.7
	
	

	
	
	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	
	

	
	
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	
	
	3
	31
	10.5
	3.5
	0.6
	9.2
	11.7
	
	

	
	
	4
	29
	8.9
	4.2
	0.8
	7.3
	10.5
	
	

	
	
	5
	28
	8.5
	3.5
	0.7
	7.1
	9.8
	
	

	Emotional Wellbeing 
	
	1
	31
	15.6
	5.5
	1.0
	13.6
	17.6
	3.41
	0.011

	
	
	2
	31
	13.5
	4.8
	0.9
	11.8
	15.3
	
	

	
	
	3
	31
	12.8
	4.6
	0.8
	11.1
	14.5
	
	

	
	
	4
	29
	11.7
	5.5
	1.0
	9.6
	13.8
	
	

	
	
	5
	28
	11.4
	4.2
	0.8
	9.8
	13.0
	
	













Table 6.3.14: Multiple comparisons within the mean values of BDHQ (Total and Sub domains) scores at baseline (0), 3,6,9 and 12 months post TRT in active group
	Comparison of mean scores between intervals; Post-hoc Tukey's test

	Difference between intervals
	BDHQ Total Score
	General health 
	Physical wellbeing 
	Sexual wellbeing
	Emotional Wellbeing 

	
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value
	Mean Diff.
	P value

	V1 - V0
	-4.4
	0.82
	-0.03
	1.00
	-0.8
	1.00
	-1.3
	0.55
	-2.0
	0.49

	V2 - V0
	-5.7
	0.64
	0.03
	1.00
	-1.3
	0.97
	-1.4
	0.50
	-2.8
	0.18

	V3 - V0
	-9.9
	0.13
	-0.09
	1.00
	-2.4
	0.68
	-2.9
	0.011*, S
	-3.9
	0.03*, S

	V4 - V0
	-10.8
	0.08
	-0.09
	1.00
	-3.0
	0.65
	-3.4
	0.002*, S
	-4.2
	0.01*, S

	V2 - V1
	-1.3
	1.00
	0.06
	1.00
	-0.5
	1.00
	-0.1
	1.00
	-0.8
	0.97

	V3 - V1
	-5.5
	0.68
	-0.06
	1.00
	-2.0
	0.88
	-1.6
	0.38
	-1.8
	0.62

	V4 - V1
	-6.4
	0.55
	-0.06
	1.00
	-2.2
	0.85
	-2.1
	0.15
	-2.2
	0.46

	V3 - V2
	-4.2
	0.85
	-0.12
	0.99
	-1.5
	0.96
	-1.5
	0.43
	-1.1
	0.93

	V4 - V2
	-5.1
	0.74
	-0.12
	0.99
	-1.6
	0.94
	-2.0
	0.18
	-1.4
	0.82

	V4 - V3
	-0.9
	1.00
	0.00
	1.00
	-0.2
	1.00
	-0.5
	0.99
	-0.3
	1.00

	Post-hoc Tukey's test
	
	
	
	
	
	
	
	

	* P < 0.05, Sig.
	
	
	
	
	
	
	
	
	


Figure 6.5: Mean BDHQ total score at baseline (0), 3,6,9 and 12 months post TRT in active group



Figure 6.6: Mean BDHQ – Sexual wellbeing score at baseline (0), 3,6,9 and 12 months post TRT in active group

Figure 6.7: Mean BDHQ – Emotional wellbeing score at baseline (0), 3,6,9 and 12 months post TRT in active group


[bookmark: _Toc94007799]6.3.6 Discussion:

Hypogonadism is a very common co-existing disease with type 2 diabetes with prevalence as high as up to 25% (Kapoor et al., 2007a). Hypogonadism has a significant ill effect on health-related Quality of life(Hwang et al., 2007; Chen and Ng, 2010; Wang et al., 2008; Wang et al., 2011; Traish et al., 2009a).Testosterone deficiency impacts (a) sexual life by decreasing libido, ability to hold erection and decreasing the number of early morning erections(Brooke et al., 2014; Jones et al., 2011a; Basar et al., 2005; Corona et al., 2017b). (b) physical well being by loss of physical strength, loss of lean mass and increased fat mass(Herbst and Bhasin, 2004; Miller, 2009) (c) emotional wellbeing by affecting mood, sleep and vigor (Araujo et al., 2007)(d) cognition(Janowsky, Oviatt and Orwoll, 1994) (e) general wellbeing by increasing the risk for cardiovascular risk and hence morbidity and mortality(Muraleedharan, Marsh and Jones) and affecting immune system. Hence, it is prudent to say testosterone deficiency affect many facets of health rendering poor overall quality of life. Often, men fail to seek medical attention as they may not attribute the symptoms to hypogonadism and there is an associated social stigma. Furthermore, associated diabetes, obesity and other comorbidity often contributes to poor health related quality of life.

In section 6.3 of our chapter we have explored the effects of testosterone treatment on both disease specific quality of life and overall general quality of life using both validated and yet to be validated tools. Our study found no significant difference in sexual wellbeing as measured by IIEF-5 total score, BDHQ sexual subscale or NERI hypogonadal screener total score between the active and placebo treated groups at 6 months post treatment. This may be because of multiple reasons. Number of sexually active men were only 43 amongst our cohort of 65 which is small number. Further these men have multiple aetiology for their erectile dysfunction as enumerated in section 6.2.3 as all of them have associated diabetes. Also 6 months may be too early to see changes in ED and many may take longer time to show improvement. However, when we analysed the active arm using one-way ANNOVA and looked at the difference before and after treatment there was a significant improvement in sexual function at one-year point after treatment in the sexual subscale of BDHQ questionnaire with a highly significant p value <0.002. As mentioned above, 6 months may be to early to see the clinical improvement but at one year we certainly start seeing significant improvement as observed in BDHQ sexual subscale and AMS sexual subscale scores as well. There was no significant change in IIEF-5 total scores or individual scores and this may be because of the decreased numbers for analysis as only 43 out of 65 participants were sexually active 4 weeks prior to filling the questionnaire.

We also looked at the effect of TRT on general QoL and its physical and emotional aspect as measured by SF-36 questionnaire, BDHQ and NERI hypogonadal screener and its subcomponents and we again found so significant difference in the total or the subscales at 6 months. However, there was a significant improvement in physical health and health change over 1-year scores (p =0.019 for both) in SF-36 questionnaire in the active group before and after treatment at 12 months. We also noticed a significant improvement in emotional wellbeing score of BDHQ questionnaire (p=0.011) at 12 months in the active arm. This highlights that the treatment effects may continue to unfold beyond 6 months of treatment and hence its important to alert our patients to be hopeful beyond 6 months to see the beneficial effects of testosterone on their sexual, physical and emotional wellbeing. Our cohort has type 2 diabetes which we know can significantly contribute independently to above aspects of health in a negative way. Further, the associated cardiovascular comorbidity like ischemic heart disease, hypertension and peripheral vascular disease also has a negative impact. These hence may mask some of the beneficial effects of TRT in real world.

In our study, Cognition was assed using MMSE and there was no significant difference in the overall MMSE score or its subcomponents at 6 months between active and placebo group. This may be because there was no significant cognitive deficiency at baseline and hence the lack of significant improvement. However, there was a significant improvement in the delayed verbal recall subcomponent of the MMSE questionnaire in the active arm before and 12 months after the treatment with a p value of 0.0004

[bookmark: _Toc94007800]6.3.7 Conclusion:

There were no significant improvements in the scores at baseline and after 6 months of testosterone treatment between active and placebo groups for other questionnaires like IIEF-5, SF-36, MMSE, NERI hypogonadal screener and Barnsley diabetes hypogonadal questionnaires. However, significant improvement was noted in the active arm of the trial before and 12 months after testosterone treatment for physical health and health change over 1-year scores of SF-36 questionnaire, Sexual and emotional wellbeing sub-scores of BDHQ questionnaire and delayed verbal recall score of MMSE questionnaire. There was no improvement in NERI total scores or its factors and no improvement in IIEF-5 total or individual scores in the active arm at 12 months post treatment.
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CHAPTER 7: EFFECT OF TESTOSTERONE ON AMBULATORY BLOOD PRESSURE AND HEART RATE IN HYPOGONADAL MEN WITH UNCONTROLLED TYPE 2 DIABETES

[bookmark: _Toc78567150][bookmark: _Toc78573336][bookmark: _Toc94007802]7.1 Introduction
[bookmark: _Toc78567151][bookmark: _Toc78573337]
[bookmark: _Toc78567152][bookmark: _Toc78573338]Hypertension is a strong contributor for cardiovascular disease and mortality. The mortality rate of coronary heart disease is two to three times higher in patients with hypertension.(Stamler, Stamler and Neaton, 1993) There are important pathophysiological links between the two. Some of the causes may be endothelial dysfunction, increased resistance at microvascular levels and remodelling of coronary arteries that happens in hypertension all contributing to decreased coronary reserve(Strauer, 1992). Also, hypertension is often associated with other metabolic disorders like insulin resistance, lipid disorders and type 2 diabetes which are independent additional risk factors for coronary heart disease(DeFronzo and Ferrannini, 1991).

[bookmark: _Toc78567153][bookmark: _Toc78573339]Testosterone has been historically believed to increase blood pressure and hence bad for heart despite no convincing evidence to prove this. This was an extrapolated belief as women have fewer cardiovascular events compared to men before menopausal age. Two trials published in 2013 and 2014 generated more controversy and debate around the cardiovascular safety and testosterone treatment(Vigen et al., 2013; Finkle et al., 2014). These trials were heavily flawed for many reasons(Hwang and Miner, 2015) but made the clinicians nervous to use testosterone in patients who have pre-existing CV disease  although there is a wealth of data supporting its safe use in this cohort(Corona et al., 2014a). Hence it’s important for us to evaluate the effect of testosterone therapy on hypertension in detail.

[bookmark: _Toc78567154][bookmark: _Toc78573340]Case controlled studies have found that testosterone has inverse relationship with blood pressure in men with hypertension. Men with essential hypertension have reduced androgen levels compared to normotensive subjects(Fogari et al., 2002; Hughes, Mathur and Margolius, 1989; Khaw and Barrett-Connor, 1988; Phillips et al., 1993). Fogari et al showed a significant negative correlation between testosterone levels and systolic blood pressure in normotensive, isolated systolic hypertensive and hypertensive men and negative correlation of diastolic blood pressure in normotensive men(Fogari et al., 2005). This may be due to increased peripheral arterial stiffness in men with low testosterone levels. In one study, testosterone therapy decreased diastolic blood pressure by 5 mm of Hg(Mårin et al., 1992) whereas most other studies have not shown any significant changes(Boyanov, Boneva and Christov, 2003; Kapoor et al., 2006; Gopal et al., 2010; Jones et al., 2011a).

[bookmark: _Toc78567155][bookmark: _Toc78573341]However, in the majority of studies, blood pressure was measured during the study visits using mercury sphygmomanometer. This gives a snap shot of the patient’s blood pressure during the visit which may well be affected by white coat hypertension. Further, it doesn’t evaluate blood pressure in one’s own environment unlike ambulatory blood pressure which measures blood pressure at multiple point of the day in various settings. Only one RCT  has looked into effects of testosterone treatment on ambulatory blood pressure however this was in males with Klinefelter’s syndrome(Høst et al., 2019). There was no difference between the placebo and testosterone treated patients in any of the 24-hour ambulatory BP measures.
Our study is the first RCT looking at the effect of testosterone on ambulatory blood pressure in patients with type 2 diabetes and hypogonadism.

Aims, methods, inclusion and exclusion criteria and statistical analytical methods are discussed in detail in chapter 3	

[bookmark: _Toc94007803]7.2 Results:
[bookmark: _Toc94007804]7.2.1: Baseline Characteristics of the study population:

[bookmark: _Toc94007805]7.2.1.1: Patient Demographics at baseline:

Mean age of the population was 59 years with the range being 42 to 77 yrs. 46 out of 65 in the cohort had cardiovascular disease with 55.4% of them having hypertension. 13.8% of the population had past medical history of myocardial infarction and 6.2% had angina.  Following table 7.1 narrates their cardiovascular status of the study cohort at baseline.

Of significant note is that, participants in the active group had significantly higher cardiovascular co-morbidities with 84.4% having cardiovascular disease as compared to placebo group which only had 57.6% of its population with CV disease (p=0.05). 71.9% had hypertension at baseline in active group Vs placebo group only had 39.4% with hypertension (p=0.008). This mean testosterone treated group had significant higher cardiovascular comorbidity as baseline.


	
	Active Group

	Placebo Group

	Total

	p value


	
Age (years)
	59.03±7.58 (42 - 74)

	58.94±10.35 (43 - 77)

	58.94±8.98 (42 - 77)

	0.763


	
Duration of DM (months)
	102.39±73.96 (0 - 252)

	103.34±62.34 (3 - 204)

	102.86±67.96 (0 - 252)

	0.853


	
Number on Insulin
	9(28.1)

	8(24.2)

	17(26.2)

	0.722


	
Duration on Insulin (months)
	64.08±76.21 (0 - 216)

	36.18±52.17 (0 - 156)

	51.29±66.45 (0 - 216)

	0.316


	
CV disease
	27(84.4)
	19(57.6)
	46(70.8)
	0.051

	
MI
	5(15.2)
	4(12.5)
	9(13.8)
	0.96

	
Angina
	4(12.1)
	0(0.0)
	4(6.2)
	0.036

	
CCF
	0(0.0)
	0(0.0)
	0(0.0)
	

	
PVD
	1(3.0)
	0(0.0)
	1(1.5)
	0.306

	
HTN
	23(71.9)
	13(39.4)
	36(55.4)
	0.008

	
CVA
	0(0.00)
	1(3.1)
	1(1.5)
	0.329

	
TIA
	1(3.0)
	0(0.0)
	1(1.5)
	0.306


Table 7.1: Comorbidities of the participants at baseline: (Data are presented as mean ± SD (range) or n (%) unless otherwise indicated)

[bookmark: _Toc94007806]7.2.1.2: Pharmacological profile of patients at baseline:

51 were on one or the other form of antihypertensives. 47 of them were on ACE-inhibitors or angiotensin receptor antagonists. Following table 7.2 shows the pharmacological profile of patients for hypertension at their baseline. Table 7.3 shows the baseline smoking status of the participants
Table 7.2:  Pharmacological profile of patients at baseline
	Antihypertensive medications
	51

	ACE-inhibitors/Angiotensin 
receptor antagonists
	47

	Calcium channel blockers
	14

	Alfa blockers
	4

	Beta blockers
	20

	Diuretics 
	4



Table 7.3: Smoking status of the patients at baseline
	Smoking status
	

	Active smokers
	7

	Non-smokers
	30

	Ex-smokers
	28




[bookmark: _Toc94007807]7.2.1.3: Baseline Ambulatory Blood Pressure characteristics:

Mean 24-hour average Systolic Blood pressure (SBP) at baseline was 130.65 mm of Hg at baseline and mean 24-hour average diastolic blood pressure (DBP) was 79.03 mm of Hg at baseline (figure 7.1 and figure 7.2 respectively). Figures 7.3 and 7.4 shows frequency distribution of mean average day time ambulatory systolic and diastolic blood pressure respectively and figures 7.5 and 7.6 similar frequency distribution for mean average night time ambulatory systolic and diastolic blood pressure.

[bookmark: _Hlk64533674]Baseline characteristics were comparable between active and placebo groups as illustrated in table 7.4. Chi-square test was applied which showed a non-significant p-value for all the variables hence confirming that ambulatory blood pressure values and heart rate was similar in both active and placebo groups.




Figure 7.1: Frequency Distribution of mean Total average ambulatory SBP at baseline
[image: ]

Figure 7.2: Frequency Distribution of mean Total average ambulatory DBP at baseline
[image: ]
Figure 7.3: Frequency Distribution of mean Total average Daytime ambulatory SBP at baseline
[image: ]
Figure 7.4: Frequency Distribution of mean Total average Daytime ambulatory DBP at baseline
[image: ]

Figure 7.5: Frequency Distribution of mean Total average night time ambulatory SBP at baseline
[image: ]
Figure 7.6: Frequency Distribution of mean Total average Night time ambulatory DBP at baseline
[image: ]


Table 7.4: Baseline characteristics of ambulatory blood pressure measurements in active and placebo groups
	 
	Active group
(mean±SD)

	Placebo Group
(mean±SD)

	Total
(mean±SD)

	
p value


	Total Average SBP
	129.25±12.23
	132.10±11.92
	130.65±12.07
	
0.353

	Total Average DBP
	79.84±7.50
	78.19±6.16
	79.03±6.87
	
0.343

	Total Average heart rate
	79.00±11.21
	78.35±11.96
	76.68±11.50
	
0.826

	Total Average pulse pressure
	50.32±9.86
	54.32±10.53
	52.28±10.31
	
0.125

	Day time Average SBP 
	131.50±13.07
	134.52±12.93
	132.98±12.99
	
0.361

	Day time Average DBP
	81.91±7.93
	80.03±6.45
	80.98±7.33
	
0.313

	Day time Average 
heart rate
	80.59±11.53
	80.35±13.10
	80.48±12.23
	
0.939

	Day time Average 
pulse pressure
	50.83±10.34
	55.14±11.14
	52.95±10.85
	
0.117

	%> 140 SBP (Day time)
	30.42±27.79
	33.35±26.92
	31.86±27.18
	
0.673

	%>90 DBP (Day time)
	25.28±24.02
	18.21±18.55
	21.80±21.63
	
0.195

	Night time Average SBP
	122.91±13.21
	125.06±11.09
	123.97±12.16
	
0.485

	Night time Average DBP
	74.28±7.97
	72.74±6.75
	73.52±7.37
	
0.411

	Night time Average
 heart rate
	73.47±12.11
	72.68±10.46
	73.08±11.25
	
0.783

	Night time Average pulse pressure
	46.06±9.90
	52.01±9.98
	50.51±9.97
	
0.243

	%> 125 SBP (Night time)
	40.51±32.33
	46.77±33.17
	43.59±32.63
	
0.451

	%>80 DBP (Night time)
	29.63±26.66
	29.02±22.74
	29.33±24.61
	
0.923




[bookmark: _Toc94007808]7.2.2: Correlations and Linear Regression analysis at baseline:

We looked at baseline correlations between testosterone levels and ambulatory blood pressure measurements. There was no significant correlation between systolic blood pressure (total average, day time average and night time average) and testosterone levels (total testosterone, calculated free testosterone or calculated bioavailable testosterone) as indicated by the 2-tailed significance values in Table 7.5, 7.7 and table 7.9.

[bookmark: _Hlk64538760]However, total average diastolic blood pressure positively correlated with calculated cFT (Pearson correlation co-efficient 0.253/p-value 0.046) but showed no correlation with total testosterone or bioavailable testosterone as shown in Table 7.6 and fig 7.7. However, in a logistic regression model, after correcting for covariates like age, BMI, smoking and SHBG, the significance was lost (p=0.54) (Table 7.11).

Similarly, Daytime average diastolic blood pressure positively correlated with calculated free testosterone (Pearson correlation co-efficient 0.275/p-value 0.029) and negatively correlated with calculated bioavailable testosterone (Pearson correlation co-efficient -0.250/p-value 0.048) and did not correlate with total testosterone at baseline as shown in table 7.8 and fig 7.8 and 7.9 respectively. Once again, this significance was lost after correcting for covariates like age, BMI, Smoking and SHBG (p=0.68 for cFT, p=0.21 for cBT) (Tables 7.12 and 7.13).
Night time diastolic blood pressure did not correlate with total testosterone or calculated free testosterone or bioavailable testosterone but however showed significant negative correlation with SHBG (Pearson correlation co-efficient -0.280/p-value 0.026) (table 7.10)
[bookmark: _Hlk64537498]
Table 7.5: Correlations between total average systolic blood pressure Vs testosterone levels at baseline. 
	 
	Age
	TT
	SHBG
	cFT
	cBT

	Total average SBP
	Pearson Correlation
	-.025
	-.085
	-.078
	.009
	-.015

	
	Sig. (2-tailed)
	.844
	.506
	.546
	.942
	.908

	
	N
	63
	63
	63
	63
	63




Table 7.6: Correlations between total average diastolic blood pressure Vs testosterone levels at baseline. 
	 
	Age
	TT
	SHBG
	cFT
	cBT

	Total average
DBP
	Pearson Correlation
	-.305*
	.021
	-.238
	.253*
	.202

	
	Sig. (2-tailed)
	.015
	.872
	.060
	.046
	.112

	
	N
	63
	63
	63
	63
	63





Fig 7.7: Total average Diastolic BP Vs cFT before adjusting for covariates

Table 7.7: Correlations between total average day time systolic blood pressure Vs testosterone levels at baseline. 
	 
	Age
	TT
	SHBG
	cFT
	cBT

	Daytime
average SBP 
	Pearson Correlation
	-.059
	-.024
	-.068
	.054
	.056

	
	Sig. (2-tailed)
	.648
	.855
	.599
	.673
	.662

	
	N
	63
	63
	63
	63
	63



Table 7.8: Correlations between total average daytime diastolic blood pressure Vs testosterone levels at baseline. 
	 
	Age
	TT
	SHBG
	cFT
	cBT

	Daytime average DBP 
	Pearson Correlation
	-.307*
	.049
	-.207
	.275*
	.250*

	
	Sig. (2-tailed)
	.014
	.703
	.103
	.029
	.048

	
	N
	63
	63
	63
	63
	63


[bookmark: _Hlk64887462]Fig 7.8: Total average Daytime Diastolic BP Vs cFT before adjusting for covariates



Fig 7.9: Total average Daytime Diastolic BP Vs cBT before adjusting for covariates





Table 7.9: Correlations between total average night time systolic blood pressure Vs testosterone levels at baseline. 
	 
	Age
	TT
	SHBG
	cFT
	cBT

	Night time
average 
SBP
	Pearson Correlation
	.141
	-.218
	-.040
	-.141
	-.208

	
	Sig. (2-tailed)
	.271
	.086
	.753
	.272
	.102

	
	N
	63
	63
	63
	63
	63




Table 7.10: Correlations between total average night time diastolic blood pressure Vs testosterone levels at baseline. 

	 
	Age
	TT
	SHBG
	cFT
	cBT

	Night time average
DBP 
	Pearson Correlation
	-.143
	-.029
	-.280*
	.169
	.042

	
	Sig. (2-tailed)
	.265
	.823
	.026
	.186
	.743

	
	N
	63
	63
	63
	63
	63






Table 7.11: Linear regression analysis of total average DBP Vs FT after adjusting for co-variates
	R=0.370
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Total average DBP
	B
	Std. Error
	Beta
	
	

	(Constant)
	82.75
	10.54
	 
	7.85
	0.00

	Age
	-0.14
	0.11
	-0.18
	-1.27
	0.21

	BMI
	0.08
	0.15
	0.07
	0.54
	0.59

	Smoking
	-1.14
	1.12
	-0.14
	-1.02
	0.31

	SHBG
	0.70
	1.93
	0.07
	0.36
	0.72

	cFT
	13.45
	22.01
	0.12
	0.61
	0.54



Table 7.12: Linear regression analysis of total average day time DBP Vs cFT after adjusting for co-variates

	R=0.399
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Total avg daytime DBP 
	B
	Std. Error
	Beta
	
	

	(Constant)
	83.48
	11.10
	 
	7.52
	0.00

	age
	-0.13
	0.12
	-0.16
	-1.14
	0.26

	BMI
	0.08
	0.16
	0.07
	0.51
	0.61

	Smoking
	-1.55
	1.18
	-0.18
	-1.31
	0.19

	SHBG
	1.55
	2.04
	0.15
	0.76
	0.45

	cFT
	9.76
	23.19
	0.08
	0.42
	0.68




Table 7.13: Linear regression analysis of daytime average DBP Vs cBT after adjusting for co-variates

	R=0.424
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Total avg daytime DBP 
	B
	Std. Error
	Beta
	
	

	(Constant)
	81.31
	11.12
	 
	7.31
	0.00

	age
	-0.10
	0.12
	-0.12
	-0.85
	0.40

	BMI
	0.11
	0.16
	0.09
	0.66
	0.51

	Smoking
	-1.44
	1.17
	-0.16
	-1.24
	0.22

	SHBG
	2.54
	1.36
	0.25
	1.87
	0.07

	cBT
	-0.06
	0.05
	-0.16
	-1.27
	0.21



[bookmark: _Toc94007809][bookmark: _Hlk64542406]7.2.3: Effect of testosterone therapy on ambulatory blood pressure at 6 months:

[bookmark: _Hlk64547244]There was no significant difference in average 24-hr SBP or DBP after 6 months of treatment between active and placebo group (SBP p=0.407, DBP p=0.649) (Table 7.13) (Fig. 7.9 and 7.10 respectively). Similarly, there was no significant difference in daytime or night time SBP/DBP values either as shown in table 7.13 and Fig 7.11 and 7.12 respectively.  Table 7.13 shows that there is no significant difference in any of the ambulatory blood pressure values (figures 7.13 and 7.14) apart from night time average heart rate (HR) which shows significant reduction of around 4 beats per minute in the active group compared to placebo group (mean difference -4.118±2.013, p=0.046) (Fig 7.15). Nocturnal heart rate decreased from baseline in the active group whereas went up from baseline in active group. 

We also did a subgroup analysis in patients who were normotensive at baseline (defined as average total ambulatory blood pressure less than   140/90 mm of Hg) and were hypertensive at baseline. (defined as total average ambulatory blood pressure of equal to or more than 140/90 mm of Hg) Similar findings were observed. There was no difference in   total average 24-hour SBP or DBP values however there was a significant drop in night time average heart rate of around 5 beats per minute between the groups (mean difference -5.312±1.897, p=0.007) (table 7.14)

There was no significant difference in either the blood pressure values or the heart rate in the hypertensive group. (defined as total average ambulatory blood pressure of equal to or more than 140/90 mm of Hg) (table 7.15).







Fig 7.9: Effect of testosterone on total average 24-hr SBP after 6 months of treatment



Fig 7.10: Effect of testosterone on total average 24-hr DBP after 6 months of treatment



Fig 7.11: Effect of testosterone on total average daytime SBP after 6 months of treatment



Fig 7.12: Effect of testosterone on total average daytime DBP after 6 months of treatment



Fig 7.13: Effect of testosterone on total average night time SBP after 6 months of treatment


Fig 7.14: Effect of testosterone on total average night time DBP after 6 months of treatment


Fig 7.15: Effect of testosterone on total average night time HR after 6 months of treatment


	
	Active Group
	
	Placebo Group
	
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	Total average SBP
	128.48±11.23
	132.07±11.69
	[bookmark: _Hlk64542284]131.39±11.40
	132.86±11.34
	0.407
	2.128±2.520
	-2.927
	7.183

	Total average SBP
	128.48±11.23
	132.07±11.69
	131.39±11.40
	132.86±11.34
	0.407
	2.128±2.520
	-2.927
	7.183

	Total Average DBP
	79.59±7.83
	80.78±6.89
	77.43±5.63
	77.89±6.53
	0.649
	0.721±1.574
	-2.443
	3.884

	Total Average HR
	79.48±10.96
	78.41±12.54
	77.18±11.94
	79.04±11.21
	0.260
	-2.931±2.570
	-8.098
	2.236

	Total pulse pressure
	49.95±8.25
	51.30±7.24
	54.43±10.60
	55.69±10.10
	0.961
	0.095±1.940
	-3.7978
	3.9875

	Day time average SBP 
	130.74±12.13
	133.93±12.36
	133.89±12.61
	134.11±11.22
	0.291
	2.971±2.779
	-2.621
	8.563

	Day time average DBP 
	81.63±8.39
	82.26±7.29
	79.29±6.21
	78.96±6.68
	0.566
	0.951±1.647
	-2.356
	4.258

	Daytime average HR 
	81.07±11.34
	80.26±13.65
	78.89±12.87
	78.68±10.07
	0.800
	-0.601±2.362
	-5.338
	4.137

	Daytime pulse pressure
	50.48±8.99
	51.71±7.85
	55.28±11.32
	55.13±9.07
	0.482
	1.394±1.966
	-2.5560
	5.3444

	%> 140 SBP (daytime)
	29.59±26.68
	38.18±25.40
	32.32±26.79
	36.15±27.06
	0.467
	4.596±6.261
	-8.000
	17.192

	%>90 DBP (daytime)
	24.27±24.88
	28.08±21.40
	16.39±16.45
	16.01±14.48
	0.837
	1.100±5.324
	-9.6242
	11.8242

	Night time average SBP
	121.96±12.27
	126.19±12.80
	124.25±10.27
	130.11±13.73
	0.595
	-1.635±3.056
	-7.789
	4.519

	Night time average DBP
	73.96±7.87
	76.19±7.91
	71.86±6.21
	74.39±8.17
	0.879
	-0.313±2.045
	-4.417
	3.790

	Night time average HR 
	73.81±12.50
	72.52±11.52
	72.11±10.72
	74.93±9.14
	0.046
	-4.118±2.013
	-8.156
	-.079

	Night time average pulse pressure
	48.47±8.21
	50.01±8.25
	52.03±9.84
	55.86±11.29
	0.243
	-2.299±1.939
	-6.219
	1.621

	%> 125 SBP (Night time)
	38.46±32.51
	51.21±36.65
	44.24±31.98
	59.24±36.62
	0.883
	-1.500±10.155
	-21.9464
	18.9464

	%>80 DBP (Night time)
	27.29±25.07
	41.34±28.12
	25.36±20.48
	26.18±23.23
	0.081
	12.736±7.135
	-1.6144
	27.0864



Table 7.13: Effect of testosterone therapy on ambulatory blood pressure at 6 months:






	 



	Active Group


	
	Placebo Group

	
	p value

	Mean Difference

	95% Confidence
Interval of the Difference


	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	Total average SBP
	125.35±8.73
	130.22±11.37
	126.82±6.84
	129.82±9.96
	0.504
	1.870±2.803
	-3.754
	7.493

	Total Average DBP
	77.39±6.05
	79.52±6.69
	76.41±5.57
	77.55v6.62
	0.548
	0.994±1.654
	-2.324
	4.312

	Total Average HR
	80.48±11.07
	78.91±13.26
	73.50±8.13
	76.82±10.99
	0.084
	4.883±2.745#
	-10.459
	0.693

	Total pulse pressure
	49.21±8.40
	50.71±7.25
	50.45±6.90
	53.16v9.72
	0.584
	1.209±2.197#
	-5.628
	3.210

	Day time average SBP 
	127.43±9.69
	131.57±11.52
	128.86v7.70
	131.00±9.96
	0.514
	1.994±3.060
	-4.144
	8.132

	Day time average DBP 
	79.35±6.51
	80.65±6.65
	78.05±5.94
	78.45±6.77
	0.609
	0.895±1.747
	-2.610
	4.401

	Daytime average HR 
	82.00±11.48
	80.74±14.27
	75.05±9.30
	76.09±8.95
	0.338
	2.306±2.397#
	-7.115
	2.502

	Daytime pulse pressure
	49.66±9.32
	50.93±7.75
	50.81±7.07
	52.61±8.48
	0.803
	0.526±2.116#
	-4.771
	3.719

	%> 140 SBP (daytime)
	20.62±16.39
	33.22±24.45
	21.12±15.36
	26.28±21.46
	0.362
	6.346±6.910
	-7.590
	20.281

	%>90 DBP (daytime)
	16.59±16.55
	22.24±17.59
	12.24±13.89
	14.64±13.52
	0.913
	0.608±5.642#
	-11.797
	10.581

	Night time average SBP
	120.04±10.66
	125.26±13.33
	121.09±7.47
	127.50±12.25
	0.729
	1.192±3.449#
	-8.111
	5.727

	Night time average DBP
	72.52±7.36
	75.57±8.40
	71.55±6.60
	74.77±8.54
	0.937
	0.184±2.325#
	-4.861
	4.493

	Night time average HR 
	74.74±13.04
	72.61±12.35
	68.91±6.95
	72.09±6.98
	0.007
	-5.312±1.897#
	-9.120
	-1.504

	Night time average pulse pressure
	48.06±7.78
	49.70±8.60
	49.50±7.99
	52.83±9.86
	0.433
	1.693±2.166#
	-6.052
	2.666

	%> 125 SBP (Night time)
	35.49±28.76
	46.65±37.38
	36.64±27.70
	54.57±36.76
	0.576
	6.765±12.123#
	-31.045
	17.514

	%>80 DBP (Night time)
	24.03±23.38
	39.67±29.97
	24.61±21.17
	25.15±24.23
	0.083
	14.679±8.295
	-2.010
	31.369


Table 7.14: Effect of testosterone therapy on ambulatory blood pressure at 6 months in a subgroup where average baseline ambulatory blood pressure was less than 140/90 mm of Hg (normotensive group).


Figure 7.16: Effect of testosterone therapy on average night time heart rate at 6 months in subgroup where average baseline ambulatory blood pressure was less than 140/80 mm of Hg (normotensive group)

*

	 
	Active Group
	 
	Placebo Group
	 
	p value
	Mean Difference
	95% Confidence 
Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	 
	 
	Lower
	Upper

	Total average SBP
	146.50±5.196
	142.75±7.632
	148.17±8.658
	144.00±9.402
	0.917
	0.417±4.168
	-8.593
	9.426

	Total Average DBP
	92.25±3.403
	88.00±1.155
	81.170±4.446
	79.17±6.646
	0.517
	2.250±3.810#
	-9.963
	5.463

	Tot avg HR
	73.75±9.535
	75.50±7.765
	90.67±14.665
	87.17±8.377
	0.406
	5.250±7.131
	-9.129
	19.629

	Tot pulse press
	54.200±6.595
	54.725±7.139
	69.050±8.985
	65.00±4.675
	0.133
	4.575±3.129
	-1.756
	10.906

	total average SBP DAY
	149.75±4.573
	147.5±7.937
	152.33±9.480
	145.50±8.044
	0.403
	4.583±5.142
	-7.702
	16.869

	Total avg DBP DAY
	94.75±5439
	91.50±1.732
	83.83±5.345
	80.83±6.555
	0.951
	0.250v4.335#
	-9.377
	8.877

	Tot avg HR DAY
	75.75±10.243
	77.50±8.472
	93.00±15.100
	88.17±8.540
	0.338
	6.583±7.540
	-8.577
	21.744

	Tot pulse press DAY
	55.200±5.294
	56.23±7.802
	71.667±8.478
	64.33±3.565
	0.033
	8.358±3.462
	0.895
	15.822

	%> 140 SBP DAY
	81.175±5.824
	64.250±9.878
	73.383±17.563
	67.400±17.749
	0.251
	10.940±9.299#
	-31.447
	9.564

	%>90 DBP DAY
	68.425±17.399
	58.75±10.308
	31.617±17.235
	20.33±17.866
	0.890
	1.608±12.316
	-24.497
	27.714

	total average SBP NITE
	133.00±16.793
	131.50±8.544
	135.83±11.39
	139.67±15.782
	0.403
	5.333±6.349#
	-19.332
	8.665

	
	Active Group
	
	Placebo Group
	
	p value
	Mean Difference
	95% Confidence 
Interval of the Difference

	Total avg DBP NITE
	82.25±5679
	79.75±2.062
	73.00±4.858
	73.00±7.127
	0.475
	2.500±3.757#
	-10.203
	5.203

	Tot avg HR NITE
	68.50±7.853
	72.00±5.715
	83.83±14.428
	85.33±9.026
	0.758
	2.00±7.591
	-13.402
	17.402

	Tot pulse press NITE
	50.825±11.483
	51.775±6.578
	61.300±11.106
	66.983±9.542
	0.278
	4.733±4.488#
	-14.105
	4.638

	%> 125 SBP NITE
	55.53±51.355
	75.15±22.791
	72.100±33.367
	74.02±35.035
	0.343
	17.708±15.60
	-25.848
	61.265

	%>80 DBP NITE
	46.025±29.896
	50.10±14.667
	28.150±19.234
	29.43±21.478
	0.847
	2.792±14.487
	-29.821
	35.405



Table 7.15: Effect of testosterone therapy on ambulatory blood pressure at 6 months in a subgroup where average baseline ambulatory blood pressure was equal to or more than 140/90 mm of Hg. (hypertensive group)


[bookmark: _Toc94007810]7.2.4: 12-month data in the active arm – 24-hour ambulatory blood pressure:


Mean 24-hour ambulatory blood pressure components were compared at 0, 3, 6, 9 and 12 months for participants in the active group before and after treatment with testosterone undecanoate. One-way ANOVA analysis was applied for the various time points as above. There was no significant change in the total, day or night time systolic or diastolic blood pressure levels before and after the treatment as depicted by p values in Table 7.16. Table 7.17 shows the multiple comparisons of the mean values within the groups and no significance was noted. There was no significant difference in the heart rate either (Table 7.16 and table 7.17).





















Table 7.16: Mean values 24-hour ambulatory blood pressure components at baseline (0), 3,6,9 and 12 months post TRT in active group
	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F Value
	P Value

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	total average SBP
	Visit 0
	32
	129.3
	12.23
	2.16
	124.84
	133.66
	1.004
	0.371

	
	Visit 2
	28
	132.9
	12.20
	2.30
	128.13
	137.59
	
	

	
	Visit 4
	27
	128.7
	11.56
	2.22
	124.09
	133.24
	
	

	total average DBP
	Visit 0
	32
	79.0
	11.21
	1.98
	74.96
	83.04
	0.269
	0.765

	
	Visit 2
	28
	80.6
	6.80
	1.29
	78.01
	83.28
	
	

	
	Visit 4
	27
	79.7
	6.66
	1.28
	77.07
	82.34
	
	

	total average SBP DAY
	Visit 0
	32
	131.5
	13.07
	2.31
	126.79
	136.21
	0.965
	0.385

	
	Visit 2
	28
	134.7
	12.83
	2.42
	129.74
	139.69
	
	

	
	Visit 4
	27
	130.0
	12.55
	2.42
	125.07
	135.00
	
	

	total average DBP DAY
	Visit 0
	32
	81.9
	7.93
	1.40
	79.05
	84.77
	0.025
	0.976

	
	Visit 2
	28
	82.1
	7.20
	1.36
	79.31
	84.90
	
	

	
	Visit 4
	27
	81.7
	6.83
	1.32
	78.96
	84.37
	
	

	Total average HR DAY
	Visit 0
	32
	80.6
	11.53
	2.04
	76.44
	84.75
	0.033
	0.968

	
	Visit 2
	28
	80.5
	13.44
	2.54
	75.25
	85.67
	
	

	
	Visit 4
	27
	79.8
	12.01
	2.31
	75.06
	84.57
	
	

	%> 140 SBP DAY
	Visit 0
	32
	30.4
	27.79
	4.91
	20.40
	40.44
	1.68
	0.193

	
	Visit 2
	26
	39.9
	26.33
	5.16
	29.23
	50.50
	
	

	
	Visit 4
	27
	26.7
	26.81
	5.16
	16.06
	37.27
	
	

	%> 90 DBP DAY
	Visit 0
	32
	25.3
	24.02
	4.25
	16.62
	33.95
	0.34
	0.713

	
	Visit 2
	26
	27.8
	21.01
	4.12
	19.33
	36.30
	
	

	
	Visit 4
	27
	22.6
	23.72
	4.57
	13.21
	31.98
	
	

	total average SBP NITE
	Visit 0
	32
	122.9
	13.21
	2.34
	118.14
	127.67
	0.742
	0.479

	
	Visit 2
	28
	127.0
	13.22
	2.50
	121.84
	132.09
	
	

	
	Visit 4
	27
	124.7
	12.10
	2.33
	119.92
	129.49
	
	

	Total average DBP NITE
	Visit 0
	32
	74.3
	7.97
	1.41
	71.41
	77.15
	0.538
	0.586

	
	Visit 2
	28
	76.1
	7.77
	1.47
	73.09
	79.12
	
	

	
	Visit 4
	27
	74.2
	7.84
	1.51
	71.09
	77.28
	
	

	Tot avg HR NITE
	Visit 0
	32
	73.5
	12.11
	2.14
	69.10
	77.84
	0.249
	0.781

	
	Visit 2
	28
	72.7
	11.34
	2.14
	68.28
	77.08
	
	

	
	Visit 4
	27
	71.4
	9.94
	1.91
	67.47
	75.34
	
	

	%> 125 SBP NITE
	Visit 0
	32
	40.5
	32.33
	5.71
	28.85
	52.16
	1.052
	0.354

	
	Visit 2
	26
	53.1
	37.16
	7.29
	38.07
	68.09
	
	

	
	Visit 4
	27
	44.8
	29.64
	5.70
	33.05
	56.50
	
	

	%>80 DBP NITE
	Visit 0
	32
	29.6
	26.66
	4.71
	20.01
	39.24
	1.379
	0.258

	
	Visit 2
	26
	41.0
	27.60
	5.41
	29.87
	52.16
	
	

	
	Visit 4
	27
	38.3
	28.48
	5.48
	26.99
	49.53
	
	


Table 7.17: Multiple comparisons within the mean values of 24-hour ambulatory blood pressure components at baseline (0), 3,6,9 and 12 months post TRT in active group
	Multiple Comparisons

	Dunnett t (2-sided)
	
	
	
	
	
	
	

	Dependent Variable
	(I) Visits
	(J) Visits
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	total average SBP
	Visit 2
	Visit 0
	3.60714
	3.10958
	.410
	-3.4023
	10.6166

	
	Visit 4
	Visit 0
	-.58333
	3.14014
	.976
	-7.6617
	6.4950

	total average DBP
	Visit 2
	Visit 0
	1.64286
	2.24035
	.689
	-3.4072
	6.6929

	
	Visit 4
	Visit 0
	.70370
	2.26237
	.933
	-4.3960
	5.8034

	total average SBP DAY
	Visit 2
	Visit 0
	3.21429
	3.32122
	.531
	-4.2722
	10.7008

	
	Visit 4
	Visit 0
	-1.46296
	3.35386
	.874
	-9.0230
	6.0971

	total average DBP DAY
	Visit 2
	Visit 0
	.20089
	1.90775
	.992
	-4.0994
	4.5012

	
	Visit 4
	Visit 0
	-.23958
	1.92650
	.989
	-4.5822
	4.1030

	Total average HR DAY
	Visit 2
	Visit 0
	-.12946
	3.18773
	.999
	-7.3151
	7.0561

	
	Visit 4
	Visit 0
	-.77894
	3.21906
	.959
	-8.0352
	6.4773

	%> 140 SBP DAY
	Visit 2
	Visit 0
	9.44736
	7.13910
	.321
	-6.6588
	25.5535

	
	Visit 4
	Visit 0
	-3.75521
	7.06578
	.821
	-19.6960
	12.1855

	%> 90 DBP DAY
	Visit 2
	Visit 0
	2.52716
	6.08558
	.885
	-11.2022
	16.2565

	
	Visit 4
	Visit 0
	-2.69178
	6.02309
	.869
	-16.2801
	10.8966

	total average SBP NITE
	Visit 2
	Visit 0
	4.05804
	3.33304
	.377
	-3.4551
	11.5712

	
	Visit 4
	Visit 0
	1.79745
	3.36580
	.818
	-5.7895
	9.3844

	Total average DBP NITE
	Visit 2
	Visit 0
	1.82589
	2.03509
	.578
	-2.7615
	6.4133

	
	Visit 4
	Visit 0
	-.09606
	2.05509
	.998
	-4.7285
	4.5364

	Tot avg HR NITE
	Visit 2
	Visit 0
	-.79018
	2.90564
	.949
	-7.3399
	5.7595

	
	Visit 4
	Visit 0
	-2.06134
	2.93420
	.710
	-8.6754
	4.5528

	%> 125 SBP NITE
	Visit 2
	Visit 0
	12.57837
	8.73593
	.265
	-7.1303
	32.2870

	
	Visit 4
	Visit 0
	4.26782
	8.64621
	.843
	-15.2384
	23.7741

	%>80 DBP NITE
	Visit 2
	Visit 0
	11.39038
	7.26928
	.212
	-5.0095
	27.7902

	
	Visit 4
	Visit 0
	8.63426
	7.19463
	.388
	-7.5972
	24.8657


[bookmark: _Toc94007811]7.3 Discussion:

This study to our knowledge is the first randomized controlled trial which has evaluated the effects of parenteral Testosterone undecanoate on 24-hour ambulatory blood pressure in patients with type 2 diabetes mellitus and hypogonadism. Many RCTs that have looked at the effect of TRT on blood pressure have been BP measurements using mercury sphygmomanometer which is just a cross sectional assessment of blood pressure at that moment in time rather than longitudinal measurement over 24-hour period.

Baseline analysis of our data showed that there was no significant correlation of average systolic blood pressure (total SBP, Day time SBP or Night time SBP) with testosterone levels (total testosterone, calculated free testosterone or calculated bioavailable testosterone). Baseline total average diastolic blood pressure positively correlated with calculated free testosterone but not with total testosterone or bioavailable testosterone. Similarly, Day time average diastolic BP positively correlated with calculated free and bioavailable testosterone but when corrected for co-variates like age, BMI, smoking status and SHBG such correlations lost significance in the linear regression models. Our study findings are not in line with the findings of some of the studies which showed an inverse correlation relationship of systolic and diastolic blood pressure and testosterone levels(Fogari et al., 2005; Khaw and Barrett-Connor, 1988)

Our study has shown that there is no significant difference in 24 hours ambulatory average systolic or diastolic BP before and after treatment with testosterone treatment for 6 months (SBP p=0.407, DBP p=0.649). There were no significant changes in average daytime systolic blood pressure (SBP) (p=0.291), average night time SBP (p=0.295), average daytime diastolic blood pressure (DBP) (p=0.566) or average nighttime DBP (p=0.879) in the testosterone treated group and placebo treated group at 6 months. There was no significant difference in the total average heart rate and day time average heart rate however night time average heart rate showed a significant reduction of around 4 beats per minute (p=0.046) between the two groups at 6 months. There is an association of nocturnal heart rate with fitness.There was no change in antihypertensive therapy in either group for these 6 months. There was no discontinuation of any participants in the study due to rise in the blood pressure in either group during this period. 
No one in the active group who were normotensive at baseline went on to have a formal diagnosis of hypertension by visit 2 (6 months). On the other hand, 3 in placebo group were diagnosed to have hypertension at 6 months who were normotensive at baseline. 

[bookmark: _Hlk64545819]We also looked at the same parameters in the subgroup where the average baseline ambulatory blood pressure was less than 140/90 mm of Hg (Normotensive group) and in the group with more than or equal to 140/90 mm of Hg (Hypertensive group). There was no significant difference in the values for the above parameters in these two groups either. However, there was a significant decrease in the total average night time heart rate of around 5 beats per minute in the testosterone treated group as compared to the placebo group in the normotensive cohort(p=0.007) but not in the hypertensive cohort (p=0.758). The significance of this drop is similar to the drop in total average night time heart rate however we are unsure of the plausible cause for such an effect seen. 

The cause for such a drop in the average night time heart rate in the testosterone group remains unexplained.  Although the cause is unclear, we know from the  epidemiological studies that the increase in the cardiovascular risk, associated with the acceleration of heart rate, was comparable to the increase in risk observed with high blood pressure. It has been shown that an increase in heart rate by 10 beats per minute was associated with an increase in the risk of cardiac death by at least 20%, and this increase in the risk is similar to the one observed with an increase in systolic blood pressure by 10 mm Hg(Perret-Guillaume, Joly and Benetos, 2009). Whether this decrease in the heart rate is one of the reasons for decreased cardiovascular mortality in the testosterone replete men as opposed to testosterone deficient men needs further careful evaluation and detailed studying.

Another point to note is that, there was a significantly higher number of participants with cardiovascular disease at baseline in the active group compared to placebo group (n=28 vs n=18 respectively, p=0.05) in our study cohort. Similarly, the number of participants with diagnosed hypertension at baseline was significantly higher is the testosterone treated group compared to placebo group (n=23 vs n=13 respectively, p=0.008) The fact that there was no increase in average systolic or diastolic blood pressure after treatment with Testosterone for 6 months in 24-hour ambulatory blood pressure setting in spite of the higher number of participants with CV disease and diagnosed hypertension is extremely reassuring. Further the 24-hour ambulatory BP measures blood pressure in patient’s own environment which reflects patient’s normal daily routine and hence is very reassuring in terms of the drug safety. Testosterone therapy can hence be safely used in patients with both normal and hypertensive patients with close monitoring.

Our study also showed that there was no significant difference in total, day time and night time systolic or diastolic blood pressure before and after treatment of testosterone at 12 months within the active group. Similarly, there was no significant difference in the mean heart rate either hence confirming that the testosterone has no adverse effect on blood pressure even at 12 months point.

Most RCTs have shown similar findings except that the blood pressure was measured using Kortakoff method in clinical settings ((Kapoor et al., 2006; Hackett et al., 2011; Jones et al., 2011a). Only a few very recent studies (Swerdloff et al., 2020; Shahid et al., 2020) have shown that the novel formulations of oral testosterone undecanoate (Jatenzo and Tlando) was associated with increase in systolic blood pressure of 3-5 mm of Hg in the clinical trials. One of the studies was a randomized, active controlled open-label study with topical Testosterone – Axiron being the active comparator(Swerdloff et al., 2020). In this phase 3 clinical trial, ambulatory blood pressure was measured and there was a significant but small increase in the average SBP in the Oral TU group Vs topical testosterone group. Similar increase was noted in average daytime and night time blood pressure in the oral TU group.

 In yet another 16 week, multicenter, open label study(Shahid et al., 2020), similar rise in systolic blood pressure was seen in 24 hour ambulatory blood pressure monitoring in 138 hypogonadal men where a novel prodrug of bioidentical testosterone was given BID orally ( Tlando). The rise in SBP was still marginal (3-5 mmHg). However, neither of the trials were blinded nor was in diabetic population as in our study. Further none of these novel preparations of testosterone are licensed to use in United Kingdom yet. 

Self-administered use of anabolic steroids to increase lean mass and muscular strength is common in men especially athletes. The use of such anabolic steroids includes testosterone which is administered in supraphysiological dose has adverse cardiac effects including hypertension(Kuipers et al., 1991; Sullivan et al., 1998; Ebenbichler et al., 2001; Lenders et al., 1988). Ebenbichler et al showed that use of anabolic androgenic steroids is associated with both an atherogenic lipid profile and endothelial dysfunction as assessed by flow mediated dilatation of brachial artery and thus may pose increased risk of atherosclerosis(Ebenbichler et al., 2001). JWM Lenders showed an increase of  3 mm of Hg in systolic blood pressure and heart rate by 7 beats per minute with self-administration of anabolic steroids(Lenders et al., 1988). It is well known that elevation in blood pressure is directly related to increase in cardiovascular risk and increase in major adverse cardiovascular events (MACE)(Kannel, 1996; Miura et al., 2001; Rapsomaniki et al., 2014). There hence seems to exist a ‘U’ shaped relationship between testosterone and blood pressure where either low or high level of testosterone is associated with adverse blood pressure outcome and hence adverse CV outcome. Hence careful monitoring of testosterone levels by experts is of vital importance.



[bookmark: _Toc94007812]7.4 Conclusions:

Our study hence concludes and reiterates that testosterone therapy given as a replacement hormone in hypogonadal patients with type 2 diabetes does not increase 24-hour ambulatory systolic or diastolic blood pressure and hence is very safe to use in this cohort but a close monitoring by the trained experts is advised to ensure testosterone is maintained in physiological range to avoid deleterious effects. Our study also shows that testosterone causes a decrease in average night time heart rate of 4 to 5 beats per minute and the cause and significance of such a decrease needs further detailed evaluation.
[bookmark: _Toc78567181][bookmark: _Toc78573367]
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CHAPTER 8: EVALUATION OF THE EFFECT OF TESTOSTERONE REPLACEMENT THERAPY ON CARDIOVASCULAR SAFETY AND OTHER ADVERSE EFFECTS

[bookmark: _Toc78567183][bookmark: _Toc78573369][bookmark: _Toc94007814]8.1 Introduction

[bookmark: _Toc78567184][bookmark: _Toc78573370]This chapter looks at the safety aspects of testosterone treatment in our trial. The controversy around testosterone replacement therapy and its safety in the literature makes many physicians nervous about its use in clinical practice with confidence. There is an array of concerns about testosterone treatment in terms of its safety ranging from cardiovascular risk to prostate cancer risk to polycythaemia and obstructive sleep apnoea. However, there seems to be large body of literature to allay the anxiety around these concerns too.
[bookmark: _Toc78567185][bookmark: _Toc78573371]
TRT and cardiovascular safety seems to top the chart. This stems from the prevailing myth that androgens have an atherogenic effect. This partly originated and deduced from the fact that men are two to three times more likely to die from coronary heart disease compared to women and that oestrogens may have a protective effect against cardiovascular diseases. However, there has been accumulating number of studies now in the literature to show that it is in fact testosterone deficiency that is associated with increased cardiovascular risk(Yeap et al., 2009; Jones, 2010; Svartberg et al., 2006; Ponikowska et al., 2010; Traish et al., 2009b) and mortality(Muraleedharan, Marsh and Jones; Muraleedharan et al., 2013; Shores et al., 2004; Shores et al., 2006b; Laughlin, Barrett-Connor and Bergstrom, 2008; Haring et al., 2010; Menke et al., 2010; Tivesten et al., 2009; Khaw et al., 2007; Araujo et al., 2011; Corona et al., 2011b). The interventional studies and metanalyses have shown that treating this androgen deficiency by exogenous hormone replacement to a physiological dose decreases such cardiovascular risk and mortality. Low testosterone levels are also associated with precursors of CV disease like type 2 diabetes(Ding et al., 2006; Lakshman, Bhasin and Araujo, 2010; Stellato et al., 2000b), insulin resistance(Dhindsa et al., 2016; Yeap et al., 2009), obesity(Derby et al., 2006; Mohr et al., 2006) and metabolic syndrome(Muller et al., 2005; Brand et al., 2011; Laaksonen et al., 2004; Kupelian et al., 2006a; Kupelian et al., 2008; Rodriguez et al., 2007). Each of these components independently contribute to increasing the coronary heart disease in testosterone deficient men.

[bookmark: _Toc78567186][bookmark: _Toc78573372]To tip the balance, there were 3 trials that were published in the recent past which induced more controversy by demonstrating that testosterone therapy increased cardiovascular disease and mortality(Basaria et al., 2010; Vigen et al., 2013; Finkle et al., 2014). In TOM trial by Basaria et al, a supraphysiological dose of transdermal testosterone was used in old frail men who had significant chronic disease and mobility limitations which contributed to the poor cardiovascular outcome(Basaria et al., 2010). This study was not powered to look for CV events and the trial measured cardiovascular -related adverse events which included events such as peripheral oedema and syncope too. This trial did not measure MACE exclusively.  Similar such trial in another cohort with where physiological dose of testosterone was used did not show increased cardiovascular events(Srinivas-Shankar et al., 2010). Studies by Vigen et al and Finkle et al had severe flaws and FDA concluded that each of these studies had major limitations precluding the ability to draw definitive conclusions(FDA, December 7th 2017). The study by Vigen et al was a retrospective study of men in the veteran’s affairs large health care database who underwent coronary angiography. The authors reported an increase in Myocardial infarctions, strokes and deaths in men who received testosterone prescriptions compared to the men who did not. The major flaw in the study was the assumption that treatment was continued once a subject was started on TRT prescription when a significant proportion had only one prescription (17.6%) indicating they never continued with the treatment.   Their testosterone probably remained low at pre-treatment levels even after issuing the prescription. Secondly, the raw data showed that the percentage of cardiovascular events was actually lowered by half for the men receiving testosterone prescription compared to the no treatment group but he authors used complex statistical analysis using more than 50 variables and suggested the opposite result. Also, there was no data on the diagnosis of hypogonadism before TRT was initiated. The study by Finkle et al collected data from a health care insurance claims database retrospectively. This study reported increase in non-fatal Mis in the 3 months after prescriptions were issued compared to the prior 12 months in these patients and also with a cohort of men treated with phosphodiesterase type 5 inhibitors (PDE-5i). Yet again in this study there was no data as to whether a formal diagnosis of hypogonadism was made prior to TRT prescription, treatment compliance or monitoring of haematocrit. The excess of non-fatal MI reported in the TRT group was 1.27 events in 1000 person-years which seems clinically insignificant and unlikely to be reproducible. Also, group treated with PDE5i is very dissimilar to the TRT group actually. The controversies and flaws in both these studies are explained well in a paper by K Hwang et al(Hwang and Miner, 2015).Updated systematic review and meta-analyses of RCTs by Corona et al shows that there is no increase in cardiovascular events such as MACE after treatment with testosterone(Corona et al., 2014b).  More recently the RHYME study(Maggi et al., 2016b) showed that testosterone treatment is not associated with increased risk of adverse cardiovascular event. Yet another recent meta-analysis of previous RCTs also showed there was no increase in CV risk or thrombo-embolic risk related to testosterone therapy (Corona et al., 2017a). The European Medicines Agency (EMA) has stated ‘The Co-ordination Group for Mutual Recognition and Decentralised Procedures - Human (CMDh), a regulatory body representing EU Member States, has agreed by consensus that there is no consistent evidence of an increased risk of heart problems with testosterone medicines in men who lack the hormone (a condition known as hypogonadism). However, the product information is to be updated in line with the most current available evidence on safety, and with warnings that the lack of testosterone should be confirmed by signs and symptoms and laboratory tests before treating men with these medicines (G.R. Dohle (Chair), 2019). 

TRAVERSE trial (ongoing phase 4 trial in USA- NCT03518034)) which is a randomised double blinded and placebo-controlled study of topical testosterone replacement therapy (TRT) in symptomatic hypogonadal men with increased risk for cardiovascular (CV) disease which is expected to be completed in 2022 will surely shed more light on the cardiovascular safety of testosterone. The primary outcome is time to Major Adverse Cardiac Event (MACE) up to 60 months and the secondary outcomes are assessing prostate safety and cardiovascular safety(Gagliano-Jucá and Basaria, 2019).

[bookmark: _Toc78567187][bookmark: _Toc78573373]In this chapter we have looked at CV events in our trial cohort both in Phase 1 of the study which is the placebo-controlled blinded phase and in Phase 2 where in the patients who were on placebo go onto receiving active medication too. 

[bookmark: _Toc78567188][bookmark: _Toc78573374]The other important safety issue amongst the medical practitioners in the use of testosterone therapy is its safety around prostate carcinoma. Prostate carcinomas are commonly androgen sensitive and hence androgen deprivation therapy is one of the modes of treatment in these cancers. Some scattered reports in literature have shown the unmasking of occult prostate after testosterone treatment(Rhoden and Morgentaler, 2004; Sengupta et al., 2005). This has led to the fear that TRT causes prostate cancer. However, many observational studies indicate otherwise. There isn’t an increased risk of developing prostate cancer with testosterone therapy or result in more aggressive tumours(Zitzmann et al., 2012; Baillargeon et al., 2015; Cooper et al., 1998; Marks et al., 2006). However, there is a significant paucity of data from RCTs on long term safety. Two metanalyses showed no increased risk of prostate cancer(Corona, Sforza and Maggi, 2017; Calof et al., 2005b). Testosterone hence is a contraindication in men who have prostate cancer. Guidelines suggest to exclude cancer by checking PSA and doing digital rectal examination before commencing on TRT. In this chapter, we present the results of TRT on PSA and prostate related problems including prostate carcinoma in our RCT.

[bookmark: _Toc78567189][bookmark: _Toc78573375]In this chapter we also look at relationship of TRT with polycythaemia. Testosterone stimulates erythroid progenitor cells like erythropoietin does and hence causes red blood cell proliferation(Cui et al., 2003; Kozlov, Tsyrlova and Zhuravkin, 1979; Basaria and Dobs, 1999). Hence, in clinical practice, polycythaemia is a well-known side effect of TRT, more so with intramuscular testosterone preparation than the transdermal preparations. Polycythaemia beyond a certain threshold level increases viscosity if the blood especially in elderly men and can be associated with increased risk of thromboembolic complications such as stroke, myocardial infarction and deep vein thrombosis(Allport et al., 2005; Kwaan and Wang, 2003; Lee et al., 2001; Brown, Giles and Croft, 2001; Greenberg et al., 2010; Wu et al., 2007). Hence close monitoring of haematocrit is advised. In clinical practice, polycythaemia can be treated once it crosses the threshold mark with either venesection or dose reduction of testosterone. Changing to a preparation like testosterone gels which are known to cause less polycythaemia compared to injectable forms may be an option too. Very rarely cessation of the testosterone therapy may be needed.

[bookmark: _Toc78567190][bookmark: _Toc78573376]The other potential adverse effects of testosterone are relatively minor like obstructive sleep apnoea, gynaecomastia or skin irritation where transdermal preparations are used. Injectable forms can very rarely cause fat embolism. In this chapter we aim to evaluate the safety of testosterone treatment in our trial cohort.

[bookmark: _Toc78567191][bookmark: _Toc78573377]
[bookmark: _Toc94007815]8.2 Aims
[bookmark: _Hlk63253231]To evaluate the safety of testosterone Undecanoate and assess the adverse effects during the course of the trial.

[bookmark: _Toc94007816]8.3 Methods

This study is a randomised double blinded placebo-controlled add-on of testosterone therapy (depot testosterone undecanoate) in hypogonadal men with poorly controlled diabetes performed at the Centre for Diabetes and Endocrinology, Barnsley NHS Foundation Trust, Barnsley, UK. The trial was divided into 2 phases. Phase 1: patients were randomly assigned to either treatment arm or the placebo arm for 6 months of testosterone therapy. Phase 2: this was an open labelled phase for 6 months and patients on placebo now moved on to the treatment group and the patients in the treatment group continued to be in the treatment arm.
Adverse events and serious adverse events were collected and recorded throughout course of the trial.
In this study: 
An Adverse Event (AE) was defined as any untoward medical occurrence in a subject during the course of the trial and for up to 4 weeks after its cessation. Pre-existing conditions, although they were recorded, were not regarded as AEs unless they worsen significantly
Any adverse event occurring during the study related to the IMP (adverse reaction) was documented in the CRF and was acted upon depending on the clinical need. This data was collected during each visit and any further notification by the patient by phone or in person were captured in the CRF.
A Serious Adverse Event (SAE), was defined as an adverse event that meets at least one of the following criteria 
· results in death
· is life threatening (as perceived at the time)
· results in persistent disability or incapacity
· requires (or prolongs) hospitalisation (Excluding elective hospitalisations)
· is a congenital defect
In addition, the following medical events were also captured as SAEs and their relatedness to the IMP were assessed 
· A persistent 3-fold rise (over 3 months) in serum PSA from baseline normal levels 
· Diagnosis of prostrate or breast cancer. 
· Persistent rise in Haematocrit of >0.54 in spite of four venesections
· New onset diagnosis of sleep apnoea syndrome

All SAEs were recorded on standardised forms and reported to the CI (or co- investigator if CI unavailable) and Sponsor and manufacturer of the IMP within 24 hours of identification by one of the team members. The potential causal relationship and expectedness of the SAE to the study medication was evaluated by the CI. 
Causality/Relatedness to the study medication:
The causality of the adverse event to the study medication was assessed using the following guidelines.
· Unrelated (or Not Related): The adverse event is clearly NOT related to the investigational agent(s) or intervention: the adverse event has no temporal relationship to the administration of the investigational agent(s) or research intervention, follows no known or suspected pattern of response, and an alternative cause is present.
· Unlikely to be related: The adverse event is doubtfully related to the investigational agent(s) or intervention: the adverse event has a temporal relationship to the administration of the investigational agent(s) or research intervention, but follows no known or suspected pattern of response, and an alternative cause is present.
· Possibly Related: There is a reasonable possibility that the event may have been caused by or is linked in a significant way to the research; the adverse event has a temporal relationship to the administration of the investigational agent(s) or research intervention, follows a suspected pattern of response, but an alternative cause is present.
· Probably Related: The adverse event is likely related to the investigational agent(s) or intervention: the adverse event has a temporal relationship to the administration of the investigational agent(s) or research intervention, follows a known or suspected pattern of response, but an alternative cause may be present.
· Definitely Related: The adverse event is clearly related to the investigational agent(s) or research intervention: the adverse event has a temporal relationship to the administration of the investigational agent(s) or research intervention, follows a known pattern of response, and no alternative cause is present.

Expectedness to the study medication:
The ‘expectedness’ of the event to IMP was assessed in the light of the Reference Safety Information (RSI) which is the summary of product characteristics (SmPC) for testosterone with a marketing authorisation (Appendix 1). 

Serious Adverse Reaction (SAR)
If an SAE was related to IMP and was an expected/recognised side effect of IMP it was termed as Serious adverse reaction (SAR)
All SARs were reported to sponsors and manufacturer of the study medication within 24-48 hours of being aware of it.
A blind break was to be performed upon authorisation by CI in a medical emergency where the knowledge of the IMP would lead to a difference in the treatment/management of the patient.
[bookmark: _Toc78567192][bookmark: _Toc78573378]
Suspected unexpected serious adverse reactions (SUSARs)  
Any serious adverse reaction which is unexpected (if its nature and severity are not consistent with the information about the medicinal product (SmPC) in question set out). 
A code break was to be performed upon authorisation by CI in a medical emergency where the knowledge of the study treatment would lead to a difference in the treatment/management of the patient. The code break was to be done by an independent medical expert and a decision about expedited reporting during the blinded phase of the trial will be made by this person. 
All SUSARs were to be reported to sponsors and manufacturer of the study medication within 24-48 hours of being aware of it.
All SUSARs were be reported to the MHRA and to the Ethics Committee within 15 days (7 days if life threatening or death) by the sponsor.

[bookmark: _Toc94007817]8.4 Statistical Analysis:

The data was analysed using SPSS. Normality of the data was using the Kolmogorov-Smirnov test. Normally distributed data was analyzed by using student’s t-test and correlation coefficients by Pearson’s r. Non-normally distributed data was analyzed by Mann-Whitney test/Wilcoxon rank-sum test and correlation coefficients will be calculated by Spearman’s rho. Treatment effects are reported as the mean/medians of the difference between the two treatment periods with 95% confidence intervals as well as a p value. Results were considered statistically significant at p<0.05. Two-sided significance tests were used throughout. Multivariate analyses were conducted by logistic regression. Where three or more samples were compared, one-way ANOVA followed by post hoc test like Tukey’s test was used to establish the significance of differences. If the data was not normally distributed, non-parametric Kruskal-Wallis test was applied. Analysis addressed the project objectives. 

[bookmark: _Toc94007818]8.5 Results:

As discussed in chapter 5, one of the patients had to be excluded from analysis as he had multiple episodes of infection (known foot ulcer patient) as this would directly affect the primary end point of glycemic control. 



[bookmark: _Toc94007819]8.5.1: Safety data for the phase 1 of the trial (0-6 months – RCT)

Table 8.1 demonstrates the safety data in both active and placebo groups during the phase one of the trial which was from 0 to 6 months. There was no testosterone related adverse effects in the active arm. One patient had TIA and the other had thrombophlebitis in the active arm. There was a total of six serious adverse events in the placebo arm. One had new diagnosis of obstructive sleep apnoea, one had more than 3-fold rise in PSA and the other had urinary retention needing catheterisation. 
[bookmark: _Hlk63245201][bookmark: _Hlk63075246]

Table 8.1: Safety data for the phase 1 of the trial (0-6months)
	
	Number in Active group 
	Number in Placebo group

	Hospital Admissions
	0
	2

	Deaths
	0
	0

	New Cardiovascular Event

	TIA
	0
	1 

	CVA
	0
	0

	Cardiovascular disease
	0
	0

	Cardiac failure
	0
	0

	Venous thromboses
	0
	0

	Diagnosed hypertension
	0
	0

	Prostate adverse events

	Raised PSA (3 fold in 3 months)
	0
	1

	Urinary Retention
	0
	1

	Prostate carcinoma
	0
	0

	New diagnosis of obstructive sleep Apnoea
	0
	1

	Other events
	0
	1 (thrombophlebitis)

	Total events
	0
	6




8.5.1.1: Hospital Admissions:

Any hospitalisation apart from the ones where hospitalisation is for an elective reason was considered to be a serious adverse event and such data was captured in detail and sponsors were informed. The causality of such admission was then analysed by the CI (chief investigator) to ascertain if this was related to the investigational medicinal product (IMP) which in our case was testosterone undecanoate. If the hospitalisation was rendered related to our IMP it was then termed Serious Adverse Reaction.

There were no hospitalisations in the testosterone treated group in the first 6 months of the trial. During the first 6 months of the trial there were only 2 hospitalisations both in the same patient. One of the admissions was due to Transient ischaemic attack (TIA) and the other admission was due to musculoskeletal pain which was termed to be non-specific musculoskeletal pain after all the relevant investigations. This was in a patient who was found to be on placebo at his unblinding visit. 

8.5.1.2: Mortality

There was no mortality in either group during the course of the whole trial



8.5.1.3: Testosterone and cardiovascular adverse events

As Table 8.1 narrates that there was no testosterone related serious adverse events in the active group especially the cardiovascular disease. This is very reassuring and will be discussed later. 

8.5.1.4: Testosterone and Haematocrit 

There was a significant increase in the mean haematocrit value at 6 months in the testosterone treated group compared to placebo group (p=0.000*) (table 8.2) (Fig 8.1). Similarly, there was a significant increase in the mean haemoglobin and red blood cells value in the active group after 6 months of treatment (p=0.001*, p=0.000*). This is to be expected as testosterone stimulates the bone marrow to produce more red blood cells. However, if the haematocrit exceeds the value of 0.54 l/l there is an increased risk of cardiovascular events as demonstrated by the Framingham heart studies- 34 years follow up study(Gagnon et al., 1994). We hence looked at the number of patients in each group who had an increase in haematocrit value more than 0.54 l/l at 6 months.





Figure 8.1: Effect of testosterone on Haematocrit levels at 6months
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Baseline
	
Post treatment
	
	
       95% CI

	
Variables
	
Placebo group
	
Active group
	
Placebo group
	
Active group
	Mean
Difference
	
P-value
	
Lower
	
Upper

	Haemoglobin
(g/L)
	138.82±16.28
	145.73±8.73
	139.0±14.76
	152.94±18.52
	6.75±4.76
	0.001*
	-2.77
	16.27

	Haematocrit
(l/l)
	0.42±0.033
	0.435±0.024
	0.42±0.027
	0.46±0.034
	0.032±0.007
	0.000*
	0.018
	0.047

	Red blood cells
(10*12/l)
	4.79±0.487
	5.05±0.379
	4.78±0.339
	5.40±0.47
	0.37±0.092
	0.000*
	0.19
	0.56


[bookmark: _Hlk63761333]
Table 8.2: Effect of testosterone on Haematocrit and other components of full blood count at 6months










[bookmark: _Hlk63243620]#Mann- Whitney test was applied for non-parametric data

Table 8.3 demonstrates that there was no participant whose haematocrit value raised more than the critical value of 0.54 l/l and hence none of them needed Venesections during the first phase of the trial.
Table: 8.3 Number of patients with haematocrit >0.54 in active and placebo groups

	
	Haematocrit (l/l)

	
Group
	≤ 0.54

	
>0.54


	Placebo
	33 (51.6%)
	0(0%)

	Active
	31 (48.4%)
	0(0%)

	Total
	64 (100%)
	0(0%)



8.5.1.5: Testosterone and Prostate related adverse events:

There was a non-significant increase in the mean PSA value at 6 months in the testosterone treated group compared to placebo group (p=0.756) (table 8.4, Fig 8.2). This again is a well-recognised phenomenon as testosterone promotes prostrate cell proliferation. However, the rate of increase of PSA is a very important factor and we looked at the number of patients who had PSA increase over 0.75 µg/ml in both the groups at 6 months point and as shown in table 8.5 there was no significant difference in the number of participants in both groups (placebo group n=3, active group n=3)

Table 8.4: Effect of Testosterone on PSA levels after 6 months of treatment
	 
	Active Group
	Placebo Group
	p value
	Mean Difference
	95% Confidence Interval of the Difference

	 
	Baseline
	Post Treatment
	Baseline
	Post Treatment
	
	
	Lower
	Upper

	PSA (µg/l)
	0.99±0.67
	1.29±0.92
	0.98±1.02
	1.15±1.36
	0.756
	0.053±0.169
	-0.287
	0.392




Fig 8.2: Effect of Testosterone on PSA levels after 6 months of treatment



Table 8.5: Total participants with PSA increase of >0.75µg/l in each group
	

Rise in PSA
[bookmark: _Hlk63244707](µg/l)
	                          Group

	Total
n (%)

	
	Placebo 
n (%)
	Active
n (%)
	

	>0.75
	3 (9.1%)
	3 (10%)
	6 (9.5%)

	

≤ 0.75
	30 (90.9%)
	27(90%)
	57 (90.5%)

	

Total
	33 (100%)
	30 (100%)
	63 (100%)


χ² = 0.015                                                                                                  p= 0.902 (NS)


No participants were diagnosed to have prostate cancer in the phase one of the trial. There was only one patient who had more than 3-fold increase in PSA and one patient who had urinary retention needing catherization. He also needed hospital admissions. He was referred to urologists who investigated him and was subsequently diagnosed to have benign enlargement of prostate. Both these patients were in placebo arm as indicated in table 8.1. 




8.5.1.6: Testosterone and Blood pressure

There was no significant increase in systolic or diastolic blood pressure after 6 months of treatment with testosterone or placebo. This has been extensively discussed in chapter 7.

[bookmark: _Toc94007820]8.5.2: Safety data for Phase 2 of the trial:

In phase 2 of the trial, patients who were on the placebo arm went on to receive TU injections (group 1) and patients who were on the active arm remained on TU treatment every 12 weeks (group 2). Hence, all the participants were on testosterone replacement between 6 and 12 months of the trial. 

There were 5 serious adverse events in the group 1 (table 8.6). Out of the 3 hospitalisations, two of them were in the same patient. One hospitalisation was due to Urinary retention and urosepsis secondary to Benign enlargement of the prostate gland. This gentleman had problems with urinary retention and BEP even before the active treatment was commenced. The same gentleman had another hospitalisation due to haematuria caused by traumatic catherization. Yet another gentleman had urinary retention and urosepsis in the group 1 needing hospitalisation. One participant had attempted suicide however he was known to suffer from depression and anxiety even before taking part in the trial. Another participant had raised PSA however this was a very small rise (4.1 µg/L)

In group two, where patients were on testosterone from the start of the trial, there were 2 serious adverse events (table 8.6). One patient was diagnosed to have prostate cancer by urologist. He was diagnosed have Gleason 4+5, T3a, N0, M0 prostate carcinoma. He then subsequently had androgen deprivation therapy and radical radiotherapy later on. The other patient had hospitalisation for abdominal pain unrelated to testosterone. 

There was no cardiovascular disease or deaths in the phase 2 of the trial yet again reassuring the cardiovascular safety of the testosterone use.












Table 8.6: Safety data for the phase 1 of the trial (6-12months)

	
	Number in group 1 
(patients on placebo in the initial 6 months going on to receiving TRT – 6 months)
	Number in group 2
(patients in the active group initial 6 months continuing to receive TRT for another 6 months – 12 months total)

	Hospital Admissions
	3
	1

	Deaths
	0
	0

	New Cardiovascular Event

	TIA
	0
	0

	CVA
	0
	0

	Cardiovascular disease
	0
	0

	Cardiac failure
	0
	0

	Venous thromboses
	0
	0

	Diagnosed hypertension
	0
	0

	Prostate adverse events

	Raised PSA (3 fold in 3 months)
	1
	0

	Urinary Retention
	2
	0

	Prostate carcinoma
	0
	1

	New diagnosis of obstructive sleep Apnoea
	0
	0

	Other events
	1 (suicide attempt)
	0

	Total events
	5
	2





[bookmark: _Toc94007821]8.5.3: 12-month safety data in active arm:

Mean haemoglobin, haematocrit, RBC and PSA levels were compared at 0, 3, 6, 9 and 12 months for participants in the active group before and after treatment with testosterone undecanoate. One-way ANOVA analysis was applied for the various time points as above. There was a significant increase in the Hb, Hct and RBC before and after the treatment as depicted by p values in Table 8.7 and figures 8.3, 8.4 and 8.5. There was no significant increase in mean PSA levels before and after treatment of testosterone in the active arm of the study fig 8.6.

Table 8.8 shows multiple comparisons within the mean values of Hb, Hct, RBC and at baseline (0), 3,6,9 and 12 months in active group.


Table 8.7: Mean values Hb, Hct and RBC at baseline (0), 3,6,9 and 12 months in active group
(ANOVA test is applied to compare means between the groups in Hb, HCT and RBC.
Kruskal Wallis test is applied for the variable PSA)
	
	
	N
	Mean ± SD
	95% Confidence Interval for Mean
	F-value
	P-value

	
	Visit
	
	
	Lower Bound
	Upper Bound
	
	

	Hb
(g/L)
	0
	30
	145.73± 8.73
	142.47
	148.99
	2.93
	0.023*

	
	1
	28
	152.75± 12.99
	147.71
	157.79
	
	

	
	2
	31
	152.94± 18.52
	146.14
	159.73
	
	

	
	3
	27
	155.93± 12.75
	150.88
	160.97
	
	

	
	4
	29
	156.10± 11.09
	151.88
	160.32
	
	

	
	Total
	145
	152.60±13.64
	150.36
	154.84
	
	

	Hct
(l/l)
	0
	30
	.4350±0.024
	.4261
	.4439
	3.92
	0.005*

	
	1
	28
	.4550±0038
	.4401
	.4699
	
	

	
	2
	31
	.4635±0.034
	.4509
	.4762
	
	

	
	3
	27
	.4633±0.038
	.4482
	.4785
	
	

	
	4
	29
	.4641±0.036
	.4507
	.4776
	
	

	
	Total
	145
	.4561±0.036
	.4502
	.4619
	
	

	RBC
(10*12/l)
	0
	30
	5.046±0.38
	4.9044
	5.1876
	3.16
	0.016*

	
	1
	28
	5.261±0.47
	5.0788
	5.4434
	
	

	
	2
	31
	5.402±0.47
	5.2283
	5.5763
	
	

	
	3
	27
	5.363±0.44
	5.1894
	5.5365
	
	

	
	4
	29
	5.344±0.42
	5.1851
	5.5031
	
	

	
	Total
	145
	5.282±0.45
	5.2084
	5.3563
	
	

	PSA
(µg/l)
	0
	30
	1.0167±0.69
	.7565
	1.2769
	1.16
	0.868(NS)

	
	1
	29
	1.334±0.86
	1.0052
	1.6624
	
	

	
	2
	31
	1.313±0.87
	.9950
	1.6308
	
	

	
	3
	28
	1.364±0.82
	1.0457
	1.6829
	
	

	
	4
	28
	1.482±1.05
	1.0720
	1.8922
	
	

	
	Total
	146
	1.298±0.87
	1.1564
	1.4406
	
	


Figure 8.3: Mean values Haemoglobin at baseline (0), 3,6,9 and 12 months in active group



Figure 8.4: Mean values Haematocrit at baseline (0), 3,6,9 and 12 months in active group


Figure 8.5: Mean values Red blood cells at baseline (0), 3,6,9 and 12 months in active group


Figure 8.6: Mean values Prostate-specific antigen (PSA) at baseline (0), 3,6,9 and 12 months in active group
	
	

Table 8.8: Multiple comparisons within the mean values of Hb, Hct and RBC at baseline (0), 3,6,9 and 12 months in active group

	
	
	
	
	
	
	

	Variable
	(I) group
	(J) group
	Mean Difference (I-J)
	Std. Error
	P-value
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Hb
(g/L)
	0
	1
	-7.017
	3.493
	.267
	-16.67
	2.64

	
	
	2
	-7.202
	3.404
	.219
	-16.61
	2.21

	
	
	3
	-10.193*
	3.526
	.036*
	-19.94
	-.45

	
	
	4
	-10.370*
	3.461
	.026*
	-19.94
	-.80

	
	1
	0
	7.017
	3.493
	.267
	-2.64
	16.67

	
	
	2
	-.185
	3.465
	1.000
	-9.76
	9.39

	
	
	3
	-3.176
	3.585
	.902
	-13.08
	6.73

	
	
	4
	-3.353
	3.522
	.876
	-13.09
	6.38

	
	2
	0
	7.202
	3.404
	.219
	-2.21
	16.61

	
	
	1
	.185
	3.465
	1.000
	-9.39
	9.76

	
	
	3
	-2.990
	3.499
	.913
	-12.66
	6.68

	
	
	4
	-3.168
	3.434
	.888
	-12.66
	6.32

	
	3
	0
	10.193*
	3.526
	.036*
	.45
	19.94

	
	
	1
	3.176
	3.585
	.902
	-6.73
	13.08

	
	
	2
	2.990
	3.499
	.913
	-6.68
	12.66

	
	
	4
	-.178
	3.555
	1.000
	-10.00
	9.65

	
	4
	0
	10.370*
	3.461
	.026*
	.80
	19.94

	
	
	1
	3.353
	3.522
	.876
	-6.38
	13.09

	
	
	2
	3.168
	3.434
	.888
	-6.32
	12.66

	
	
	3
	.178
	3.555
	1.000
	-9.65
	10.00

	Hct
(l/l)
	0
	1
	-.02000
	.00901
	.178
	-.0449
	.0049

	
	
	2
	-.02855*
	.00878
	.012*
	-.0528
	-.0043

	
	
	3
	-.02833*
	.00909
	.019*
	-.0535
	-.0032

	
	
	4
	-.02914*
	.00893
	.012*
	-.0538
	-.0045

	
	1
	0
	.02000
	.00901
	.178
	-.0049
	.0449

	
	
	2
	-.00855
	.00894
	.874
	-.0332
	.0161

	
	
	3
	-.00833
	.00924
	.896
	-.0339
	.0172

	
	
	4
	-.00914
	.00908
	.852
	-.0342
	.0160

	
	
	(I) group
	Mean Difference (I-J)
	Std. Error
	P-value
	Lower Bound
	Upper Bound

	
	2
	0
	.02855*
	.00878
	.012*
	.0043
	.0528

	
	
	1
	.00855
	.00894
	.874
	-.0161
	.0332

	
	
	3
	.00022
	.00902
	1.000
	-.0247
	.0251

	
	
	4
	-.00059
	.00885
	1.000
	-.0251
	.0239

	
	3
	0
	.02833*
	.00909
	.019*
	.0032
	.0535

	
	
	1
	.00833
	.00924
	.896
	-.0172
	.0339

	
	
	2
	-.00022
	.00902
	1.000
	-.0251
	.0247

	
	
	4
	-.00080
	.00917
	1.000
	-.0261
	.0245

	
	4
	0
	.02914*
	.00893
	.012*
	.0045
	.0538

	
	
	1
	.00914
	.00908
	.852
	-.0160
	.0342

	
	
	2
	.00059
	.00885
	1.000
	-.0239
	.0251

	
	
	3
	.00080
	.00917
	1.000
	-.0245
	.0261

	RBC
(10*12/l)
	0
	1
	-.21507
	.11493
	.338
	-.5327
	.1026

	
	
	2
	-.35626*
	.11202
	.015*
	-.6658
	-.0467

	
	
	3
	-.31696
	.11603
	.054
	-.6376
	.0037

	
	
	4
	-.29814
	.11390
	.073
	-.6129
	.0166

	
	1
	0
	.21507
	.11493
	.338
	-.1026
	.5327

	
	
	2
	-.14119
	.11403
	.729
	-.4563
	.1740

	
	
	3
	-.10189
	.11797
	.910
	-.4279
	.2241

	
	
	4
	-.08307
	.11588
	.952
	-.4033
	.2372

	
	2
	0
	.35626*
	.11202
	.015*
	.0467
	.6658

	
	
	1
	.14119
	.11403
	.729
	-.1740
	.4563

	
	
	3
	.03930
	.11514
	.997
	-.2789
	.3575

	
	
	4
	.05812
	.11300
	.986
	-.2542
	.3704

	
	3
	0
	.31696
	.11603
	.054
	-.0037
	.6376

	
	
	1
	.10189
	.11797
	.910
	-.2241
	.4279

	
	
	2
	-.03930
	.11514
	.997
	-.3575
	.2789

	
	
	4
	.01883
	.11697
	1.000
	-.3044
	.3421

	
	4
	0
	.29814
	.11390
	.073
	-.0166
	.6129

	
	
	1
	.08307
	.11588
	.952
	-.2372
	.4033

	
	
	2
	-.05812
	.11300
	.986
	-.3704
	.2542

	
	
	3
	-.01883
	.11697
	1.000
	-.3421
	.3044

	

PSA
(µg/l)






PSA
(µg/l)
	
	
	(I) group
	Mean Difference (I-J)
	Std. Error
	P-value
	Lower Bound
	Upper Bound



	0
	1
	-.31713
	.22573
	.626
	-.9409
	.3067

	
	
	2
	-.29624
	.22200
	.670
	-.9097
	.3172

	
	
	3
	-.34762
	.22777
	.547
	-.9770
	.2818

	
	
	4
	-.46548
	.22777
	.251
	-1.0949
	.1639

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	(I) group
	Mean Difference (I-J)
	Std. Error
	P-value
	Lower Bound
	Upper Bound

	
	1
	0
	.31713
	.22573
	.626
	-.3067
	.9409

	
	
	2
	.02089
	.22393
	1.000
	-.5979
	.6397

	
	
	3
	-.03049
	.22966
	1.000
	-.6651
	.6041

	
	
	4
	-.14835
	.22966
	.967
	-.7830
	.4863

	
	2
	0
	.29624
	.22200
	.670
	-.3172
	.9097

	
	
	1
	-.02089
	.22393
	1.000
	-.6397
	.5979

	
	
	3
	-.05138
	.22599
	.999
	-.6759
	.5731

	
	
	4
	-.16924
	.22599
	.944
	-.7937
	.4553

	
	3
	0
	.34762
	.22777
	.547
	-.2818
	.9770

	
	
	1
	.03049
	.22966
	1.000
	-.6041
	.6651

	
	
	2
	.05138
	.22599
	.999
	-.5731
	.6759

	
	
	4
	-.11786
	.23166
	.986
	-.7580
	.5223

	
	4
	0
	.46548
	.22777
	.251
	-.1639
	1.0949

	
	
	1
	.14835
	.22966
	.967
	-.4863
	.7830

	
	
	2
	.16924
	.22599
	.944
	-.4553
	.7937

	
	
	3
	.11786
	.23166
	.986
	-.5223
	.7580

	
	
	


Post hoc tests using Tukey’s test


[bookmark: _Toc94007822]8.6: Discussion:

We analysed safety data rigorously in our trial. Adverse events, hospitalisations and mortality were assessed in detail. In Phase 1 if the trial which is the placebo-controlled randomised phase (0-6 months) we only had 6 adverse events all in placebo arm and there were no adverse events in the active arm.

There were no cardiovascular adverse events in the active for the first 6 months of the trial. One patient had Transient Ischemic attack (TIA), one patient had new diagnosis of Obstructive Sleep Apnoea (OSA) and one patient had thrombophlebitis. All the above three patients were found to be in placebo group after unblinding at 6 months research visit. There were two prostate related adverse events - one patient had urinary retention and other had raised prostate specific antigen (PSA) both again in placebo arm of the trial. This data is hence very reassuring especially because there were no cardiovascular adverse events in the testosterone treated arm in the first six months.  This is in stark contrast to TOM trial by Basaria et al(Basaria et al., 2010) where the adverse CV events presented within the first 6 months of initiation of testosterone treatment however, of important note here is that this trial used supraphysiological dose of testosterone replacement therapy in their elderly participants. Our results are in line with many metanalyses which looked at the cardiovascular events and TRT and found no association(Calof et al., 2005a; Haddad et al., 2007; Fernández-Balsells et al., 2010). Worthy of note in our cohort is that significant proportion had pre-existing cardiovascular disease (70.8%) and our cohort also had significantly more participants with cardiovascular disease in the active arm than the placebo arm. In spite of this significantly more CV morbidity (Active arm 84.4% Vs placebo arm 57.6%, p=0.05), there were no cardiovascular adverse events recorded in first six months of the treatment with testosterone. Also, of note, is that whole of study population has type 2 diabetes mellitus which in itself is a pro-inflammatory state and independently increases the cardiovascular risk.

In Phase 2 of the trial, patients on the placebo group previously went on to receive active treatment (group 1) and patients who were on the active group continued to remain on the active treatment (group 2). There were five adverse events in group 1 and 2 adverse events in group 2 making it a total of 7 adverse events in total in phase 2 of the trial (6-12 months). Yet again there were no cardiovascular events in either group treated with testosterone replacement therapy. This is extremely reassuring cardiovascular safety data and is in accordance with the metanalysis mentioned above and a recent one by Corona et al(Corona et al., 2018).

There was a total of 6 hospitalisations in the trial – two in phase 1 and four in phase 2. Two of these hospitalisations were totally unrelated to the IMP – testosterone undecanoate (musculoskeletal pain and abdominal pain). One hospitalisation was for transient ischaemic attack and this was in placebo arm during phase one of the trial. Three other hospitalisations were related to urinary retention with or without urosepsis and traumatic catherization in the phase two of the trial (2 in group 1 and one in group 2). These three hospitalisations related to prostate is in the expected side effects of testosterone and is clearly mentioned in its label and SmPC information (appendix 1).

There was no mortality in either arm in both phase one and two of the trial.
Our study showed that there was an increase in mean haematocrit value at 6 months post treatment with testosterone. (Active group- pre-treatment 00.42±0.033 l/l, post treatment 0.435±0.024 l/l Vs Placebo group – pre-treatment 0.42±0.027 l/l, post treatment 0.46±0.034 l/l, p=0.000). Similar rise was seen in man red blood cells and haemoglobin levels (p=0.000, p=0.001 respectively). This is due to the well-recognised action of testosterone stimulating erythropoietin production in turn stimulating bone marrow to produce more red blood cells. For this very reason, chronic anaemia is a common finding in testosterone deficient men(Waalen et al., 2011; Ferrucci et al., 2006). Roy et al in their controlled clinical trial with testosterone or placebo for 12 months showed that testosterone treatment resulted in an increase in haemoglobin of those with unexplained anaemia as well as anaemia from unknown causes (Roy et al., 2017). Such increase in haematocrit and haemoglobin was observed to persist at 12 months (table 8.7 and 8.8) in the active arm of the trial.

However, polycythaemia can be an undesired side effect of TRT. Polycythaemia of more than 0.54l/l is of special caution as this increases the risk of thromboembolic phenomenon significantly(Gagnon et al., 1994). In our study, no participant had haematocrit value of more than 0.54l/l in both first and second phase of the trial which again is very reassuring and links in with the fact that there were no significant excess cardiovascular events or thrombo-embolic events in active group compared to placebo group in our trial.

There was no significant increase in systolic or diastolic blood pressure. This has been extensively discussed in chapter 7 of the thesis.

Our study showed there was no significant increase in PSA levels between active and placebo group at 6 months (Active group- pre-treatment 0.99±0.67 µg/l, post treatment 1.29±0.92 µg/l Vs Placebo group – pre-treatment 0.98±1.02 µg/l, post treatment 1.15±1.36 µg/l, p=0.756). Similarly, ANNOVA analysis of PSA showed that there was no significant increase in mean PSA between baseline, 3 months, 6months, 9 months and 12 months post treatment in active group (table 8.7 and 8.8). We also looked at the rate of increase and there was no significant increase in number of patients with >0.75 µg/l PSA rise between active and placebo group at 6 months (p=0.902).
There was only participant who had significantly raised PSA (>3 fold) in phase 1 of the study and he was in the placebo arm. There was one gentleman who was diagnosed to have prostate cancer in the second phase of the trial. He was diagnosed have Gleason 4+5, T3a, N0, M0 prostate carcinoma. He then subsequently had androgen deprivation therapy and radical radiotherapy later on. 3 patients had urinary retention with or without urosepsis needing hospitalization. 

Rise of PSA after testosterone initiation is to be expected as we know that testosterone stimulates prostate proliferation(Haynes, Frydenberg and Majewski, 2001). Mean PSA levels are reduced in hypogonadal men compared to age matched normal men (Behre, Bohmeyer and Nieschlag, 1994). TRT results in marginal increase in PSA and prostate volume and plateaus at 1 year(Saad et al., 2011). However, caution is required if there is a sudden rapid increase or more than 3-fold raise in PSA levels and its prudent to rule out the possibility of malignancy in such individuals. There was no significant difference in either of those parameters in our study between the two groups as discussed above. There was only one participant who was diagnosed to have prostate carcinoma and this fits in with the incidence of prostate carcinoma in general population(Data were provided by the National Cancer Registration and Analysis Service (part of Public Health England), on request through the Office for Data Release, November 2019. Similar data can be found here:).

Overall, the safety data in our study is very reassuring given that there was no significant increase in these adverse events in the active arm compared to the placebo arm. However, we strongly stand by the advice of careful monitoring following TRT for the occurrence of such side effects.

EAU (European association of Urology) guidelines recommends careful monitoring of hematocrit and PSA at baseline, 3 months, 6 months, 12 months and thereafter annually (G.R. Dohle (Chair), 2019; Salonia et al., 2021). A digital rectal examination is also recommended before initiating TRT. EAU guidelines also suggests venesection or decrease in testosterone dosage if hematocrit value is >0.54 l/l (G.R. Dohle (Chair), 2019). However, interestingly AUA ( American Urology Association) guidelines only recommend PSA measurement and digital rectal examination before the initiation of TRT and doesn’t recommend alteration to routine PSA screening practice thereafter(Mulhall John et al., 2018)

[bookmark: _Toc94007823]8.7: Conclusion:

Results from our study demonstrates that testosterone replacement therapy in physiological dose is not associated with any serious adverse effects. However, a close monitoring of adverse events is highly advisable.
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CHAPTER 9: EFFECT OF TESTOSTERONE ON BODY COMPOSITION IN HYPOGONADAL MEN WITH UNCONTROLLED TYPE 2 DIABETES
[bookmark: _Toc78567195][bookmark: _Toc78573381][bookmark: _Toc94007825]9.1 Introduction

Obesity and insulin resistance are the cornerstones of type 2 diabetes mellitus pathogenesis. Obesity seems to be becoming one of the major epidemics of modern world and poses an enormous challenge to the health care systems due to the co-morbidities it brings with it. It independently increases the risk of cardiovascular mortality and morbidity(Corona et al., 2010; Corona et al., 2014c; Yusuf et al., 2005) and adds to the socio-economic burden of the society in general and NHS in particular. Obesity is also closely associated with cancer, obstructive sleep apnoea and other health problems like osteoarthritis etc. In men, obesity is closely associated with androgen deficiency states.(Galvao et al., 2008; Vermeulen, Goemaere and Kaufman, 1999). This chronic hypogonadal state is multifactorial and a product of complex interactions of adipocytokines and other pro-inflammatory messengers exerting direct effect on the hypothalamus- pituitary-testicular axis(Rao, Kelly and Jones, 2013) which is explained in detail in section 2.3.3. of this thesis.

Testosterone demonstrates an inverse relationship with total body fat (Simon et al., 1997; Vermeulen, Goemaere and Kaufman, 1999)especially the abdominal fat(Khaw and Barrett-Connor, 1992; van den Beld et al., 2000). In cross-sectional analyses of 821 men, Gates et al showed that testosterone, calculated free T, and SHBG were inversely correlated with fat mass, weight, body mass index, waist/hip circumference, and waist-to-hip ratio(Gates et al., 2013). Visceral obesity is the main cause of age-related late onset hypogonadism (LOH)(Corona et al., 2014c; Corona et al., 2012; Corona, Rastrelli and Maggi, 2013). On the other hand, hypogonadism causes significant increase in visceral and abdominal fat levels as well as the total fat levels in men hence sharing a bi-directional relationship. It is also a well-known fact that androgen deprivation therapy used in the treatment of prostate cancer decreases both total and visceral fat(Torimoto et al., 2011). Testosterone promotes commitment of pluripotent stem cells to myogenic lineage and inhibits their differentiation into adipocytes(Bhasin et al., 2003). 

Interventional studies have demonstrated that testosterone has a positive effect of body composition in men with hypogonadism(Svartberg et al., 2008; Kenny et al., 2010; Naharci et al., 2007; Hoyos et al., 2012; Wang et al., 2000; Sinclair et al., 2016). It decreases total body fat mass and increases the total body lean mass. However, some studies haven’t shown the same effect in their studies(Mårin et al., 1992; Sih et al., 1997; Boyanov, Boneva and Christov, 2003). Meta- analysis of 59 trials(Corona et al., 2016) looking at the effect of testosterone on body composition by corona et al suggest that testosterone supplementation significantly reduced fat mass and increased lean mass with a decrease in fasting blood glucose and insulin resistance. There are only a handful of RCTs in literature who have analysed the effect of testosterone treatment in a cohort of patients with poorly controlled diabetes and hypogonadism using Dual energy X-ray absorptiometry (DEXA SCAN). Gianatti et al(Gianatti et al., 2014a) in their RCT involving 88 men with type 2 diabetes showed that 40 weeks of im Testosterone undecanoate treatment resulted in a decrease in fat mass (MAD −2.38 kg [−3.10 to −1.66]; P < 0.001) and an increase in lean mass (MAD 2.08 kg [1.52–2.64]; P < 0.001). Testosterone therapy reduced subcutaneous (MAD −320 cm3 [−477 to −163]; P < 0.001) but not visceral abdominal adipose tissue (MAD 140 cm3 [−89 to 369]; P = 0.90). In yet another randomized, double-blinded, placebo-controlled study on 6-month testosterone treatment (gel) in 38 men, testosterone therapy decreased subcutaneous fat on the abdomen and lower extremities, but visceral fat was unchanged(Frederiksen et al., 2012).

A recent landmark study – T4DM study looked at effects of intramuscular testosterone undecanoate (nebido) treatment to prevent or revert type 2 diabetes in men enrolled in a lifestyle programme (Wittert et al., 2021). It’s a 2-year randomized controlled trial at 6 Australian centers by Wittert et al(Wittert et al., 2021) and they showed Testosterone treatment for 2 years reduced the proportion of participants with type 2 diabetes beyond the effects of a lifestyle programme. The testosterone group also had greater decreases in waist circumference, total fat mass, and abdominal fat mass, and greater increases in total muscle mass, arm muscle mass, and hand-grip strength.

In another randomised double-blind, parallel, placebo-controlled trial of 100 obese men (body mass index ≥ 30 kg/m2), low testosterone levels and after receiving 10 weeks of a very low energy diet (VLED) followed by 46 weeks of weight maintenance, participants were randomly assigned to either 56 weeks of 10-weekly intramuscular testosterone undecanoate or placebo. Fat and lean mass were measured by dual-energy X-ray absorptiometry, and visceral fat area (computed tomography). Testosterone group had greater reductions in fat mass and in visceral fat. Although both groups lost the same lean mass following VLED, testosterone group regained lean mass (in contrast to controls. So authors concluded that while dieting men receiving placebo lost both fat and lean mass, the weight loss with testosterone treatment was almost exclusively due to loss of body fat.

We in this chapter, looked at the effects of intramuscular testosterone undecanoate (nebido) on body composition in patients with poorly controlled type 2 diabetes and hypogonadism using the gold standard – DEXA scan at baseline, 6 months and 12 months. We present the results of the same in this chapter. 

Aims, methods, inclusion and exclusion criteria and statistical analytical methods are discussed in detail in chapter 3

[bookmark: _Toc94007826]9.2 Results:
[bookmark: _Toc94007827]9.2.1: Baseline Characteristics of the study population:

Mean age of the population was 59 years with the range of 42-77 yrs. Baseline characteristics of the active and placebo group are listed in the table 9.1, 9.2 and 9.3 below. There was no statistically significant difference in the data from baseline DEXA scan indicating that the baseline body composition of both the cohorts were comparable as indicated by the p value >0.05. (table 9.3)
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Table 9.1:  Age and comorbidities in placebo and active groups at baseline
	
	Active Group

	Placebo Group

	Total

	p value


	Age (years)

	59.03±7.58 (42 - 74)
	58.94±10.35 (43 - 77)
	58.94±8.98 (42 - 77)
	0.763

	Duration of DM (months)
	102.39±73.96 (0 - 252)
	103.34±62.34 (3 - 204)
	102.86±67.96 (0 - 252)
	0.853

	Number on Insulin
	9(28.1)
	8(24.2)
	17(26.2)
	0.722

	Duration on Insulin (months)
	64.08±76.21 (0 - 216)
	36.18±52.17 (0 - 156)
	51.29±66.45 (0 - 216)
	0.316

	CV disease
	27(84.4)
	19(57.6)
	46(70.8)
	0.051

	MI
	5(15.2)
	4(12.5)
	9(13.8)
	0.96

	Angina
	4(12.1)
	0(0.0)
	4(6.2)
	0.036

	CCF
	0(0.0)
	0(0.0)
	0(0.0)
	

	PVD
	1(3.0)
	0(0.0)
	1(1.5)
	0.306

	HTN
	23(71.9)
	13(39.4)
	36(55.4)
	0.008

	CVA
	0(0.00)
	1(3.1)
	1(1.5)
	0.329

	TIA
	1(3.0)
	0(0.0)
	1(1.5)
	0.306

	Weight (kgs)
	104.91±17.47
	109.68±23.82
	107.33±20.91
	0.362

	BMI

	34.09±5.73
	34.92±5.91
	34.48±5.8
	0.577#

	Waist Circumference (cms)
	112.86±18.40
	118.59±16.32
	115.77±17.48
	0.270#

	Hip Circumference (cms)
	112.83±17.18
	115.32±12.26
	14.09±14.82
	0.505

	Waist Hip Ratio
	1.00±0.06
	1.03±0.07
	1.01±0.07
	0.047


Data are presented as mean ± SD (range) or n (%) unless otherwise indicated
# non-parametric data analysed with non-parametric tests


Table 9.2: Baseline laboratory measurements in active and placebo groups
	 


	
Active Group
(mean ± SD)

	Placebo Group
(mean ± SD)
	Total
(mean ± SD)
	p value

	HbA1c
mmol/mmol
	61.78±7.14
	64.79±8.67
	63.31±8.03
	0.210#

	Plasma glucose
mmol/L
	9.80±2.87
	9.94±3.30
	9.87±3.10
	0.485#

	Total Testosterone
nmol/L
	8.76±2.08
	9.07±2.49
	8.90±2.29
	0.803#

	SHBG
nmol/L
	31.38±13.31
	36.32±25.49
	33.93±20.51
	0.332

	cFT
	0.17±0.06
	0.18±0.06
	0.18±0.06
	0.663#

	cBT
	2.72±0.79
	2.86±0.70
	2.83±0.66
	0.454

	Oestradiol
pmol/L
	115.56±32.06
	113.80±29.29
	114.71±30.51
	0.657#

	LH
IU/L
	6.48±5.60
	5.08±3.11
	5.79±4.53
	0.219

	FSH
IU/L
	9.76±9.72
	9.39±7.30
	9.54±8.53
	0.863


# non-parametric data analysed with non-parametric tests

	Table 9.3: Baseline Body composition as measured by DEXA scan in active and placebo groups


	Variable
	Active
	Placebo
	Total
	Active v/s Placebo

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Sig. (2-tailed)

	1
	L arm Fat mass(g)
	1750.6
	534.9
	2036.1
	713.6
	1898.3
	644.5
	0.09

	2
	L arm lean mass(g)
	3625.1
	541.6
	3680.5
	713.3
	3653.7
	631.3
	0.74

	3
	L armTotal mass(g)
	5589.7
	780.6
	5933.5
	1224.0
	5767.6
	1039.7
	0.21

	4
	L arm fat %
	31.0
	7.0
	33.8
	6.2
	32.5
	6.7
	0.12

	5
	R arm Fat mass(g)
	1856.2
	513.9
	2145.0
	654.9
	2005.6
	603.8
	0.07

	6
	R arm lean mass(g)
	3793.9
	547.6
	3892.9
	671.0
	3845.1
	611.2
	0.54

	7
	R armTotal mass(g)
	5869.3
	811.4
	6259.6
	1109.5
	6071.2
	988.4
	0.13

	8
	R arm fat %
	31.3
	6.2
	33.9
	6.0
	32.7
	6.2
	0.11

	9
	TrunkFat mass(g)
	20732.2
	8131.5
	23161.5
	10758.0
	21988.7
	9576.2
	0.34

	10
	Trunk lean mass(g)
	36671.8
	4346.2
	52942.2
	81244.7
	45087.5
	58604.2
	0.30

	11
	Trunk Total mass(g)
	58165.3
	11456.4
	62436.8
	15103.8
	60374.7
	13522.9
	0.23

	12
	Trunk fat %
	34.6
	6.8
	35.7
	6.9
	35.2
	6.8
	0.52

	13
	L leg Fat mass(g)
	4567.9
	1683.5
	4920.3
	1577.1
	4750.2
	1624.7
	0.41

	14
	L leg lean mass(g)
	9947.2
	1319.6
	10099.4
	1816.9
	10026.0
	1584.4
	0.72

	15
	L leg Total mass(g)
	15034.9
	2687.4
	15585.5
	2978.8
	15319.7
	2830.6
	0.46

	Variable
	Active
	Placebo
	Total
	Active v/s Placebo

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Sig. (2-tailed)

	16
	L leg fat %
	29.7
	6.1
	31.2
	5.7
	30.5
	5.9
	0.33

	17
	R leg Fat mass(g)
	4700.6
	1724.0
	5124.0
	1668.5
	4919.6
	1694.0
	0.35

	18
	R leg lean mass(g)
	9804.2
	2142.9
	10313.8
	1808.1
	10067.8
	1975.9
	0.33

	19
	R leg Total mass(g)
	15374.5
	2654.9
	15990.0
	3146.3
	15692.8
	2910.6
	0.43

	20
	R leg fat %
	29.9
	6.3
	31.6
	5.5
	30.7
	5.9
	0.28

	21
	subtot Fat mass(g)
	33250.5
	12116.5
	37383.5
	14600.4
	35388.3
	13503.2
	0.25

	22
	subtot lean mass(g)
	61980.8
	13013.0
	85795.9
	105959.3
	74299.0
	77048.6
	0.24

	23
	subtot Total mass(g)
	131819.4
	168838.2
	106205.4
	22563.1
	118570.8
	118019.9
	0.41

	24
	subtot fat %
	32.8
	6.3
	34.3
	5.9
	33.6
	6.1
	0.35

	25
	Tot Fat mass(g)
	34142.2
	13167.4
	38691.4
	14631.0
	36495.2
	14010.6
	0.22

	26
	Tot lean mass(g)
	67574.6
	7512.2
	69927.2
	9890.3
	68791.4
	8826.3
	0.32

	27
	Tot Total mass(g)
	105248.8
	17336.7
	111542.5
	22683.3
	108504.2
	20352.2
	0.24

	28
	Tot fat %
	32.4
	6.0
	33.9
	5.7
	33.1
	5.9
	0.35

	Unpaired t test 
	
	
	
	
	
	
	
	
	

	P > 0.05, NS
	
	
	
	
	
	
	
	
	



[bookmark: _Toc94007828]9.2.2: Correlations and Linear Regression analysis at baseline:
Baseline data was analysed to look into correlations between testosterone levels and various components of body composition. There exists a significant and inverse correlation between total testosterone and fat mass in limbs apart from right arm. Similar correlation exists between fat percentage and the limb fat in all areas as indicated in the table below (table 9.4). However, Total testosterone didn’t not correlate with limb lean mass. Limb fat mass and percentage fat significantly correlated strongly and inversely with both calculated and bioavailable testosterone levels as shown in the table too. 

Truncal fat mass correlated inversely with total and cBT but did not correlate significantly with cFT. Truncal fat percentage significantly and inversely correlated with TT, cFT and cBT with p values less than 0.05 as demonstrated in table 9.4. and figures 9.1 to 9.5 There was no significant correlation between truncal lean mass and TT, cFT or cBT.

Similarly, there was strong inverse correlation between both subtotal and total fat mass and fat percentage with TT, cFT and cBT. There was no correlation between total lean mass and TT, cFT or cBT. However, subtotal lean mass significantly correlated positively with cFT. (table 9.4) (figures 9.6 to 9.8).

The correlations remained significant between truncal fat percent and TT, CFT and cBT after correcting for age, BMI and SHBG in linear regression model (tables 9.5 to 9.6). Similarly, the correlations remained significant for total fat percentage Vs TT and cBT but wasn’t significant for cFT after correcting for the covariates mentioned above in linear regression model (tables 9.7 to 9.8)

Table 9.4: Correlations between body composition and testosterone levels at baseline
	Correlation analysis 

	Variable 
	 
	Age
	TT
	SHBG
	cFT
	cBT

	L arm Fat mass(g)
	Pearson's Corr.Coeff.
	-0.001
	-0.250
	0.241
	-0.279
	-0.365

	
	Sig. (2-tailed)
	0.994
	0.058
	0.068
	0.034
	0.005

	
	N
	58
	58
	58
	58
	58

	L arm lean mass(g)
	Pearson's Corr.Coeff.
	-0.322
	0.089
	-0.201
	0.307
	0.195

	
	Sig. (2-tailed)
	0.014
	0.508
	0.130
	0.019
	0.142

	
	N
	58
	58
	58
	58
	58

	L arm fat %
	Pearson's Corr.Coeff.

	0.200
	-0.349
	0.267
	-0.416
	-0.495

	
	Sig. (2-tailed)
	0.132
	0.007
	0.043
	0.001
	0.000

	
	N
	58
	58
	58
	58
	58

	R arm Fat mass(g)
	Pearson's Corr.Coeff.

	0.048
	-0.299
	0.183
	-0.254
	-0.387

	
	Sig. (2-tailed)
	0.718
	0.022
	0.169
	0.054
	0.003

	
	N
	58
	58
	58
	58
	58

	R arm lean mass(g)
	Pearson's Corr.Coeff.

	-0.275
	-0.047
	-0.357
	0.349
	0.130

	
	Sig. (2-tailed)
	0.037
	0.726
	0.006
	0.007
	0.331

	
	N
	58
	58
	58
	58
	58

	R arm fat %
	Pearson's Corr.Coeff.
	0.221
	-0.291
	0.354
	-0.421
	-0.468

	
	Sig. (2-tailed)
	0.096
	0.026
	0.006
	0.001
	0.000

	
	N
	58
	58
	58
	58
	58

	Correlation analysis 

	Variable 
	 
	Age
	TT
	SHBG
	cFT
	cBT

	TrunkFat mass(g)
	Pearson's Corr.Coeff.
	-0.176
	-0.297
	0.094
	-0.238
	-0.354

	
	Sig. (2-tailed)
	0.186
	0.023
	0.481
	0.072
	0.006

	
	N
	58
	58
	58
	58
	58

	Trunk lean mass(g)
	Pearson's Corr.Coeff.
	-0.263
	-0.160
	-0.197
	0.146
	-0.060

	
	Sig. (2-tailed)
	0.046
	0.231
	0.138
	0.274
	0.652

	
	N
	58
	58
	58
	58
	58

	Trunk fat %
	Pearson's Corr.Coeff.
	-0.068
	-0.324
	0.130
	-0.307
	-0.404

	
	Sig. (2-tailed)
	0.611
	0.013
	0.332
	0.019
	0.002

	
	N
	58
	58
	58
	58
	58

	L leg Fat mass(g)
	Pearson's Corr.Coeff.
	0.155
	-0.310
	0.145
	-0.269
	-0.398

	
	Sig. (2-tailed)
	0.244
	0.018
	0.277
	0.041
	0.002

	
	N
	58
	58
	58
	58
	58

	L leg lean mass(g)
	Pearson's Corr.Coeff.
	-0.330
	-0.078
	-0.082
	0.070
	-0.046

	
	Sig. (2-tailed)
	0.011
	0.559
	0.540
	0.600
	0.734

	
	N
	58
	58
	58
	58
	58

	L leg fat %
	Pearson's Corr.Coeff.
	0.392
	-0.351
	0.187
	-0.345
	-0.466

	
	Sig. (2-tailed)
	0.002
	0.007
	0.159
	0.008
	0.000

	
	N
	58
	58
	58
	58
	58


Pearson's Correlation Coefficient (r value)				
Red indicating Significant correlation					
( - ) ve sign indicates  inverse relationship				
P < 0.05, Sig.						
P < 0.001, High Sig.						
P > 0.05, Not Sig.						


Figure 9.1: Trunk Fat mass Vs Total testosterone before adjusting for co-variates:



Figure 9.2: Trunk Fat percentage Vs Total testosterone before adjusting for co-variates:


Figure 9.3: Trunk Fat mass Vs Calculated bioavailable testosterone before adjusting for co-variates:


Figure 9.4: Trunk Fat percentage Vs Calculated bioavailable testosterone before adjusting for co-variates:



Figure 9.5: Trunk Fat percentage Vs Calculated free testosterone before adjusting for co-variates:


[bookmark: _Hlk75250302]Figure 9.6: Total fat mass Vs Calculated free testosterone before adjusting for co-variates:




Figure 9.7: Total fat percentage Vs Calculated free testosterone before adjusting for co-variates:



Figure 9.8: Total fat percentage Vs Calculated free testosterone before adjusting for co-variates:


Table 9.5: Linear regression analysis of Trunk Fat % Vs TT after adjusting for co-variates
	R = 0.855
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Trunk fat %
	B
	Std. Error
	Beta
	
	

	(Constant)
	7.708
	6.98
	 
	1.11
	0.27

	Age
	-0.037
	0.07
	-0.05
	-0.56
	0.58

	BMI
	0.91
	0.10
	0.77
	9.56
	0.000

	SHBG
	0.066
	0.03
	0.21
	2.29
	0.026

	TT
	-0.489
	0.27
	-0.17
	-1.83
	0.07




Table 9.6: Linear regression analysis of Trunk Fat % Vs cFT after adjusting for co-variates
	R = 0.855
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Trunk fat %
	B
	Std. Error
	Beta
	
	

	(Constant)
	5.88
	6.34
	 
	0.93
	0.36

	Age
	-0.03
	0.06
	-0.03
	-0.40
	0.69

	BMI
	0.95
	0.09
	0.80
	10.76
	0.000

	SHBG
	0.02
	0.03
	0.06
	0.77
	0.45

	cFT
	-16.50
	9.19
	-0.16
	-1.80
	0.08






Table 9.7: Linear regression analysis of Trunk Fat % Vs cBT after adjusting for co-variates

	R = 0.855
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Trunk fat %
	B
	Std. Error
	Beta
	
	

	(Constant)
	8.396
	7.35
	 
	1.14
	0.26

	Age
	-0.037
	0.07
	-0.05
	-0.56
	0.58

	BMI
	0.914
	0.10
	0.78
	9.64
	0.000

	SHBG
	0.042
	0.02
	0.13
	1.73
	0.09

	cBT
	-1.525
	0.85
	-0.15
	-1.79
	0.08



Table 9.8: Linear regression analysis of Tot Fat % Vs TT after adjusting for co-variates

	R = 0.856
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Tot fat %
	B
	Std. Error
	Beta
	
	

	(Constant)
	4.756
	6.008
	 
	0.79
	0.432

	Age
	0.058
	0.056
	0.089
	1.05
	0.300

	BMI
	0.776
	0.082
	0.761
	9.46
	0.000

	SHBG
	0.061
	0.025
	0.22
	2.45
	0.017

	TT
	-0.472
	0.23
	-0.192
	-2.05
	0.045




Table 9.9: Linear regression analysis of Tot Fat % Vs cFT after adjusting for co-variates

	R = 0.851
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Tot fat %
	B
	Std. Error
	Beta
	
	

	(Constant)
	1.49
	5.54
	 
	0.27
	0.79

	Age
	0.08
	0.06
	0.12
	1.44
	0.16

	BMI
	0.82
	0.08
	0.81
	10.65
	0.000

	SHBG
	0.02
	0.02
	0.07
	0.87
	0.39

	cFT
	-12.62
	8.03
	-0.14
	-1.57
	0.12



Table 9.10: Linear regression analysis of Tot Fat % Vs cBT after adjusting for co-variates
	R = 0.855
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	Tot fat %
	B
	Std. Error
	Beta
	
	

	(Constant)
	5.183
	6.35
	 
	0.82
	0.42

	Age
	0.06
	0.06
	0.09
	1.06
	0.30

	BMI
	0.781
	0.08
	0.77
	9.54
	0.000

	SHBG
	0.038
	0.02
	0.14
	1.80
	0.08

	cBT
	-1.437
	0.74
	-0.17
	-1.95
	0.06





[bookmark: _Toc94007829]9.2.3: Effect of testosterone therapy on body composition (as measured by DEXA scanner) at 6 months:

Only 48 patients had DEXA scans on both baseline and at 6 months as the sponsors had temporarily halted DEXA scanning due to MHRA review of the same. Hence there were only 24 patients on each arm. There was no significant difference in either the fat mass or lean mass between the active and placebo group apart from Left leg fat mass which significantly decreased in the active group compared to placebo group. (p = 0.03) as shown in the table 9.11   And figure 9.9. There was no significant change in the truncal fat or lean mass either after 6 months of treatment although there was mild reduction in the truncal fat percentage in the active group though not statistically significant.
[bookmark: _Hlk73008726]Table 9.11: Effect of testosterone therapy on body composition (as measured by DEXA scan) at 6 months:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Comparison of Delta (V2 - V0) measurements between Active and placebo groups
	

	Variable
	Active group
	Placebo group
	 
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference
	

	
	Visit 0
	Visit 2 
	Visit 0
	Visit 2 
	
	
	
	
	

	
	Mean
	SD
	Mean 
	SD
	Mean
	SD
	Mean 
	SD
	P value
	
	
	Lower
	Upper
	

	L arm Fat mass(g)
	1818.0
	536.8
	1803.0
	754.8
	2043.3
	784.8
	2066.3
	831.2
	0.68
	-38.1
	93.5
	-226.6
	149.9
	 

	L arm lean mass(g)
	3711.0
	531.4
	3719.0
	610.6
	3670.6
	766.8
	3768.8
	759.9
	0.49
	-90.2
	130.0
	-352.1
	171.4
	 

	L arm Total mass(g)
	5749.0
	709.4
	5815.0
	1081.2
	5930.8
	1362.6
	6058.5
	1410.5
	0.72
	-61.7
	174.4
	-413.3
	289.0
	 

	L arm fat %
	31.4
	7.3
	30.3
	7.0
	33.8
	6.4
	33.4
	6.6
	0.29
	-0.68
	0.63
	-1.94
	0.58
	 

	R arm Fat mass(g)
	1915.0
	506.1
	1908.0
	719.1
	2158.2
	718.8
	2055.5
	663.6
	0.35
	95.7
	102.8
	-110.6
	303.2
	 

	R arm lean mass(g)
	3893.4
	513.7
	3946.5
	596.1
	3882.0
	727.1
	3850.5
	690.2
	0.49
	84.6
	120.3
	-157.6
	326.8
	 

	R arm Total mass(g)
	6032.9
	6081.0
	717.9
	1067.0
	6261.7
	1228.0
	6128.5
	1043.8
	0.39
	-5181.8
	207.8
	-236.9
	599.5
	 

	R arm fat %
	31.5
	6.3
	30.8
	6.5
	34.1
	6.3
	33.2
	7.0
	0.79
	0.17
	0.63
	-1.11
	1.44
	 

	Trunk Fat mass(g)
	21783.0
	8203.7
	20993.0
	8540.4
	23197.9
	11655.4
	22373.6
	10988.4
	0.95
	34.4
	580.0
	-1133.3
	1201.8
	 

	
	Active group
	Placebo group
	
	Mean Difference
	Std. Error Difference
	
	

	
	Visit 0
	Visit 2
	Visit 0
	Visit 2
	
	
	
	Lower
	Upper
	

	Trunk lean mass(g)
	37700.0
	3549.2
	38166.0
	4101.8
	38289.7
	5737.3
	38380.8
	5697.5
	0.48
	374.9
	521.2
	-676.6
	1421.5
	 

	Trunk Total mass(g)
	60276.0
	10644.5
	59668.0
	11595.8
	62299.0
	16220.6
	61567.3
	15546.5
	0.89
	123.7
	901.2
	-1690.1
	1937.9
	 

	Trunk fat %
	35.1
	7.0
	33.6
	6.9
	35.7
	7.4
	34.9
	7.4
	0.17
	-0.68
	0.49
	-1.66
	0.30
	 

	L leg Fat mass(g)
	4735.6
	1749.9
	4388.6
	1569.8
	4987.7
	1681.0
	4909.6
	1862.4
	0.03*, S
	-268.9
	122.3
	-514.9
	-22.8
	 

	L leg lean mass(g)
	10276.0
	1108.5
	10037.0
	1304.6
	10107.6
	1923.1
	10221.6
	2500.8
	0.17
	-353.0
	250.5
	-856.7
	151.6
	 

	L leg Total mass(g)
	15547.0
	2539.9
	14966.0
	2342.8
	15656.4
	3199.9
	15187.1
	4925.4
	0.85
	-111.7
	588.0
	-1296.0
	1071.0
	 

	L leg fat %
	29.7
	6.5
	28.7
	6.8
	31.5
	5.9
	30.9
	6.2
	0.50
	-0.36
	0.53
	-1.43
	0.71
	 

	R leg Fat mass(g)
	4888.6
	1779.6
	4602.0
	1693.0
	5190.3
	1742.9
	5067.9
	1773.5
	0.16
	-164.2
	116.2
	-398.1
	69.7
	 

	R leg lean mass(g)
	10039.0
	2224.5
	10368
	1621.5
	10252.3
	1932.2
	10540.8
	2347.0
	0.94
	40.4
	503.4
	-972.1
	1054.5
	 

	R leg Total mass(g)
	15869.8
	2510.7
	15500.9
	2457.6
	15981.8
	3376.8
	16148.7
	3769.0
	0.05*, S
	-535.9
	284.5
	-1108.6
	36.8
	 

	R leg fat %
	30.1
	6.7
	29.1
	6.8
	32.0
	5.5
	31.0
	5.7
	1.00
	0.00
	0.52
	-1.05
	1.05
	 

	Sub-total Fat mass(g)
	35140.0
	11857.2
	33435.0
	11940.3
	66204.4
	10474.9
	66762.6
	11040.6
	0.36
	-2263.2
	646.8
	-1906.5
	697.2
	 

	Sub-total lean mass(g)
	63449.0
	13401.3
	66307.0
	6511.0
	37573.1
	15764.5
	36473.0
	15320.6
	0.39
	3958.1
	2662.7
	-3059.6
	7659.7
	 

	
	Active group
	Placebo group
	
	Mean Difference
	Std. Error Difference
	
	

	
	Visit 0
	Visit 2
	Visit 0
	Visit 2
	
	
	
	Lower
	Upper
	

	Sub-total Total mass(g)
	103474.0
	15430.0
	102030.0
	16151.7
	106129.7
	24380.2
	105590.3
	24120.6
	0.36
	-904.6
	974.7
	-2866.1
	1057.7
	 

	Sub-total fat %
	33.2
	6.6
	32.0
	6.6
	34.4
	6.3
	33.6
	6.4
	0.32
	-0.43
	0.43
	-1.30
	0.43
	 

	Tot Fat mass(g)
	35568.0
	13551.1
	34734.0
	11991.3
	38874.1
	15793.6
	37769.7
	15376.4
	0.82
	270.5
	1189.5
	-2123.6
	2665.2
	 

	Tot lean mass(g)
	69445.0
	6080.0
	69808.0
	6745.3
	69652.5
	10610.4
	70222.5
	11227.4
	0.75
	-207.0
	655.1
	-1525.4
	1111.7
	 

	Tot Total mass(g)
	108740.0
	15721.4
	107420.0
	16458.2
	111444.7
	24484.4
	110905.1
	24344.4
	0.43
	-780.4
	974.1
	-2740.1
	1181.2
	 

	Tot fat %
	32.8
	6.3
	31.6
	6.3
	33.9
	6.1
	33.2
	6.2
	0.33
	-0.40
	0.41
	-1.24
	0.43
	 

	Unpaired t test 
 
*P < 0.05, Sig.
 
P > 0.05, NS
 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	







Figure 9.9: Effect of testosterone on Left leg fat mass after 6 months of treatment



[bookmark: _Toc94007830]9.2.4: 12-month data in the active arm – Body composition as measured by DEXA scan:

There were no significant changes in either fat mass or lean mass as measured by DEXA scan before and after treatment with testosterone in the active group   as shown in table 9.12.


Table 9.12.  Mean values of body composition at baseline (0), 3, 6, 9 and 12 months post testosterone treatment in the active group.

	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	F Value
	P Value

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	L arm Fat mass(g)
	Visit 0
	28
	1750.6
	534.92
	101.09
	1543.16
	1958.00
	0.413
	0.663

	
	Visit 2
	25
	1777.3
	749.77
	149.95
	1467.76
	2086.74
	
	

	
	Visit 4
	24
	1622.2
	628.35
	128.26
	1356.83
	1887.49
	
	

	L arm lean mass(g)
	Visit 0
	28
	3625.1
	541.59
	102.35
	3415.08
	3835.09
	0.495
	0.612

	
	Visit 2
	25
	3763.9
	638.71
	127.74
	3500.23
	4027.52
	
	

	
	Visit 4
	24
	3766.1
	602.19
	122.92
	3511.78
	4020.35
	
	

	L armTotal mass(g)
	Visit 0
	28
	5589.7
	780.65
	147.53
	5287.04
	5892.45
	0.546
	0.582

	
	Visit 2
	25
	5833.7
	1062.62
	212.52
	5395.06
	6272.32
	
	

	
	Visit 4
	24
	5606.8
	944.31
	192.76
	5208.09
	6005.58
	
	

	L arm fat %
	Visit 0
	28
	31.0
	7.01
	1.32
	28.31
	33.75
	0.898
	0.412

	
	Visit 2
	25
	29.8
	7.25
	1.45
	26.85
	32.83
	
	

	
	Visit 4
	24
	28.4
	7.03
	1.44
	25.42
	31.36
	
	

	R arm Fat mass(g)
	Visit 0
	28
	1856.2
	513.95
	97.13
	1656.92
	2055.50
	0.851
	0.431

	
	Visit 2
	25
	1881.8
	716.40
	143.28
	1586.04
	2177.48
	
	

	
	
	N
	Mean
	Std. Deviation
	Std. Error
	Lower Bound
	Upper Bound
	
	

	
	Visit 4
	24
	1686.0
	456.10
	93.10
	1493.40
	1878.59
	
	

	R arm lean mass(g)
	Visit 0
	28
	3793.9
	547.61
	103.49
	3581.53
	4006.21
	0.663
	0.518

	
	Visit 2
	25
	3983.2
	611.63
	122.33
	3730.73
	4235.67
	
	

	
	Visit 4
	24
	3866.6
	646.33
	131.93
	3593.72
	4139.56
	
	

	R armTotal mass(g)
	Visit 0
	28
	5869.3
	811.40
	153.34
	5554.72
	6183.97
	0.906
	0.409

	
	Visit 2
	25
	6093.3
	1046.39
	209.28
	5661.36
	6525.21
	
	

	
	Visit 4
	24
	8323.5
	12689.16
	2590.16
	2965.29
	13681.61
	
	

	R arm fat %
	Visit 0
	28
	31.3
	6.17
	1.17
	28.94
	33.72
	0.795
	0.455

	
	Visit 2
	25
	30.4
	6.78
	1.36
	27.58
	33.18
	
	

	
	Visit 4
	24
	29.1
	6.35
	1.30
	26.40
	31.76
	
	

	Trunk Fat mass(g)
	Visit 0
	28
	20732.2
	8131.49
	1536.71
	17579.19
	23885.31
	0.807
	0.45

	
	Visit 2
	25
	20742.9
	8453.42
	1690.68
	17253.50
	24232.30
	
	

	
	Visit 4
	24
	18257.6
	7086.90
	1446.61
	15265.02
	21250.09
	
	

	Trunk lean mass(g)
	Visit 0
	28
	36671.8
	4346.15
	821.35
	34986.55
	38357.07
	1.084
	0.343

	
	Visit 2
	25
	38406.0
	4191.21
	838.24
	36675.94
	40136.04
	
	

	
	Visit 4
	24
	46059.8
	42639.68
	8703.79
	28054.62
	64064.93
	
	

	Trunk Total mass(g)
	Visit 0
	28
	58165.3
	11456.36
	2165.05
	53722.96
	62607.58
	0.743
	0.479

	
	Visit 2
	25
	59670.4
	11351.65
	2270.33
	54984.67
	64356.13
	
	

	
	Visit 4
	24
	55866.1
	9997.14
	2040.66
	51644.65
	60087.50
	
	

	Trunk fat %
	Visit 0
	28
	34.6
	6.76
	1.28
	31.93
	37.17
	1.083
	0.344

	
	Visit 2
	25
	33.3
	6.96
	1.39
	30.41
	36.16
	
	

	
	Visit 4
	24
	31.8
	6.57
	1.34
	29.01
	34.56
	
	

	L leg Fat mass(g)
	Visit 0
	28
	4567.9
	1683.48
	318.15
	3915.14
	5220.71
	0.381
	0.685

	
	Visit 2
	25
	4311.2
	1584.83
	316.97
	3657.00
	4965.37
	
	

	
	
	N
	Mean
	Std. Deviation
	Std. Error
	Lower Bound
	Upper Bound
	
	

	
	Visit 4
	24
	4158.1
	1885.69
	384.91
	3361.82
	4954.33
	
	

	L leg lean mass(g)
	Visit 0
	28
	9947.2
	1319.61
	249.38
	9435.55
	10458.94
	1.001
	0.372

	
	Visit 2
	25
	10095.5
	1309.99
	262.00
	9554.74
	10636.21
	
	

	
	Visit 4
	24
	13733.7
	19060.48
	3890.70
	5685.12
	21782.19
	
	

	L leg Total mass(g)
	Visit 0
	28
	15034.9
	2687.42
	507.87
	13992.80
	16076.94
	0.232
	0.793

	
	Visit 2
	25
	14949.6
	2294.84
	458.97
	14002.34
	15896.87
	
	

	
	Visit 4
	24
	14559.4
	2894.34
	590.81
	13337.23
	15781.58
	
	

	L leg fat %
	Visit 0
	28
	29.7
	6.10
	1.15
	27.31
	32.04
	0.665
	0.517

	
	Visit 2
	25
	28.3
	7.07
	1.41
	25.34
	31.17
	
	

	
	Visit 4
	24
	27.6
	6.82
	1.39
	24.73
	30.49
	
	

	R leg Fat mass(g)
	Visit 0
	28
	4700.6
	1723.98
	325.80
	4032.16
	5369.14
	1.049
	0.355

	
	Visit 2
	25
	17873.7
	66565.80
	13313.16
	-9603.34
	45350.69
	
	

	
	Visit 4
	24
	4273.1
	1932.29
	394.43
	3457.19
	5089.05
	
	

	R leg lean mass(g)
	Visit 0
	28
	9804.2
	2142.88
	404.97
	8973.28
	10635.12
	1.305
	0.277

	
	Visit 2
	25
	13873.2
	17141.34
	3428.27
	6797.61
	20948.81
	
	

	
	Visit 4
	24
	10247.1
	1386.76
	283.07
	9661.56
	10832.72
	
	

	R leg Total mass(g)
	Visit 0
	28
	15374.5
	2654.89
	501.73
	14345.01
	16403.92
	0.17
	0.844

	
	Visit 2
	25
	15468.9
	2411.18
	482.24
	14473.61
	16464.18
	
	

	
	Visit 4
	24
	15045.3
	2931.59
	598.41
	13807.35
	16283.15
	
	

	R leg fat %
	Visit 0
	28
	29.9
	6.32
	1.20
	27.42
	32.33
	0.751
	0.475

	
	Visit 2
	25
	28.6
	7.13
	1.43
	25.64
	31.53
	
	

	
	Visit 4
	24
	27.6
	6.91
	1.41
	24.66
	30.50
	
	

	[bookmark: _Hlk73014795]subtot Fat mass(g)
	Visit 0
	28
	33250.5
	12116.51
	2289.81
	28552.21
	37948.80
	0.568
	0.569

	
	Visit 2
	25
	32981.1
	11907.15
	2381.43
	28066.11
	37896.18
	
	

	
	
	N
	Mean
	Std. Deviation
	Std. Error
	Lower Bound
	Upper Bound
	
	

	
	Visit 4
	24
	30037.4
	11329.07
	2312.54
	25253.52
	34821.21
	
	

	subtot lean mass(g)
	Visit 0
	28
	61980.8
	13013.02
	2459.23
	56934.91
	67026.75
	1.617
	0.205

	
	Visit 2
	25
	66736.9
	6725.86
	1345.17
	63960.64
	69513.24
	
	

	
	Visit 4
	24
	64602.5
	7319.37
	1494.06
	61511.76
	67693.16
	
	

	subtot Total mass(g)
	Visit 0
	28
	131819.4
	168838.16
	31907.41
	66350.80
	197288.00
	0.955
	0.389

	
	Visit 2
	25
	102015.9
	15811.82
	3162.36
	95489.11
	108542.71
	
	

	
	Visit 4
	24
	170051.0
	249204.96
	50868.75
	64820.98
	275281.03
	
	

	subtot fat %
	Visit 0
	28
	32.8
	6.30
	1.19
	30.36
	35.25
	1.046
	0.356

	
	Visit 2
	25
	31.6
	6.79
	1.36
	28.75
	34.36
	
	

	
	Visit 4
	24
	30.2
	6.40
	1.31
	27.49
	32.90
	
	

	Tot Fat mass(g)
	Visit 0
	28
	34142.2
	13167.39
	2488.40
	29036.41
	39247.97
	0.484
	0.618

	
	Visit 2
	25
	34282.3
	11954.49
	2390.90
	29347.75
	39216.89
	
	

	
	Visit 4
	24
	31250.4
	11350.71
	2316.95
	26457.40
	36043.37
	
	

	Tot lean mass(g)
	Visit 0
	28
	67574.6
	7512.19
	1419.67
	64661.66
	70487.50
	0.986
	0.378

	
	Visit 2
	25
	70242.9
	6952.08
	1390.42
	67373.18
	73112.53
	
	

	
	Visit 4
	24
	67998.9
	7452.72
	1521.28
	64851.85
	71145.87
	
	

	Tot Total mass(g)
	Visit 0
	28
	105248.8
	17336.68
	3276.32
	98526.36
	111971.28
	0.862
	0.426

	
	Visit 2
	25
	107410.7
	16111.76
	3222.35
	100760.07
	114061.28
	
	

	
	Visit 4
	24
	142702.7
	201010.89
	41031.18
	57823.28
	227582.19
	
	

	Tot fat %
	Visit 0
	28
	32.4
	6.03
	1.14
	30.05
	34.73
	0.997
	0.374

	
	Visit 2
	25
	31.2
	6.50
	1.30
	28.54
	33.91
	
	

	
	Visit 4
	24
	29.9
	6.20
	1.27
	27.32
	32.56
	
	




[bookmark: _Toc94007831]9.3. Discussion:

Although there are many studies looking at effects of testosterone on body composition(Sinclair et al., 2016; Hoyos et al., 2012), there are only a handful of RCTs looking at the effect of TRT in diabetes cohort with hypogonadism especially using Dual energy X-ray absorptiometry (DEXA scanners)(Dhindsa et al., 2016; Gianatti et al., 2014a). Most other studies have measured body composition by anthropometric or impedance measurements which are not as accurate as DEXA scan measurements. Authors of an article in BMJ(Han, Sattar and Lean, 2006) however conclude that Waist circumference is still arguably better and simple way to measure visceral fat  and other methods like  bioimpedance do not add greatly. 

Our study looked at the effect of intramuscular testosterone deaconate (nebido) on body composition as measured by DEXA scans in patients with poorly controlled type 2 diabetes mellitus and hypogonadism. Baseline data showed that there was significant and strong inverse correlation between truncal fat percentage and total testosterone (TT)/ calculated free testosterone (cFT) and calculated bioavailable testosterone (cBT) with P value less than 0.05. The inverse relationship remained significant after correcting for covariates like age, BMI, SHBG in linear regression model for total testosterone but not for cFT and cBT. There was positive correlation of testosterone with total lean mass however it failed to reach significance. These finding are similar to other studies in literature which have demonstrated this strong inverse bidirectional relationship between total testosterone and body fat especially truncal fat(Simon et al., 1997; Vermeulen, Goemaere and Kaufman, 1999; Khaw and Barrett-Connor, 1992; van den Beld et al., 2000). 

There are several mechanisms by which testosterone acts on various obesity related targets enumerated in the review article by our group(Kelly and Jones, 2015). It also includes aromatase in fat cells converting testosterone to oestradiol. Testosterone deficiency states permits adipocyte production(Singh et al., 2003) through activation of TCF-4 (T-cell specific transcription factor 4) by translocation of an androgen receptor -beta- catenin complex into nucleus which leads to down regulation of the adipogenic transcription factors(Singh et al., 2006) Converse outcome of weight loss either by very low energy diet (VLED diet)(Kaukua et al., 2003a) or bariatric surgery(Hammoud et al., 2009) leads to substantial increase in total testosterone proportional to the amount of weight loss(Grossmann, Gianatti and Zajac, 2010). 

Data from phase 1 of our trial (randomised 6 months) showed that there was no significant difference in either the fat mass or the lean mass between placebo and active group after 6 months treatment of intra muscular testosterone undecanoate apart from left leg fat mass which was significantly reduced in the active group compared to placebo group. (p=0.03). Similarly, there was no significant increase in the lean mass at 6 months point either. The same trend was noticed in all the subcomponents of body composition measured in the DEXA scan -limb fat, truncal fat, subtotal and total fat mass and percentages. 

As discussed in detail in chapter 5, there was no significant changes in mean weight, BMI, WC, WHR, fat mass, fat percentage or fat free mass as measured by using TANITA  BF-300 body fat analyser between the two groups after 6 months of treatment with TRT. DEXA scan findings substantiated this finding.

There was no significant difference in fat or lean mass in any of the subcomponents of body composition before and after testosterone treatment in the active arm of the study which includes both phase 1 and 2 of the study at 3,6, and 12 months. However, there was a decrease in truncal, limb and fat mass and percentage that was observed in the active group before and after treatment of testosterone but did not attain significance. This suggests that 12 months may not be sufficient to show the positive body composition changes of TRT and it may need some more time to approach significance as shown in several other studies in literature. 

As discussed in detail in chapter 5, there was no significant changes in mean weight, BMI, WC, WHR, fat percentage or fat free mass as measured by using TANITA  BF-300 body fat analyser before and after treatment of TRT at baseline, 3, 6, 9 and 12 months in the active group. DEXA scan findings were similar too and hence consistent with this finding.

This finding is different to some of the studies in literature which have shown favourable effects of testosterone on body composition(Gianatti et al., 2014a; Dhindsa et al., 2016). Gianatti et al(Gianatti et al., 2014a) in their RCT of 88 men with type 2 diabetes showed intra muscular testosterone therapy for 40 weeks did decrease fat mass (MAD −2.38 kg [−3.10 to −1.66]; P < 0.001) and increase in lean mass (MAD 2.08 kg [1.52–2.64]; P < 0.001). Testosterone therapy reduced subcutaneous (MAD −320 cm3 [−477 to −163]; P < 0.001) but not visceral abdominal adipose tissue (MAD 140 cm3 [−89 to 369]; P = 0.90). Our RCT did not show similar findings. This may be due to certain limitations in our trial. Our study is a small study and wasn’t powered to look at the effect of TRT on body composition. Although our trial recruited 65 patients, only 48 patients had the DEXA scan at baseline and 6 months interval. This was due to a temporary halt in the trial by the sponsors which meant many of the participants couldn’t have the DEXA scan at the stipulated intervals hence reducing the sample size of the cohort for measurement of body composition. Further, 6 months interval may be too small an interval to see these positive changes in body composition in poorly controlled diabetic population who are already very insulin resistant and obese. Due to the ethics committee restricting the randomisation interval only to 6 months rather than the requested 12 months meant that the randomisation had to be unblinded at 6 months interval and all the patients on placebo arm received active treatment at 6 months. We however are following up the patients in the follow up to our current study in another approved study called STRIDE FORWARD study which is a 5 year follow up study. This study may show the positive and favourable body composition in our insulin resistant cohort as the patients are followed up for long enough duration however this is going to be non-randomised and open labelled registry study. The duration of time needed for these physical changes in fat and lean mass may in turn determine the change in insulin resistance and improvement in glycaemic control which were not significant in our study again. Yet another limitation of our trial is the use of DEXA scan to measure body composition rather than CT or MRI scan which are rendered gold standard for visceral fat measurement. Although DEXA scan may be a good tool for measurement of subcutaneous fat, it may not be the accurate for visceral fat measurement.

Fourman et al in their study(Fourman et al., 2019) of Comparison of visceral fat measurement by dual-energy X-ray absorptiometry to computed tomography in HIV and non-HIV participants showed that DEXA underestimated changes in visceral fat cross-sectional area (VAT) over time in men and women, irrespective of HIV status. And in contrast to the cross-sectional findings, the tendency for DXA to underestimate longitudinal changes in VAT was evident in both men and women. Analogous findings were seen among controls in cross-sectional and longitudinal analyses.

[bookmark: _Toc94007832]9.4: Conclusions:

There was significant and strong inverse correlation between truncal fat percentage and total testosterone (TT)/ calculated free testosterone (cFT) and calculated bioavailable testosterone (cBT) and it remained significant after correcting for covariates like age, BMI, SHBG in linear regression model for total testosterone but not for cFT and cBT. There was no significant difference in limb, truncal or total body fat mass or percentage between active and placebo groups after 6 months of testosterone treatment apart from left leg fat mass which was significantly lesser in the active group after 6 months of testosterone treatment. Similarly, there was no significant difference in total lean mass or percentage between the groups. There was no difference in the body composition in the active arm before and after treatment of testosterone at 3, 6 or 12 months.
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CHAPTER 10: EVALUATION OF THE EFFECT OF TESTOSTERONE REPLACEMENT THERAPY ON SYSTEMIC INFLAMMATION AND GENE EXPRESSION IN MONOCYTES AND MACROPHAGES.

[bookmark: _Toc94007834]10.1 Introduction:

	
Atherosclerosis is usually seen as a state of chronic inflammation and inflammation seems play a key role in various steps starting from initiation, progression and rupture of atherosclerotic plaque(Ross, 1999). A complex play between cytokines, chemokines, adhesion molecules, bioactive lipid molecules such as various lipoproteins attract a variety of inflammatory cells like macrophages and monocytes following the endothelial cell injury which results in cascade of inflammatory process at the arterial wall(Chistiakov et al., 2018; Ranjit et al., 2007; Swirski, Nahrendorf and Libby, 2016). These inflammatory messengers then play a role in plaque destabilisation, bleeding and thrombosis(Liu et al., 2008; Libby, 2001) causing a clinical translation into coronary artery events and cerebral artery events like myocardial infarction, transient ischaemic attack and cerebrovascular accidents. Increased levels of circulating pro-inflammatory cytokines have hence been associated with high incidence of cardiovascular events and type 2 diabetes mellitus by many studies(Ridker et al.; Jenny et al., 2002; Koenig et al., 2004). Hence, it’s fair to say that an extremely strong association exists between the two. Prevention and modulation of inflammation hence has been a target of much interest to decrease the MACE events in population for several years in the scientific community.

	Several interventional studies have demonstrated the immune-modulatory effect of testosterone both in vivo(Malkin et al., 2004a; Wu et al., 2009; Corrales et al., 2006; Musabak et al., 2003; Corrales et al., 2009) and in vitro(Corcoran et al., 2010; Hofbauer, Ten and Khosla, 1999; Bellido et al., 1995; Li, Danis and Brooks, 1993; D'Agostino et al., 1999; Gornstein et al., 1999; Hatakeyama et al., 2002; Liva and Voskuhl, 2001). Many studies have shown positive anti-inflammatory effect of testosterone(Malkin et al., 2004a; Musabak et al., 2003; Corrales et al., 2006; Nakhai-Pour et al., 2007; Kapoor et al., 2007b; Guler et al., 2006; Kalinchenko et al., 2010a). Our own group in the past has demonstrated a significant reduction in circulating TNF-alpha and IL-1beta (pro-inflammatory cytokines) and a significant increase in IL-10 levels (anti-inflammatory cytokine) after testosterone therapy in 27 hypogonadal men in a randomised single blind placebo controlled cross over study(Malkin et al., 2004a). A significant proportion of these men (20 out of 27) had pre-existing CAD within this cohort indicating that these men with over vascular disease already had a pro-inflammatory state. But another study from our own group did not show such changes in TNF-alpha, IL-6 and CRP levels after three months of treatment with testosterone in another RCT(Kapoor et al., 2007b) however, this study population was in hypogonadal men with type 2 diabetes and only 5 patients out of 20 in this study had IHD and this could explain the negative effect on TNF alfa observed in this study. The total testosterone levels however inversely correlated with IL-6 and CRP levels. There hence exists variability and inconsistency in the literature with regards to testosterone’s immune-modulatory effect. Wu X-y et al have shown there is a significant reduction in highly sensitive C- reactive protein (hsCRP) in hypogonadotropic hypogonadal young males after TRT(Wu et al., 2009). Giltay et al also showed similar profound decline in CRP levels following testosterone treatment in an open non-randomised trial(Giltay et al., 2008). This however is not the case in some other clinical trials(Singh et al., 2002; Nakhai-Pour et al., 2007; Kapoor et al., 2007b; Ng et al., 2002).

	Hence this variability in evidence demands more studies to look at the effects of testosterone on inflammatory bio-markers in detail. We hence in this chapter explore and investigate the effect of testosterone undecanoate on the expression of such inflammatory biomarker genes in monocytes and monocyte-derived macrophages isolated from hypogonadal men with poorly controlled type 2 diabetes and compare with patients receiving placebo

	
Cytokines, Chemokines and Adhesion molecules: 

	Immune cells such as leukocytes and monocytes play a major role in inflammation of endothelium which is the hallmark process in atherosclerosis(Wang H, 2015). Cytokines which includes Interleukins (IL), Tumour necrosis factor – alfa (TNF-alfa), interferons, colony stimulating factors (CSF) and chemokines are signalling proteins that regulate inflammation by either pro-inflammatory or anti-inflammatory functions.  IL-6, IL-1beta, TNF- alfa and interferons are pro-inflammatory cytokines predominantly produced by activated macrophages, neutrophils and endothelial cells which causes local inflammation at the atherogenic plaque(Ait-Oufella et al., 2011; Frostegård et al., 1999).
	
	Adhesion molecules on the other hand are proteins that mediate cell to cell and cell to extracellular matrix contact and adhesion(Zhu et al., 2018). Adhesion molecules play an important role in development of atherosclerotic plaques(Price and Loscalzo, 1999). Adhesion molecules belong to one of the three families- selectin, intergrin or Immunoglobulin super family (IgSF). Intracellular adhesion molecule -1 (ICAM-1) is an important member of the immunoglobulin super family. ICAM-1 expression promotes macrophage proliferation resulting in large number of macrophage recruitment in the plaque making the plaque unstable(Mantovani, Garlanda and Locati, 2009). It along with Vascular adhesion molecule – 1 (VCAM-1) also promotes neovascularisation which are immature and brittle vessels(Fotis et al., 2012). Interferon regulatory factor-3 (IRF-3) a pro-atherogenic mediator also directly modulates ICAM-1 and VCAM-1(Okon, Ding and Zou, 2017).

	Toll-like receptor 2 and 4 are receptors in innate immune responses which leads to production of cytokines via transcription factors NF-ƙB(Medzhitov, 2001). Toll receptor signalling causes activation of inflammation and lipid accumulation leading to plaque instability and progression(Yvan-Charvet et al., 2008). These receptors signalling also promotes release of CCL-2, IL-1alfa and IL-6. Devraj et al have shown that there is increased levels of Toll-like receptors 2 and 4 expression, activity and signalling in monocytes with diabetes compared to matched controls(Dasu et al., 2010; Devaraj et al., 2009) as well as in patients with metabolic syndrome (Jialal et al., 2012) contributing to pro-inflammatory state and hence causing insulin resistance and increased cardiovascular risk.The TLRs, TLR2 and TLR4 also play an important role in atherosclerosis(Mullick, Tobias and Curtiss, 2006).

	 CCL2 is a chemokine and was the first one to be implicated in atherogenesis. It is also known as Monocyte chemoattractant protein – 1 (MCP-1). CCL-2 along with its receptors are expressed in activated endothelial cells and leukocytes. The levels are also elevated in systemic circulation of patients with acute coronary syndrome(de Lemos et al., 2003). Once CCL-2 and receptors gets activated, it induces gene transcription that leads to increased release of adhesion molecules in leukocytes and endothelium cells(Thelen, 2001). CCL-2 also recruits monocytes to the site of inflammation(Boring et al., 1998).
	
	Scavenger receptor class B type 1 (SCARB1) protein is characterised as a high-density lipoprotein (HDL) receptor(Acton et al., 1996). It exerts a major effect on subclinical atherosclerosis and incident cardiovascular disease in humans(Manichaikul et al., 2012; Naj et al., 2010; Fox et al., 2004).

[bookmark: _Toc94007835]10.2 Aims


· To evaluate the effect of testosterone Undecanoate (nebido) on serum inflammatory cytokines and biomarkers


· To evaluate the effect of testosterone Undecanoate (nebido) on gene expression of inflammatory targets in monocytes and monocyte-derived macrophages

[bookmark: _Toc94007836]10.3 Methods

	
The details of the methods are discussed in chapter 3. Eight patients who had high CRP levels of equal to and more than 10 mg/l were excluded from the analysis to ensure we did not include participants who had active infection or inflammation. Cytometric bead array method was used to determine the serum inflammatory cytokines and biomarkers using the serum sample obtained from our RCT. Monocytes were isolated from patient’s serum were treated with testosterone in vitro and analysed by qRT-PCR looking at the gene expression of various inflammatory pathways. We also cultured macrophages from these monocytes in vitro and these monocyte-derived macrophages were treated with testosterone in vitro and the inflammatory profile (gene expression) analysed by qRT-PCR. The majority of the laboratory work was done by Lauren Bateman and the results are part of her PhD thesis(Bateman, September 2020).

[bookmark: _Toc94007837]10.4 Results:

[bookmark: _Toc94007838]10.4.1 The effect of testosterone serum cytokines in patients with hypogonadism and type 2 diabetes following testosterone replacement therapy 

Serum cytokines and bio messengers (IL-1β, IL-6, IL-10, TNFα, IFNγ, TGFβ, MCP-1, CX3CR1, VCAM-1, ICAM-1, E-selectin and L-selectin) were measured using Cytometric Bead Array (CBA) which is a flow cytometry application and combines principles of ELISA and flow cytometry. The method is described in detail in the Methodology chapter (chapter 4).
It’s a less sensitive method compared to ELISA testing and most of the values were below the detectable range and hence we were not able to analyse the data between active and placebo group. 







[bookmark: _Toc94007839]10.4.2 The effect of testosterone on gene expression of inflammatory targets in monocytes from male patients with hypogonadism and type 2 diabetes following testosterone replacement therapy

a. Tumour necrosis factor – alfa (TNFα) gene:
There was a significant down regulation of TNFα gene at 3 months (0.682±0.095 vs 1.388±0.386, P=0.0022) and 6 months (0.682±0.095 vs 1.000±0.000, P=0.0014) post treatment with testosterone undecanoate compared to baseline values. There was also a significant reduction in the TNFα gene expression in the active group compared to placebo group after 6 months of treatment with TU (0.682±0.095 vs 3.450±1.497, P=0.0084) (Figure 10.1).


b. Interleukin 1 beta (IL-1β) gene: 
There was a reduction in interleukin 1 beta expression in messenger RNA in monocytes at 6 months in the active group compared to the placebo group however this did not reach significance (p=0.9673) (Figure 10.1).


c. Interleukin -6 (IL-6) gene: 
There was a downregulation of IL-6 gene expression in monocytes in the active group however failed to reach significance again (p=0.2586) (Figure 10.1).


d. Interleukin 10 (IL-10) gene: 
There was no significant difference in IL-10 gene expression between the groups (p=0.8238) (Figure 10.1).


e. ICAM-1 gene: 
There was an upregulation at 3 months followed by downregulation at 6 months in the testosterone treated group however no statistical significance was reached (p=0.0545) (Figure 10.2).


f. CCL2 gene: 
There was no statistically significant difference in this gene expression between the groups (Figure 10.2).

g. TLR-2 gene: 
There was no statistically significant difference in this gene expression between the groups (Figure 10.2).


h. TLR-4 gene:
There was no statistically significant difference in this gene expression between the groups (Figure 10.2).


i. SCARB-1 gene:
There was no statistically significant difference in this gene expression between the groups (Figure 10.2).


j. IRF3 gene:
There was no statistically significant difference in this gene expression between the groups (Figure 10.2).

Figure 10.1: The effect of in vitro testosterone treatment on gene expression of inflammatory markers in human monocytes. RT-qPCR to determine gene expression of IL-1β, IL-6, IL-10 and TNFα in monocytes isolated from hypogonadal men with T2D following three and six months of TRT (n=21) or placebo (n=31). Results were normalised to individual patient baselines(Bateman, September 2020). 
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Figure 10.2: The effect of in vitro testosterone treatment on gene expression of inflammatory markers in human monocytes. RT-qPCR to determine ICAM-1, CCL2, TLR2, TLR4, SCARB1 and IRF3 gene expression in monocytes isolated from hypogonadal men with T2D following three and six months of TRT (n=16) or placebo (n=15). Results were normalised to individual patient(Bateman, September 2020)
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[bookmark: _Toc94007840]10.4.3 The effect of testosterone on gene expression of inflammatory targets in monocyte-derived macrophages from male patients with hypogonadism and type 2 diabetes following in vitro testosterone replacement therapy 

There was no significant difference in the expression of the same above genes (TNFα, IL- 1β, IL-6, IL-10, ICAM-1, CCL2, TLR2, TLR4, SCARB1 or IRF3) in the monocyte-derived and invitro differentiated macrophages as shown in figure 10.3 and figure 10.4.

Figure 10.3: Gene expression of inflammatory cytokines in human macrophages. Monocytes isolated from hypogonadal male patients with T2DM were treated with testosterone in vitro following macrophage differentiation. Vehicle used was ethanol. Following 24 hours of testosterone treatment RT-qPCR analysis of IL-1β, IL-6, IL-10 and TNFα gene expression was determined(Bateman, September 2020)
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Figure 10.4: Gene expression of inflammatory targets in human macrophages. Monocytes isolated from hypogonadal male patients with T2DM were treated with testosterone in vitro following macrophage differentiation. Vehicle used was ethanol. Following 24 hours of testosterone treatment RT-qPCR analysis for ICAM-1, CCL-2, TLR2, TLR4, SCARB1 and IRF3 gene expression was determined(Bateman, September 2020)
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Inflammation which is a key process in atherosclerosis is a complex process and defining the testosterone effects on the whole process as an entity can be oversimplification of this effect. Hence its effect at various aspects of the inflammatory pathway needs to be studied individually and separately. Our study aims to look at the anti-inflammatory effects of TRT in two different ways. We aim to look at its effect on the circulating cytokines and various adhesion molecules using cytometric array method. We also looked at the expression of genes coding for various cytokines/chemokines and adhesion molecules in peripheral monocytes and cultured macrophages derived from these monocytes.

Effects of TRT on the circulating cytokines in peripheral blood has been studied by various groups including our own group in the past. Malkin et al showed for the first time ever that testosterone caused significant reduction in circulating TNF-Alfa and IL-1 beta as well as significant increase in IL-10 in 27 hypogonadal men in a randomised single blinded placebo-controlled crossover study(Malkin et al., 2004a). 20 out of 27 participants had proven CHD so majority had an active inflammatory condition. Kalinchenko et al showed that in men with metabolic syndrome, there was a significant decrease in CRP, interleukin 1 beta and TNF-alfa in testosterone treated group vs placebo group but interleukin-6 and interleukin 10 did not change significantly in their double blinded placebo-controlled Moscow study(Kalinchenko et al., 2010a). Corrales et al showed that androgen replacement therapy decreased the ex-vivo production of inflammatory cytokines by circulating antigen producing cells in aging type 2 diabetes and partial androgen deficient men(Corrales et al., 2006). Dhindsa et al showed that TRT decreases the circulating concentrations of cytokines in men with type 2 diabetes(Dhindsa et al., 2016).

Our study did not find any significant decrease in circulating inflammatory cytokines (IL- 1 beta, IL-6, IL-10, ICAM-1, CCL2, TLR-2, TLR-4, SCARB-1 or IRF-3 genes) after 6 months of treatment with intramuscular nebido compared to placebo group. This finding is in line with the findings from another study from our group in the past which also showed no such changes in IL-6, TNF-alfa and CRP levels post treatment with testosterone in hypogonadal men with type 2 diabetes mellitus(Kapoor et al., 2007b).

But this may be because we used cytometric array method which is much less sensitive compared to ELISA method which has higher sensitivity. The other possible reason could be because we had only 13.8% who had myocardial infarction and 6.2% who had angina at baseline where as in the study by Malkin et al majority of patients had coronary heart disease (20 out of 27). This would mean the baseline inflammation in these patients with CHD would be associated with increased pro-inflammatory cytokines such as TNF-alfa. Furthermore, peripheral blood levels of cytokines may not tell the story at the tissue level and hence may only be a single piece of the atherosclerosis jigsaw puzzle.

One of the key cells involved at the site of atherogenic process is monocytes(Spranger et al., 2003). The expression of markers of inflammation including TNF-alfa, IL-6, ICAM-1 etc in these monocytes is significantly high in patients with type 2 diabetes which is considered as a pro-inflammatory state(Giulietti et al., 2007). TNF-alfa facilitates inflammatory process in arterial wall by various ways causing endothelial injury(Steyers and Miller, 2014; Zhang et al., 2009; Zhang et al., 2014).

We in our study have shown that testosterone significantly decreases TNF-alfa gene expression in monocytes derived from patients with type 2 diabetes and hypogonadism at 3 months (0.682±0.095 vs 1.388±0.386, P=0.0022) and 6 months (0.682±0.095 vs 1.000±0.000, P=0.0014) after six months of treatment with testosterone undecanoate compared to baseline values. There was a significant reduction in the TNFα gene expression in the active group compared to placebo group (0.682±0.095 vs 3.450±1.497, P=0.0084) after 6 months of treatment with TU 

Two other studies have shown similar effect of testosterone in vitro from cultured peripheral monocytes(Li, Danis and Brooks, 1993; Corrales et al., 2006). Our study results are keeping in line with their results. Other studies have also shown a significant reduction in other inflammatory bio-marker gene expression in monocytes like that of IL-1beta and IL-6 after TRT or gonadotropin treatment(Musabak et al., 2003; Kanda, Tsuchida and Tamaki, 1996; Yesilova et al., 2000) but in our study we saw no significant reduction in expression of other inflammatory bio-messengers ( IL- 1 beta, IL-6, IL-10, ICAM-1, CCL2) or receptors involved in innate immunity (TLR-2, TLR-4, SCARB-1 or IRF-3 genes). This may be because of the small cohort sample (n-31). Also, the expression of these genes in a monocyte recruited at the atheroma site may be different to the monocyte in peripheral circulation which is what we looked at.

In our study, we also demonstrated no significant change in gene expression of these biomarkers of inflammation or receptors involved in innate immunity (IL- 1 beta, IL-6, IL-10, ICAM-1, CCL2, TLR-2, TLR-4, SCARB-1 or IRF-3 genes) in in-vitro testosterone treated macrophages cultured from peripheral monocytes derived from patients with type 2 diabetes and hypogonadism. Corcoran et al showed a significant reduction in gene expression of TNF-alfa, IL-1 beta in similar in-vitro model(Corcoran et al., 2010). Yet again these are not activated macrophages and the genetic expression may be different in them compared to peripheral monocytes.

[bookmark: _Toc94007842]10.6 Conclusion:

In summary, our study showed significantly decreased gene expression for Tumour necrosis factor – alfa in peripheral monocytes derived from male patients who are hypogonadal and have type 2 diabetes after six months of treatment with injectable testosterone undecanoate compared to placebo group. This hence reduces pro-inflammatory state which then translates to less cardiovascular risk and insulin resistance. We found no significant difference in expression of other genes coding for key inflammation biomarkers or innate immunity in monocytes and monocyte derived macrophages. No significant difference in circulating biomarkers of inflammation was seen between the two groups. Whether this is one of the many ways testosterone treatment reduces cardiovascular risk is to be further explored in detail with more such studies.

[bookmark: _Toc78567229][bookmark: _Toc78573415]
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CHAPTER 11: DISCUSSION AND FUTUTRE DIRECTIONS:


[bookmark: _Toc94007844]11.1: Discussion:

This thesis has examined the effects of testosterone undecanoate on glycemic control and other cardiovascular risk factors in hypogonadal men with uncontrolled type 2 diabetes.  It has been clearly established that men with type 2 diabetes have higher prevalence of testosterone deficiency. Our own group has shown the prevalence of hypogonadism is ranging from 17% with total testosterone level <8 mmol/l and 42% with free testosterone level < 0.255 nmol/l(Kapoor et al., 2007a). Similar prevalence is seen in other studies measuring bioavailable testosterone directly too. Our group in the past has also shown that there is a higher cardiovascular mortality in men with testosterone deficiency compared to participants with normal testosterone levels(Muraleedharan et al., 2013). There seems to be quite a bit of variability when it comes to metabolic effects of testosterone in the literature. Several short-term interventional studies have shown beneficial effects of testosterone replacement therapy on various cardio-metabolic risk factors including glycaemic control, insulin resistance, inflammation, endothelial function, body composition and lipids. Studies have also shown improvement in the heart failure symptoms. Improvement in sexual function, mood, cognition and quality of life has been demonstrated in many other studies. However, no such improvement has been demonstrated in several other interventional studies. There is a paucity of RCTs to look at the effects of TRT in glycemic control and other cardiovascular risk factor especially in the cohort of patients with poorly controlled type 2 diabetes mellitus.

In clinical practice, we observed an improvement in haemoglobin A1c in patients who go on to TRT even without change in their anti-glycaemic medications. Hence, we did a 5-year retrospective follow up audit of poorly controlled diabetes patients receiving TRT and it showed significant decrease in HbA1c of around one percent between baseline and last observation carried forward in the study. Which led to us embarking on a randomized controlled trial to look at the effects of TRT on glycemic control and CV risk factors in patients with both poorly controlled diabetes and hypogonadism which is the crux of this thesis.

Current guidelines state that patients with confirmed hypogonadism (symptoms and total testosterone level less than 8-12 mmol/l) should be considered for testosterone replacement therapy(G.R. Dohle (Chair), 2019). This is mainly to improve their sexual symptoms. Our study was initially designed to be 1 year long RCT however ethics committee approval did not permit this on the grounds that patients can’t be denied current recommended standard treatment longer than 6 months. Hence phase 1 of our trial was the randomized part of the trial where participants were either randomized to active or placebo arm for 6 months instead of 1 year and in phase 2 of the trial participants on the active arm continued on testosterone treatment and participants on the placebo arm went on to receive the active treatment which is testosterone undecanoate.

Our study primary end points were haemoglobin A1c and plasma glucose. Chapter 5, we have shown that in our trial, TRT did not improve either of these primary endpoints after 6 months of treatment significantly. It did not significantly improve either of these parameters in phase 2 of the trial where these variables were compared before and after treatment with TU for a year in the active arm of the study. We found no baseline correlation between HbA1c or plasma glucose with testosterone levels.

There was a significant inverse correlation between TT/cBT/cFT with fat mass and fat percentage as measured by TANITA analyser. Similarly, DEXA scan measurements also showed similar correlation between TT/cBT/cFT and total fat mass and percentage. There was no signifcant association between testosterone and lean mass. Although body mass index inversely correlated with total testosterone and calculated bioavailable testosterone, no association was observed between waist circumference and testosterone. There was no effect of TRT on body composition – weight/BMI/WC/WHR/fat percentage /fat mass or lean mass at 6 months between the active and placebo groups apart from left leg fat mass which decreased significantly in active group at 6 months. It is well established that testosterone has differential effects on subcutaneous and visceral fat. Our group in TfM mouse showed that there is significantly reduced GLUT 4 in muscle and glycolytic enzymes in muscle, liver and abdominal subcutaneous tissue but not in visceral adipose tissue(Kelly et al., 2016). Similarly, lipoprotein lipase required for fatty acid uptake was reduced only in subcutaneous adipose tissue. The authors concluded that exploratory data suggest that androgen deficiency may reduce the buffering capability for glucose uptake and utilisation in abdominal subcutaneous and muscle and fatty acids in abdominal subcutaneous. This would lead to an overspill and uptake of excess glucose and triglycerides into visceral adipose tissue, liver and arterial walls. This may be one of the several reasons that we have seen a decrease in left leg fat mass and no decrease in visceral fat mass.



Our study demonstrated that there is significant improvement in other cardiovascular risk factors like triglycerides which significantly decreased in active group too. Also noted was that there was no increase in HDL cholesterol unlike some studies in the literature. This decrease in TG will in turn reduce the CV risk in the population who are already at higher CV risk by virtue of them having type 2 diabetes mellitus.

Insulin resistance is the key component of cardiovascular risk and poor glycaemic control. Naturally, measuring insulin resistance was one of our secondary end points however, we were unable to measure insulin levels in time for thesis due to COVID pandemic restrictions which meant that we can’t include that in our thesis. However, it shall be measured in due course and published. Previous interventional studies have shown that TRT improves insulin resistance much before it improves glycemic control(Jones et al., 2011b). Visceral fat and obesity are the key contributors of insulin resistance. Excess visceral fat causes liver to be exposed to high concentrations of free fatty acids leading to hepatic insulin resistance. One of the key mechanisms by which testosterone acts is by decreasing visceral fat levels which in turn reduces insulin resistance. Studies in the past have shown that testosterone replacement therapy decreases fat mass and increases lean muscle mass(Corona et al., 2016). Also increased abdominal fat levels means higher aromatase enzyme activity which converts testosterone to oestradiol thereby causing testosterone deficiency(Cohen, 1999). Hence there exists a bidirectional relationship between testosterone and visceral fat mass. All of this is explained in detail in chapter 2 and our baseline data shows strong inverse correlation between total testosterone and fat mass and percentage substantiating the above theory.

The other aspect that links obesity, insulin resistance and cardiovascular risk is inflammation. Increased level of pro-inflammatory cytokines causes insulin resistance and increases CV risk through endothelial dysfunction. Interventional studies from our own team have shown that testosterone has anti-inflammatory effect(Kapoor et al., 2007b; Guler et al., 2006). Testosterone decreases the circulation Tumour necrosis factor – alfa and interleukin -1 beta which are predominantly pro-inflammatory cytokines. We in our chapter have shown that TRT causes down regulation of TNF-alfa gene at both 3 months and 6 months data points after treatment with TU in monocyte RNA from men with type 2 diabetes mellitus and hypogonadism. We also measured the circulating serum cytokines in our study but the method used (Cytometric bead array) which is a flow cytometry method is not as sensitive as ELISA method. Hence these cytokines (IL- 1 beta, IL-6, IL-10, ICAM-1, CCL2, TLR-2, TLR-4, SCARB-1 or IRF-3) were undetectable and consequently couldn’t compare the data between the active and placebo groups. Time and funding permitting, we intend to measure these cytokines particularly circulating TNF-alfa by ELISA method and would hope that it marries in nicely with the gene expression data as described above.

We in our study also wanted to analyse if TRT improved hepatic enzymes which are surrogate markers fatty liver. There was no significant reduction in hepatic liver enzymes particularly alanine transferase after 6 months of treatment with TRT. But also, of note is, majority of our study population had normal ALT levels at baseline. We did a subgroup analysis of the patients who had raised ALT at baseline however the numbers were too small to make any meaningful inference. 

Limitations of our study which may have resulted in us unable to prove our null’s hypothesis are that our study did not get ethics committee approval to be a year long study. As discussed in detail in chapter 5, many studies have shown glycemic control and some of the cardio metabolic factors typically improve around 12-18 months post treatment with testosterone. Hence time factor was prudent for us to see these positive changes. Some studies have shown acute improvement in glycaemic control post TRT but they are usually in patients with no type 2 diabetes or in the newly diagnosed type 2 diabetes patients.

It’s evident from studies that testosterone has both a rapid effect and late effect on glycemic control. In a study from by Yialamas(Yialamas et al., 2007) this change in insulin sensitivity occurred as early as 2 weeks after withdrawal of sex steroids in young patients with idiopathic hypogonadotropic hypogonadism. The authors of this paper speculated that the mechanism may be due to improvement in the mitochondrial dysfunction following testosterone treatment. Studies have suggested an important role for mitochondrial dysfunction in inducing insulin resistance(Mootha et al., 2003; Petersen et al., 2003; Petersen et al., 2004; Wisløff et al., 2005; Patti et al., 2003) Men with low testosterone including those with impaired glucose tolerance and type 2 diabetes have impaired mitochondrial oxidative phosphorylation(Pitteloud et al., 2005). One may speculate that the patients with type 2 diabetes who have severe mitochondrial dysfunction and in turn have severe IR which may not be as responsive to androgen treatment as in men with mild dysfunction noticed in men with HG and no Type 2 diabetes. Hence the rapid effect of testosterone on glycaemic control which is seen in patients with no type 2 diabetes is not seen in patients with type 2 diabetes especially in poorly controlled subjects like in our study.
The late effects of testosterone are likely to be mainly due to improvement in body composition. Again, this may take up to 12-18 months and our study was randomized only for 6 months due to Ethics committee requirement.

Further, we used fixed dose regimen of treatment which then raises the question - whether the study population were adequately replaced with the hormone testosterone. From clinical practice and some studies, it appears that patient with raised body mass index and type 2 diabetes mellitus may need higher dose of testosterone to replete their deficiency. It is hard to titrate one’s testosterone level in 6 months of treatment. It again takes 12-18 months for replacement to be stabilised in some of these patients.

Further this therapeutic replacement depends on androgen receptor sensitivity which varies from person to person. More research is needed to analyse if patients with higher CAG repeats and consequently lower sensitivity will need higher therapeutic target to achieve both symptomatic and metabolic effects of testosterone. 

COVID pandemic meant that many of our scheduled tests couldn’t be completed in time. We have plans to measure insulin, IR using HOMA-IR, serum cytokines by ELISA method, leptin, adiponectin and CIMT at a later date to understand the pathophysiology of testosterone around insulin resistance, obesity and glycaemic control better.

Our study is the first ever RCT to show that there is a significant improvement in clinical symptoms associated with hypogonadism upon treatment with parenteral testosterone in poorly controlled type 2 cohort. In Chapter 6 this was shown by significant improvement in mean AMS total scores at 6 months of treatment. Further thus was re-iterated by significant number of patients moving to a lesser symptom severity group in the active arm (56%) Vs placebo arm (33%) upon treatment with TU for 6 months. This improvement was also seen at 12 months. There was a significant improvement not only in total score but also in all of its subscales (Psychological/somatic/sexual subscales) at 12 months before and after treatment in the active arm. Specifically, there was improvement in libido pre and post treatment in active arm. The other studies so far which noted similar improvements are either registry studies or observational studies or not in poorly controlled diabetic population. Hence our study is the first one to show this improvement in type 2 diabetes mellitus cohort who usually have multifactorial cause for their symptoms.

Our study was yet again pioneers in showing that there was a significant improvement in delayed verbal recall pre and post treatment with TRT in active arm at 0,3,6, 9 and 12 months. This was apparent only in the phase 2 of the trial and not in the first 6 months of phase 1 part of the trial where it was non-significant suggesting that it takes up to 1 year for the improvement to be noted like many other effects of testosterone treatment which take up to 12-18 months.

Chapter 6 also showed an improvement in physical health and health change over one-year components of SF-36 questionnaire at 1 year in the active arm but not significant at 6 months data point between the randomized groups. The trend was similar with BDHQ questionnaire which showed significant improvement in sexual wellbeing and emotional wellbeing components in phase 2 of the trial but not in phase 1 of trial.

This improvement in health-related quality of life in a cohort of hypogonadism and poorly controlled diabetes has significant clinical implication. Given that our patients benefit significantly from improvement in the symptoms, it’s all the more prudent to identify these patients and treat them with TRT as per the current EAU guidelines. Improvement specifically in sexual wellbeing, improvement in libido has wider implication on relationships and marriages. This has to be carefully considered and discussed with the patients and of course weighed against the safety of such treatment.

In clinical practice, any benefit has to be carefully balanced against safety of the medication. In our chapter 7 and 8 we have carefully analysed the safety data of our trial. Historically, testosterone has been associated strongly with hypertension and concern around its the safety has always been questioned. Our study to our knowledge is the first RCT which has looked at the effects of TU on 24-hour ambulatory BP in a cohort of type 2 DM and hypogonadism. In chapter 7, we have showed that testosterone does not increase blood pressure (systolic or diastolic daytime or night time pressure) when treated in physiological range. This was the same result irrespective of normotensive or hypertensive at baseline. Chapter 5 data also shows that there was no change in SBP or DBP as measured by sphygmomanometer in our trial too either at 6 months or 12 months. Other RCTs have measured blood pressure using sphygmomanometer or the cohort is patients with hypogonadism in general. It’s mainly the oral preparations which in recent studies have shown mild rise in blood pressure after treatment. So, we can confidently say that parenteral TU does not affect BP in adverse way up to 12-month post treatment from our trial even if they are hypertensive at baseline.

Yet another area of controversy around TRT is its cardiovascular safety stemming from prevailing myth that androgens a have atherogenic effect. This was complicated further by the 3 trials that were published in the recent past showing increased CV events post testosterone therapy especially in initial 3 months of commencement(Vigen et al., 2013; Finkle et al., 2014). These studies had major limitations and flaws as discussed in detail in chapter 9 of the thesis but they sure made the clinicians nervous. We in our study have demonstrated CV safety for up to 1 year of the treatment with TRT. There were absolutely no CV mortality or cardiovascular adverse events in the active group for up to one year in our trial. This is very reassuring and is in line with many studies and metanalysis published since the above 3 trials.

We have also demonstrated from our trial that although haematocrit went up significantly in active group vs placebo group, there were no patients who had haematocrit more than 0.54 l/l in the first 6 months of the trial which is the level at which the risk of CV events is strongly associated with the rise in hematocrit according to Framingham Heart study(Gagnon et al., 1994).

We in our safety data have also shown that there was only non-significant increase in PSA levels between active and placebo group at 6 months and also in the phase 2 of the trial. There was no significant difference between the two groups in number of patients with PSA > 0.75 µg/l rise in 6 months. There was unfolding of prostate cancer in one of the patients who subsequently went on to receive androgen deprivation therapy and radical radiotherapy by Urologists.

Overall, from chapter 7 and 8, we have demonstrated that parenteral testosterone is very safe to be used in clinical practice and serious adverse effects are very rare. Close monitoring is always however advised.

[bookmark: _Toc94007845][bookmark: _Hlk80007900]11.2: Future Direction:

Since we could not show the effects of testosterone replacement therapy on our primary end points within the time period of 6-12 months, we have designed and completed another study which is STRIDE – FORWARD trial which is essentially a 5 year follow up study of all the patients who have taken part in the initial STRIDE trial and who are willing to take part in the follow up trial. This is a registry study where in participants undergo annual DEXA scan, 24-hour ambulatory BP, CIMT measurements and questionnaire assessments on top of their regular clinical assessments including anthropometric measurements and bloods. The study has now been completed. The data will be soon analysed and presented. In this trial primary care were allowed to make changes to the participants diabetes medications and other treatments like anti-hypertensive medications and statins however a log of the same were kept to publish in future. We hope this study will shed light on the long-term effects of testosterone undecanoate on glycemic control and cardiovascular risk factors.

Insulin resistance is the key component influencing glycemic control and usually its improvement has preceded the improvement in HbA1c and plasma glucose in other interventional trials. We intend to analyse insulin resistance by calculation HOMA-IR between the two groups before and after treatment with testosterone. Although it was one of the secondary end points listed in our study design we were unable to measure Insulin levels in time for this thesis due to restrictions in lab due to COVID pandemic. Similarly, we also intend to analyse inflammatory cytokines in circulation using ELISA method which is more sensitive than CBA method we have used in the trial to understand the effect of TRT on inflammation better. Yet another secondary end point in our trial was the measurement of carotid intima thickness which is the surrogate marker of atherosclerotic process. We unfortunately are facing technical difficulties in accessing these images. We wish to resolve this and look the carotid intima a thickness in the two groups before and after the treatment.

One of the key things that determine the sensitivity of androgen function is the number of CAG repeats in the androgen receptor. Hence a logical step would be to look into would be if there are differential metabolic effects of testosterone in the participants who have lesser CAG repeats versus those with higher CAG repeats. This body of work can be again looked into by our study team on STRIDE participants which will shed valuable information and may change the way we treat our hypogonadal patients. It may well be that our patients with higher CAG repeats will need a higher therapeutic target of testosterone versus those who have highly sensitive receptors. This will have clinical implications in future for our hypogonadal patients.

[bookmark: _Hlk80008377]On a wider level, I think there is paucity of large-scale multicenter trials looking at the glycaemic and metabolic effects of testosterone. TRAVERSE trial (ongoing phase 4 trial in USA- NCT03518034)) which is a randomised double blinded and placebo-controlled study of topical testosterone replacement therapy (TRT) in symptomatic hypogonadal men with increased risk for cardiovascular (CV) disease which is expected to be completed in 2022 will surely shed more light on the cardiovascular safety of testosterone. The primary outcome is time to Major Adverse Cardiac Event (MACE) up to 60 months and the secondary outcomes are assessing prostate safety and cardiovascular safety. We recommend larger multicenter trials for longer length of time looking at both glycaemic control and cardio metabolic effects of testosterone in poorly controlled type 2 diabetic patients with hypogonadism in future.

[bookmark: _Toc94007846]11.3: Conclusions:

In conclusion, our RCT has shown that there is a significant improvement in clinical symptoms including libido after 6-12 months of treatment of testosterone in patients with type 2 diabetes and hypogonadism. Our study also showed that the metabolic effects like glycaemic control, body composition etc. does not improve significantly in 6-12 months and may take longer than six to twelve months to unfold. Our RCT has shown positive cardiovascular risk reduction by the virtue of reduction in triglycerides after 6 months of TRT. Also, there is a significant down regulation of TNF-alfa gene which encodes pro-inflammatory cytokine TNF-Alfa thereby reducing CV risk in patients with hypogonadism and T2DM.

Most of all we have shown in our study that parenteral testosterone is a very safe medication. In our trial, it did not cause increase in blood pressure or any other adverse cardiovascular event within one year of its commencement.

There is only non-significant increase in PSA levels and unfolding of prostate carcinoma is still extremely rare. Risk of haematocrit rise beyond dangerous levels is rare and can be clinically well managed with active monitoring and venesection or dose adjustment.

Given the data from our study, we propose increased screening of patients with testosterone deficiency in diabetic population and pro-actively considering TRT in them if found to have hypogonadism and have no contraindications for TRT.
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[bookmark: _Toc94007848]APPENDIX 1: DETAILS OF IMP. (Safety section) (Refer to SmPC as RSI)

DRUG: Testosterone Undecanoate (Nebido). 
Manufacturer: Bayer
Preparation: 1 gram in 4 ml of oily base. Requires no special storage conditions. 
Potential side effect profile. These are based on the Product information, the British National Formulary and on a recent detailed review. 
i. Symptomatic side effects include headache, nausea, gynaecomastia, muscle cramps and anxiety/depression. These are usually mild and if so, will be managed by reassurance and simple analgesics/ anti emetics. If more severe, consideration will be given to withdrawing the patients from the trial. Very rarely a hypersensitivity reaction may occur and if so they will be appropriately treated with antihistamines, cortisone and adrenaline if necessary.

ii. Infertility. Sperm counts are predictably lowered by testosterone (because of down-regulation of Luteinising Hormone). The effect is temporary. Patients aspiring to conceive in the next 2 years will be excluded. We anticipate that most potential patients in the trial will be middle-aged and have completed their families.

iii. Polycythaemia can occur in up to 44% of patients but is usually mild and has not been associated with thrombo-embolic complications. Patients with pre-existing polycythaemic (haematocrit of >0.52) and with severe chronic obstructed lung disease are excluded from the trial. Patients who have persistent polycythaemia (Haematocrit >0.54) in spite of four venesections will be considered as SAE and will be withdrawn from the study.

iv. Sleep apnoea. Sleep apnoea is not a contraindication to the use of testosterone therapy unless it is severe. Treated sleep apnoea is again not a contraindication to the use of testosterone.
Sleep apnoea is described as being “infrequent”. More recently an RCT has shown that Testosterone therapy in obese men with severe OSA mildly worsens sleep-disordered breathing in a time-limited manner, irrespective of initial testosterone concentrations. This time-dependency was not related to testosterone concentrations. Patients with onset during the trial of symptoms suggesting sleep apnoea will be referred to a Respiratory Physician for investigations; The CI will decide whether it is safe for the patient to remain in the trial. If symptoms can be relieved by simple measures (positional therapy, mouth piece, life style changes etc) and CPAP the patients can remain in the trial.
(v) Hypertension and fluid retention are cited in the British national Formulary but are either not mentioned or said to be “rarely of clinical significance” in the review and usually only occur as a result of over treatment. Patient’s blood pressure will be monitored. If a patient develops uncontrolled hypertension the CI will decide whether he remains in the study  
(v) Potentially increased risks of prostatic and hepatocellular carcinoma. Available evidence suggests that the increased risk, if present, is very small. In one study 4 out of 81 hypogonadal men (4.9%) developed prostatic carcinoma after 22-41 months of testosterone replacement; a rate not greater than in the general population. In a recent randomised trial, no histological changes in prostatic tissue were detectable after 6 months testosterone. Even more recently, UK androgen study monitored 1365 patients aged 28-87 (mean 55) years with symptomatic androgen deficiency and receiving TRT for up to 20 years. The study concluded that the incidence of PCa during long-term TRT was equivalent to that expected in the general population. This study adds to the considerable weight of evidence that with proper clinical monitoring, testosterone treatment is safe for the prostate and improves early detection of PCa. Testosterone treatment with regular monitoring of the prostate may be safer for the individual than any alternative without surveillance
Up to 2004 (and excluding patients with Fanconi’s anemia or aplastic anemia), 57 cases of liver tumour (25 of them hepatocellular carcinoma) had been reported in patients on androgen therapy. In these patients, duration of treatment was at least 2 years and some patients had other risk factors, such as hepatitis C. The majority of tumours occurred in patients given 17 an alkylated agent, with relatively few in patients given testosterone. In other studies, liver damage has been associated only with methyltestosterone Given that 2.3 million prescriptions/year for testosterone were issued in the USA in 2005, this seems a very low incidence. In trials of anabolic steroids for alcoholic liver disease, no increase in incidence of hepatocellular carcinoma was reported
Therefore, we believe that the risk of developing either prostatic carcinoma or hepatocellular carcinoma, as a result of testosterone therapy, is minimal. However, patients will be regularly screened for development of these conditions by measurement of tumour markers 3 monthly.   
(vii) Potential increased risk of adverse cardiovascular events.
The review concluded TRT did not increase the risk of cardiovascular disease and might actually protect the heart. No adverse effects on lipid profile were noted.
However, a significant increase in adverse cardiovascular events was seen in a recent RCT of testosterone replacement in hypogonadal men over 65. These patients received a higher dose of testosterone than proposed in the current study. Furthermore, definition of a cardiovascular event was vague and broad. Finally, other studies of TRT have shown no such increase; indeed, our group has shown that hypogonadism is an independent risk factor for total and cardiovascular mortality in man with coronary heart disease. 
These studies have recently been reviewed by the FDA who concluded that, ‘each of the studies had major limitations, precluding the ability to draw definitive conclusions. The European Medicines Agency (EMA) has stated ‘The CMDh, a regulatory body representing EU Member States, has agreed by consensus that there is no consistent evidence of an increased risk of heart problems with testosterone medicines in men who lack the hormone (a condition known as hypogonadism). However, the product information is to be updated in line with the most current available evidence on safety, and with warnings that the lack of testosterone should be confirmed by signs and symptoms and laboratory tests before treating men with these medicines.’

In light of the above information, the following events in particular will be captured as AE and relatedness to the IMP will be assessed.
· Acute myocardial infarct (STEMI or NSTEMI events)
· Crescendo angina +/- other worsening of angina.
· New onset chest pain.
· Other exacerbations of cardiac disease.
· Stroke.
· Transient Ischaemic Attack.
· Exacerbations of peripheral vascular disease.
(viii) Local reactions at the injection site. Extensive experience with Testosterone Undecanoate [2suggests that these are uncommon and very rarely severe. Very rarely in spite of the correct injection technique, in rare cases pulmonary oily micro embolism (POME) may occur as an adverse event.

SUBJECT WITHDRAWAL:
Subjects will be withdrawn from the study under the following circumstances:
(a)     Patient wish – withdrawal of consent
(b)     Wish of patients GP or Hospital Physician (after discussion with CI)
Subjects will be considered for withdrawal by CI under the following circumstances:
(c)     Any SAR or SUSAR as defined below in patients on active treatment
(d)     Any other SAE in a patient on testosterone, where a causal link is deemed possible and cannot be resolved by standard clinical intervention
(e)     Serious non-adherence to the study protocol (e.g. persistent non-attendance) 
Withdrawal will usually be following discussion with the Chief Investigator, the final decision to withdraw a patient is made by the Chief investigator and the patient. Patients withdrawn from the study will be asked to continue to attend the outpatient clinic with a frequency determined by clinical need. For every patient withdrawn from the study a new one will be recruited if this is feasible within the time scale of the study.
In the event of withdrawal, the subject will be asked to undergo a final set of observations. 

ADVERSE EVENTS:
In this study: 
An Adverse Event is defined as any untoward medical occurrence in a subject during the course of the trial and for up to 4 weeks after its cessation. Pre-existing conditions, although they will be recorded, will not be regarded as AEs unless they worsen significantly
Any adverse event occurring during the study related to the IMP (adverse reaction) will be documented in the CRF and will be acted upon depending on the clinical need. This data will be collected during each visit and any further notification by the patient by phone or in person will be captured in the CRF.
SERIOUS ADVERSE EVENTS:
A Serious Adverse Event, is defined as an adverse event that meets at least one of the following criteria 
· results in death
· is life threatening (as perceived at the time)
· results in persistent disability or incapacity
· requires (or prolongs) hospitalisation (Excluding elective hospitalisations)
· is a congenital defect
In addition, the following medical event will also be captured as SAEs and their relatedness to the IMP will be assessed 
· A persistent 3-fold rise (over 3 months) in serum PSA from baseline normal levels 
· Diagnosis of prostrate or breast cancer. 
· Persistent rise in Haematocrit of >0.54 in spite of four venesections
· New onset diagnosis of sleep apnoea syndrome
All SAEs will be recorded on standardised forms and reported to the CI (or co- investigator if CI unavailable) and Sponsor and manufacturer of the IMP within 24 hours of identification by one of the team members. The potential causal relationship and expectedness of the SAE to the study medication will be evaluated by the CI. 
Causality/Relatedness to the study medication:
· Unrelated (or Not Related): 
The adverse event is clearly NOT related to the investigational agent(s) or intervention: the adverse event has no temporal relationship to the administration of the investigational agent(s) or research intervention, follows no known or suspected pattern of response, and an alternative cause is present.
· Unlikely to be related: 
The adverse event is doubtfully related to the investigational agent(s) or intervention: the adverse event has a temporal relationship to the administration of the investigational agent(s) or research intervention, but follows no known or suspected pattern of response, and an alternative cause is present.
· Possibly Related: 
There is a reasonable possibility that the event may have been caused by or is linked in a significant way to the research; the adverse event has a temporal relationship to the administration of the investigational agent(s) or research intervention, follows a suspected pattern of response, but an alternative cause is present.
· Probably Related: 
The adverse event is likely related to the investigational agent(s) or intervention: the adverse event has a temporal relationship to the administration of the investigational agent(s) or research intervention, follows a known or suspected pattern of response, but an alternative cause may be present.
· Definitely Related: 
The adverse event is clearly related to the investigational agent(s) or research intervention: the adverse event has a temporal relationship to the administration of the investigational agent(s) or research intervention, follows a known pattern of response, and no alternative cause is present.


Expectedness to the study medication:
The ‘expectedness’ of the event to IMP is assessed in the light of the Reference Safety Information (RSI) which is the summary of product characteristics (SmPC) for testosterone with a marketing authorisation; 
Serious Adverse Reaction (SAR)
If an SAE is related to IMP and is an expected/recognised side effect of IMP it will be termed as Serious adverse reaction (SAR)
All SARs will be reported to sponsors and manufacturer of the study medication within 24-48 hours of being aware of it.
A blind break will be performed upon authorisation by CI in a medical emergency where the knowledge of the IMP would lead to a difference in the treatment/management of the patient.
[bookmark: _Toc78567230][bookmark: _Toc78573416]Suspected unexpected serious adverse reactions (SUSARs)  
Any serious adverse reaction which is unexpected (if its nature and severity are not consistent with the information about the medicinal product (SmPC) in question set out). 
A code break will be performed upon authorisation by CI in a medical emergency where the knowledge of the study treatment would lead to a difference in the treatment/management of the patient. The code break will be done by an independent medical expert and a decision about expedited reporting during the blinded phase of the trial will be made by this person. 
All SUSARs will be reported to sponsors and manufacturer of the study medication within 24-48 hours of being aware of it.
All SUSARs will be reported to the MHRA and to the Ethics Committee within 15 days (7 days if life threatening or death) by the sponsor.
Bottom of Form









[bookmark: _Toc94007849]APPENDIX 2: AMS questionnaire
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[bookmark: _Toc94007850]APPENDIX 3: SF36 QUESTIONNAIRE

Source: http://www.rand.org/health/surveys_tools/mos/mos_core_36item_survey.html, , The Rand-36 Questionnaire
The SF36 Questionnaire is detailed in full in the following pages. Bold Numbers by each response indicate the score given to that answer.
1. In general, would you say your health is: 
Excellent 	Very good 	Good 	Fair 	Poor 
    5	     4	  3	  2	  1
2. Compared to one year ago, how would you rate your health in general now? (circle one) 
Much better now than one year ago.    5
Somewhat better now than one year ago. 4 
About the same as one year ago.  3
Somewhat worse than one year ago. 2 
Much worse than one year ago. 1 
The following items are about activities you might do during a typical day. Does your health now limit you in these activities? If so, how much? (Mark each answer with an X) 
	Activity
	Yes,  Limited A  Lot 
	Yes,  Limited 
A Little 
	No, Not Limited 


	3. Vigorous activities, such as running, lifting heavy objects, participating in strenuous sports
	1

	2
	3

	4 .Moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or playing golf 
	1
	2
	3

	5. Lifting or carrying groceries
	1
	2
	3

	6. Climbing several flights of stairs
	1
	2
	3

	7.  Climbing one flight of stairs
	1
	2
	3

	8.  Bending, kneeling or stooping
	1
	2
	3

	9. Walking more than a mile
	1
	2
	3

	10. Walking several blocks 
	1
	2
	3

	11. Walking one block
	1
	2
	3

	12. Bathing or dressing yourself
	1
	2
	3



During the past 4 weeks, have you had any of the following problems with your work or other regular daily activities as a result of your physical health? (Mark each answer with an X).
	
	Yes
	No

	13. Cut down on the amount of time you spent on work or other activites
	0
	1

	14. Accomplished less than you would like
	0
	1

	15. Were limited in the kind of work or other activities
	0
	1

	16. Had difficulty performing the work or other activities (for example, it took extra effort)
	0
	1



During the past 4 weeks, have you had any of the following problems with your work or other regular daily activities as a result of any emotional problems (such as feeling depressed or anxious)? (Mark each answer withan X) 
	
	Yes
	No

	17. Cut down the amount of time you spent on work or other activities 
	0
	1

	18. Accomplished less than you would like
	0
	1

	19. Didn’t do work or other activities as carefully as usual
	0
	1



20. During the past 4 weeks, to what extent has your physical health or emotional problems interfered with your normal social activities with family, friends, neighbours or groups? 
Not at all       Slightly       Moderately   Quite a bit          Extremely 

  5                     4	                3                  2                       1	

21. How much bodily pain have you had during the past 4 weeks? 
None        Very mild     Mild      Moderate      Severe      Very severe 

  6                5               4              3                2                   1 


22. During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the home and housework)? 
Not at all       A little bit     Moderately        Quite a bit            Extremely 
       5                       4                       3                         2                         1     
These questions are about how you feel and how things have been with you during the past 4 weeks. For each question, please give the one answer that comes closest to the way you have been feeling. How much of the time during the past 4 weeks (Mark each answer with an X) 
	
	All of the Time
	Most of the Time
	A Good bit of the Time
	Some of the Time
	A little of the Time
	None of the Time

	23. Did you feel full of pep?
	6
	5
	4
	3
	2
	1

	24. Have you been a very nervous person? 
	1
	2
	3
	4
	5
	6

	25. Have you felt so down in the dumps that nothing could cheer you up? 
	1
	2
	3
	4
	5
	6

	26. Have you felt calm and peaceful?
	6
	5
	4
	3
	2
	1

	27. Did you have a lot of energy?
	6
	5
	4
	3
	2
	1

	28. Have you felt downhearted and  blue? 
	1
	2
	3
	4
	5
	6

	29. Did you feel worn out?
	1
	2
	3
	4
	5
	6

	30. Have you been a happy person?
	6
	5
	4
	3
	2
	1

	31. Did you feel tired?
	1
	2
	3
	4
	5
	6

	 32. Has your health limited your social activities (like visiting friends, relatives, etc.)?
	1
	2
	3
	4
	5
	6



How TRUE or FALSE is each of the following statements for you? 

	
	Definitely True
	Mostly True
	Don’t Know
	Mostly False
	Definitely False

	33. I seem to get sick a little easier than other people 
	1
	2
	3
	4
	5

	34. I am as healthy as anybody I know
	5
	4
	3
	2
	1

	35. I expect my health to get worse
	1
	2
	3
	4
	5

	36. My health is excellent
	5
	4
	3
	2
	1




[bookmark: _Toc297011744][bookmark: _Toc78567232][bookmark: _Toc78573418]i. Calculating Domains
Physical Domain: ( (∑ Questions 3,4,5,6,7,8,9,10,11,12)-10  )  x100
                                                                     20
Role Limitation due to Physical Health: ( (∑ Questions 13,14,15,16) )  x100
                                                                                      4
Role Limitation due to Emotional Health: ( (∑ Questions 17,18,19)  )  x100
                                                                                        3
Social Function: ( (∑ Questions 20,32)-2  )  x100
                                               9
Emotional Wellbeing: ( (∑ Questions 24,25,26,28, 30)-5  )  x100
                                                                  25
Vitality: ( (∑ Questions 23,27,29,31)-4  )  x100
                                 20
Pain ( (∑ Questions 21,22) -2 )  x100
                              9
General Health( (∑ Questions1,33,34,35,36)  -5)  x100
                                                20
[bookmark: _Toc297011749]Health Change over 1 Year ( Question response -1  )  x100
[bookmark: _Toc78567233][bookmark: _Toc78573419]






[bookmark: _Toc94007851]APPENDIX 4: THE IIEF QUESTIONNAIRE
Source from (http://www.camurology.org.uk/imgs/downloads/iief.pdf, , IIEF-5)
Over the past 4 weeks:              
 Q1 How often were you able to get an erection during sexual activity? 
· 0 No sexual activity 
· 1 Almost never or never 
· 2 A few times (less than half the time) 
· 3 Sometimes (about half the time) 
· 4 Most times (more than half the time) 
· 5 Almost always or always 
 Q2 When you had erections with sexual stimulation, how often were your erections hard enough for penetration? 
· 0 No sexual activity 
· 1 Almost never or never 
· 2 A few times (less than half the time) 
· 3 Sometimes (about half the time) 
· 4 Most times (more than half the time) 
· 5 Almost always or always 
 Q3 When you attempted intercourse, how often were you able to penetrate (enter) your partner? 
· 0 Did not attempt intercourse 
· 1 Almost never or never 
· 2 A few times (less than half the time) 
· 3 Sometimes (about half the time) 
· 4 Most times (more than half the time) 
· 5 Almost always or always 
 Q4 During sexual intercourse, how often were you able to maintain your erection after you had penetrated (entered) your partner? 
· 0 Did not attempt intercourse 
· 1 Almost never or never 
· 2 A few times (less than half the time) 
· 3 Sometimes (about half the time) 
· 4 Most times (more than half the time) 
· 5 Almost always or always 
 Q5 During sexual intercourse, how difficult was it to maintain your erection to completion of intercourse? 
· 0 Did not attempt intercourse 
· 1 Extremely difficult 
· 2 Very difficult 
· 3 Difficult 
· 4 Slightly difficult 
· [bookmark: _Toc296889711]5 Not difficult 















[bookmark: _Toc94007852]APPENDIX 5: MINI MENTAL SCORE

MINI-MENTAL STATE EXAM
Top of Form
PATIENT NAME: ___________________DoB: _____
NHS Number:____________
DATE:           

Right / Wrong?  - 30 questions for 30 points 
ORIENTATION – 10 points
1. Ask the following questions:
2. What is today's date?
3. What is the month?
4. What is the year?
5. What day of the week is it today?
6. What season is it?                                    
7. What is the name of this clinic (place)?
8. What floor are we on?
9. What city are we in? 
10. What county are we in?
11. What country are we in?

Orientation subtotal =    /10
IMMEDIATE RECALL – 3 points
Ask the subject if you may test his/her memory. Then say "ball", "flag", "tree" clearly and slowly, about 1 second for each. After you have said all 3 words, ask him/her to repeat them - the first repetition determines the score (0-3): 
11. BALL
12. FLAG
13. TREE
Recall subtotal =     /3
ATTENTION – 5 points
NB PERFORM SERIAL 7S OR ‘WORLD’ BACKWARDS BUT NOT BOTH!
A) Ask the subject to begin with 100 and count backwards by 7. Stop after 5 subtractions. Score the correct subtractions.
14. "93"
15. "86"
16. "79"
17. "72"
18. "65"      
B) Ask the subject to spell the word "WORLD" backwards. The score is the number of letters in correct position. For example, "DLROW" is 5, "DLORW" is 3, "LROWD" is 0.
"D"
"L"
"R"
 "O"
"W"                                             
"DLROW" or Serial 7s subtotal =         /5    
DELAYED VERBAL RECALL – 3 points
Ask the subject to recall the 3 words you previously asked him/her to remember. 
19. BALL?
20. FLAG?
21. TREE?     
Delayed verbal recall subtotal =          /3
NAMING –2 points 
Show the subject a wrist watch and ask him/her what it is. Repeat for pencil. 
22. WATCH
23. PENCIL
REPETITION – 1 point
Ask the subject to repeat the following :"No ifs, ands, or buts" 
24. REPETITION
3-STAGE COMMAND - 3 points
Give the subject a plain piece of paper and say, "Take the paper in your hand, fold it in half, and put it on the floor." 
25. TAKES
26. FOLDS
27. PUTS
READING – 1 point
Hold up the card reading, "Close your eyes", so the subject can see it clearly. Ask him/her to read it and do what it says. Score correctly only if the subject actually closes his/her eyes.
28. CLOSES EYES
WRITING 1 point
Give subject a piece of paper and ask him/her to write a sentence. It is to be written spontaneously. It must contain a subject and verb and be sensible. Correct grammar and punctuation are not necessary.
 29. SENTENCE
                                            		Language subtotal =	/8	           
COPYING – 1 point
Give subject a piece of paper and ask him/he to copy a design of two intersecting shapes. One point is awarded for correctly copying it. All angles on both figures must be present, and the figures must have one overlapping angle. 
Example: [image: pentagons]

30. PENTAGONS                                    
Pentagon subtotal  =           /1

 TOTAL MMSE =            /30
(MMSE maximum score = 30)
The examination has been validated in a number of populations. Scores of 25-30 out of 30 are considered normal, 18-24 indicate mild to moderate impairment, and scores of 17 or less indicate severe impairment. 
[bookmark: _Toc94007853]APPENDIX 6: Barnsley Diabetes Hypogonadal Screener (BDHQ)
	Over the past 4 weeks, how much have the following problems applied to you?

	Symptom
	Not at all
	Mildly
	Moderately
	Severely
	Extremely Severely

	
	1
	2
	3
	4
	5

	Do you have a generally poor health
	
	
	
	
	

	Do you feel you lack energy
	
	
	
	
	

	Do you feel worn out and tired
	
	
	
	
	

	Do you feel physically exhausted
	
	
	
	
	

	Have you noticed a decrease in your muscular strength
	
	
	
	
	

	Do you feel that your health limits you from walking 100yds
	
	
	
	
	

	Do you feel your health limits you from doing vigorous activities
	
	
	
	
	

	Do you feel your health limits you from climbing one flight of stairs
	
	
	
	
	

	Do you feel that your health limits you from lifting and carrying
	
	
	
	
	

	Do you have physical and emotional problems interfering with your social activities
	
	
	
	
	

	Do you feel a decrease in sexual desire/libido
	
	
	
	
	

	Have you had a decrease in the frequency of early morning erections
	
	
	
	
	

	Do you have difficulty getting erection and if so how difficult
	
	
	
	
	

	Do you feel irritable, aggressive or moody
	
	
	
	
	

	Do you feel increasingly sleepy
	
	
	
	
	

	Do you feel depressed
	
	
	
	
	

	Is your "get up and go" or motivation reduced
	
	
	
	
	

	Do you feel you are unable to concentrate
	
	
	
	
	

	Have you noticed that you are becoming increasingly forgetful
	
	
	
	
	




Calculation of subscales for BDHQ:
General health – Q1
Physical wellbeing – Q2+Q3 +Q4+Q5+Q6+Q7+Q8+Q9
Sexual wellbeing = Q11+Q12+Q13
Emotional Wellbeing = Q14+Q15+Q16+Q17+Q18+Q19

[bookmark: _Toc94007854]APPENDIX 7: SCHEDULE OF EVENTS (follow up visits are valid if within -2 and +7 weeks of the required date
	Timescale
Events
	Screening
-2 mths to 0
	Baseline/randomization Visit 0
	6 wks
	Visit 1
12 wks
	18 wks
	Visit 2 24 wks
	30 wks
	Visit 3 
36 wks
	42 wks
	Visit 4 52 wks

	

	
	
	
	
	
	Open labeled phase: Patients from the placebo arm move on to the treatment group

	Physical exam including DRE
	+

	
	
	
	
	
	
	
	
	

	Dynamometer
	
	+
	
	+
	
	+
	
	+
	
	+

	WHC/wt/BMI/fat %/BP
	
	+
	
	+
	
	+
	
	+
	
	+

	HbA1c/pl.glucose/T/SHBG/LH/FSH
	+
	+
	
	+
	
	+
	
	+
	
	+

	Bloods *
(as detailed in the secondary outcome section)
	

	
+
	
	
+
	
	
+
	
	
+
	
	
+

	DEXA scan
	
	+
	
	
	
	+
	
	
	
	+

	BP monitor
	
	+
	
	
	
	+
	
	
	
	+

	CIMT
	
	+
	
	
	
	+
	
	
	
	+

	Questionnaires
	
	+
	
	+
	
	+
	
	+
	
	+

	Macrophage Fn
	
	+
	
	+
	
	+
	
	+
	
	+

	DNA for AR polymorphisms
	
	
+
	
	
	
	
	
	
	
	

	Testosterone(T)/placebo (P)injections
	
	
+
(T/P)
	
+
(T/P)
	
	
+
(T/P)
	
+
(T for placebo group only after un blinded)
	
+
(T)
	

	
+
(T)
	









[bookmark: _Toc94007855]APPENDIX 8: NERI HYPOGONADAL SCREENER

	NERI HYPOGONADAL SCREENER

	These next questions ask about any symptoms you may have felt over the past 3 months



	
	
	None at all or very low
	Low
	Moderate
	High
	Very high

	B3.
	Please rate your level of sexual desire over the past 3 months:
	1
	2
	3
	4
	5




	
	
Over the past 3 months how often…

	Never
	Rarely
	Some- times 
	Often
	Very Often

	B4.
	...did you have a morning erection or wake up from sleep with an erection?
	1
	2
	3
	4
	5

	B5.
	...did you get spontaneous erections?
	1
	2
	3
	4
	5

	B6.
	...did you have the urge to have sex?
	1
	2
	3
	4
	5

	B7.
	...have you experienced difficulty getting or keeping an erection?
	1
	2
	3
	4
	5

	B8.
	...have you experienced low sexual desire?
	1
	2
	3
	4
	5

	B9.
	...did you have to work hard to control your temper?
	1
	2
	3
	4
	5

	B10.
	...did you feel depressed?
	1
	2
	3
	4
	5

	B11.
	...did you feel anxious?
	1
	2
	3
	4
	5

	B12.
	...have you experienced excessive irritability?
	1
	2
	3
	4
	5

	B13.
	...have you had difficulty remembering names?
	1
	2
	3
	4
	5

	B14.
	...have you had difficulty remembering things you’ve recently read (such as a book, newspaper, or magazine)?
	1
	2
	3
	4
	5

	B15.
	...have you misplaced things (like your keys, wallet, or other items)?
	1
	2
	3
	4
	5

	B16.
	...have you had difficulty remembering routes of travel or directions?
	1
	2
	3
	4
	5

	B17.
	...have you had trouble staying asleep, sleeping on and off, or tossing and turning during the night?
	1
	2
	3
	4
	5

	B18.
	...have you had sleep difficulties?
	1
	2
	3
	4
	5

	B19.
	...have you woken up feeling tired or fatigued?
	1
	2
	3
	4
	5

	B20.
	...has your fatigue made it difficult to get through the day?
	1
	2
	3
	4
	5




	These next questions ask about any symptoms you may have felt over the past 6 months.



	B21.
	Over the past 6 months, have you experienced any of the following?
	
	
	
	YES
	NO

	
	a. 	Problems with your balance
	
	
	
	1
	2

	
	b. 	Weight gain
	
	
	
	1
	2

	
	c. 	Decreased muscle mass (smaller muscles)
	
	
	
	1
	2

	
	d. 	Suddenly feeling hot or flushed (not caused by physical exercise)
	
	
	
	1
	2



	These next questions ask about any symptoms you may have felt since reaching adulthood (21 years and older). 



	B22.
	Since reaching adulthood (21 years and older), have you experienced any of the following?
	
	
	
	YES
	NO

	
	a.	Shrinking testicles
	
	
	
	1
	2

	
	b.	Body hair loss
	
	
	
	1
	2

	
	c.	Breast enlargement
	
	
	
	1
	2



[bookmark: _Toc78567234][bookmark: _Toc78573420]

















[bookmark: _Toc94007856]APPENDIX 9: Nebido – Product information (adapted from Bayer website - https://www.nebido.com/hcp/product-information)
[bookmark: _Toc78567235][bookmark: _Toc78573421]
Physico-Chemical Properties
[bookmark: _Toc78567236][bookmark: _Toc78573422]Chemistry of the Active Substance
The medically active component in Nebido® is TU (3-oxoandrost-4-en-17b-yl-undecanoate). TU is produced through esterification of natural testosterone in the 17β position. Testosterone is a steroid with 19 carbon atoms (chemical formula: C19H28O2; Figure 5). Its chemical name is 17 beta-hydroxyandrost-4-en-3-one.
[image: Alt tag]
Figure 5: Chemical structure of testosterone undecanoate; TU.
[bookmark: _Toc78567237][bookmark: _Toc78573423]Pharmaceutical Details
Nebido® is the first registered TU preparation for intramuscular injection in intervals of 10–14 weeks following an initial 6-week interval. One ampoule contains 1,000 mg of TU in 4 mL of oily vehicle and is available in a corresponding individual packaging. Nebido®contains the following additional constituents: refined castor oil and benzyl benzoate.41
Stability tests have shown that Nebido® is stable at a temperature of 30 °C for at least 24 months and at a temperature of 40 °C for at least 6 months so there are no particular precautions for storing the product. However, Nebido® should not be stored in the refrigerator. Its shelf life is 5 years.41
[bookmark: _Toc78567238][bookmark: _Toc78573424]Pharmacodynamics
TU is an ester of natural testosterone. The active form, testosterone, is produced by hydrolyzation of the ester.
The main testosterone effects occur after the binding of testosterone to its specific receptor. The hormone receptor complex arrives in the cell nucleus where it modulates the transcription of certain genes after binding to the DNA (see Figure 6).42
[image: Alt tag]
Figure 6: The mechanism of action of testosterone.43
[bookmark: _Toc78567239][bookmark: _Toc78573425]Pharmacokinetics
[bookmark: _Toc78567240][bookmark: _Toc78573426]Intro
The major goal of testosterone therapy is the long-term elevation of serum testosterone levels to normal physiological levels in men with hypogonadism.
With Nebido®:
· Stable serum testosterone concentrations within the physiological range are achieved in the first week after the first administration; the testosterone peaks exceeding the physiological range experienced with conventional i.m. injections such as testosterone enanthate or cypionate are largely avoided.
· Serum testosterone levels are maintained within the physiological range when Nebido® is given at intervals of approximately 12 weeks following an initial interval of 6 weeks.
· Serum concentrations of DHT and oestradiol follow the pattern of testosterone.
· Gonadotrophin concentrations decrease with the increase in plasma testosterone concentration.
The administration of 40 mg of oral TU every 8 hours together with fat-rich food leads to short-term increases in serum testosterone rising to within the normal range. Afterwards, the levels decrease quickly (Figure 7).
The administration of 250 mg of injectable TE every 21 days i.m. leads initially to supraphysiological testosterone levels, then later to subnormal values. For about half of the period between injections the patient is over- or under-dosed (Figure 7).44
Administering TU 1,000 mg i.m. every 12 weeks leads to very stable concentrations over a long period, with the peaks and troughs not falling outside the normal range (Figure 7).1
These different durations of action are due to the half-lives, which are dependent on the testosterone ester, the galenic formulation, and the route of administration. Thus, the half-life of injectable TE i.m. is 4.5 days, and of oral TU is 1.6 hours.1 Following i.m. administration of Nebido® the release rate is characterised by a half-life of approximately 90 days.41
[image: Alt tag]
Figure 7: Diagrammatic comparison of the kinetics of testosterone after 3 weeks of i.m. administration of testosterone enanthate, oral administration of testosterone undecanoate several times a day, and administration of Nebido® every 3 months.1
Attention should be given to the following recommendations for the administration of Nebido®:
· First and second administration of Nebido® 6 weeks apart.
· After that, keep to an interval between injections of about 12 weeks.
· The first interval between injections must also be shortened for patients who have switched from other testosterone preparations to Nebido®.
· Ideally one ampoule of Nebido® is injected deeply into the gluteal muscle very slowly over a period of approximately 2 minutes. The use of a 22G needle is recommended.
· Measurement of serum trough testosterone levels and clinical symptoms should be considered for individualization of therapy with Nebido®.
· Serum trough testosterone levels should be in the lower third of the normal range (i.e. 12–18 nmol/L).
· Since steady state serum testosterone levels can be assumed to be achieved after the first six months of treatment, it appears advisable to control serum testosterone before the fourth injection for individualization of therapy (usual spacing between administrations provided).
[bookmark: _Toc78567241][bookmark: _Toc78573427]Absorption
Following i.m. injection of Nebido®, TU is gradually released from the depot into the circulation and cleaved by serum esterases into testosterone and undecanoic acid.30 An increase of serum levels of testosterone above basal values can already be measured one day after administration and maximum concentrations are reached within one to two weeks.45
[bookmark: _Toc78567242][bookmark: _Toc78573428]Distribution, Metabolism and Elimination
Testosterone circulating in the blood is mainly (60%) bound to SHBG -. Both the unbound (free) testosterone (2%) and the testosterone bound to albumin (38%) are biologically active.
Testosterone is metabolized primarily in the liver but also in other organs and tissues, such as the gastrointestinal mucosa, the skin, and adipose tissue. The metabolic reactions include oxidation of the 17-hydroxyl group, 5α-reduction of the double bond in ring A and 3-keto reduction. The enzymes involved are 5α- and 5β -reductases, 17β -hydroxysteroid dehydrogenase and 3α- and 3β -hydroxysteroid dehydrogenases. In addition, testosterone can be hydroxylated at different positions of the steroid skeleton. Several cytochrome P450 (CYP)-dependent enzymes are involved in these hydroxylation reactions, CYP3A4 being the most important one. The majority of metabolites are intrinsically inactive. The predominant metabolites are androstenedione, androsterone, and etiocholanolone.
The metabolism of testosterone can also produce active metabolites. Reduction by 5α-reductase produces DHT, a potent androgen, and aromatization by aromatase produces oestradiol, a potent estrogen. Conjugation of the metabolites with sulphuric or glucuronic acid generates highly polar and water-soluble metabolites which can be excreted via urine and faeces.
After the administration of radio-labeled testosterone, about 90% of the radioactivity appears in the urine as glucuronic and sulphuric acid conjugates, and 6% appears in the faeces after undergoing enterohepatic circulation. Urinary-excreted products include androsterone and etiocholanolone.

[bookmark: _Toc78567243][bookmark: _Toc78573429]Pharmacokinetics of Testosterone, Oestradiol and DHT Following Injections of Nebido®

The pharmacokinetics of testosterone were investigated in hypogonadal men after single and multiple i.m. administration of Nebido® exploring different dosing regimens.
[bookmark: _Toc78567244][bookmark: _Toc78573430]Single-Dose Administration
Following a single administration of Nebido® to 14 hypogonadal men, 2 days after the injection testosterone levels of 12.3 ± 1.7 nmol/L were reached and within 7 days, mean maximum testosterone concentrations were 22.0 ± 2.0 nmol/L and were reached within about 14 days post administration. Testosterone levels remained in the therapeutic range for 6–8 weeks (Figure 8).45
[image: Alt tag]
Figure 8: Mean serum testosterone levels (± standard deviation [SD]) in 14 hypogonadal men after a single i.m. administration of Nebido®.45
The oestradiol and DHT levels rose in parallel with the testosterone levels. Between day 7 and day 14 after the injection, DHT reached maximum values of 1.4 ± 0.3 nmol/L. The DHT level remained above the starting value for over 8 weeks (Figure 9). The serum oestradiol concentration rose significantly to a mean maximum value of 99.0 ± 9.0 pmol/L at day 14 after i.m. administration of Nebido® (Figure 10).45
[image: Alt tag]
Figure 9: Mean DHT serum concentrations (± SD) in 14 hypogonadal men after a single i.m. administration of Nebido®.45
[image: Alt tag]
Figure 10: Mean oestradiol serum concentrations (± SD) in 14 hypogonadal men after a single i.m. administration of Nebido®.45
[bookmark: _Toc78567245][bookmark: _Toc78573431]Multiple-Dose Administration
Kinetic investigations after repeated administration of Nebido® have been undertaken in several clinical studies.
[bookmark: _Toc78567246][bookmark: _Toc78573432]Nieschlag et al. Clin Endocrinol 1990
In an open-label study 14 hypogonadal men first received four injections of Nebido®at intervals of 6 weeks. After the third injection, mean maximum testosterone values above the normal range were observed (Figure 11).46
 
[image: Alt tag]
Figure 11: Mean serum testosterone concentrations (± SD) in 14 hypogonadal men after repeated i.m. administration of Nebido® at intervals of 6 weeks.46
Because of the observed accumulation of testosterone when Nebido® is administered at intervals of six weeks, 7 of the 14 patients subsequently received another 5 injections at intervals of 7–11 weeks, followed by 5 injections at intervals of 12 weeks. In only two patients did the treatment interval of up to 12 weeks lead to testosterone concentrations below the normal range right before the next injection; in all other patients, concentrations were within the normal range (Figure 12).47
This study demonstrated that testosterone levels do not accumulate with an injection interval of 12 weeks.47
[image: Alt tag]
Figure 12: Mean serum testosterone concentrations (± SD) in 14 / 7 hypogonadal men after repeated i.m. administration of Nebido® at intervals of 4 x 6 weeks, 5 x 7–11 weeks and 5 x 12 weeks.47
Figure 13 shows the serum testosterone concentrations after the first injection and after the 13th injection in long-term therapy with Nebido®.
Two cumulative registry studies examined the use of Nebido® in (mainly elderly) men with subnormal plasma total testosterone levels. The first study enrolled 255 patients (mean age 58 years; mean plasma total testosterone 9.93 ± 1.38 nmol/L),48 while the second enrolled 261 patients (mean age 59.5 years; mean plasma total testosterone 7.7 ± 2.1 nmol/L);49 all patients received Nebido® (1,000 mg) administered at baseline and 6 weeks and thereafter every 12 weeks for up to 60 months. Both studies demonstrated significant increases in total testosterone; within the first 12 months trough levels were 18 and 16.2 nmol/L, respectively and then stabilised to ~18 nmol/L for the remainder of the observation periods.
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Figure 13: Mean serum testosterone concentrations (± SD) after the first and 13th injection of Nebido®.47
In a similar 60-month prospective study, treatment with Nebido® (n=20) was compared with no treatment (n=20) in men aged from 45 to 65 years with total serum testosterone levels below 11 nmol/L.50 At baseline, there was no significant difference between total serum testosterone levels in control patients (9.0 ± 1.7 nmol/L) and Nebido® recipients (8.3 ± 2.4 nmol/L). However, over 12, 24, 36, 48 and 60 months, levels of total serum testosterone in the Nebido® group increased and were significantly higher than the control group (Figure 14).
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Figure 14: Mean trough total serum testosterone among hypogonadal men who received Nebido® or no treatment (matched controls) for up to 60 months.50
Even after repeated administration, the courses of DHT and oestradiol levels followed that of total testosterone. The gonadotrophins (LH and follicle-stimulating hormone [FSH]) are effectively suppressed.47 As a result, spermiogenesis decreases and reduction in testicular volume may occur. SHBG decreases slightly at the beginning of treatment with Nebido®, but following this SHBG levels remain constantly within the normal range.47 Results from a study in 122 patients with hypogonadism confirmed the effect of multiple-dose administration of Nebido® on DHT levels; DHT levels were maintained within the normal physiological range, with no clinically abnormally high or low values.51
The following conclusions for the dosage regimen can be deduced from the results of the kinetic investigations on testosterone concentrations:
Three days after administration of Nebido® the testosterone plasma levels are restored to the eugonadal range.
· A loading interval (second injection after 6 weeks) is required.
· The first interval between injections must also be shortened to six weeks for patients who have switched from other testosterone preparations to Nebido®, under observation of clinical symptoms.
· Even 12 weeks after administration of Nebido®, testosterone levels are usually still in the eugonadal range. Thus the recommended dosage interval is (Figure 15):
· Interval between first two injections: 6 weeks
· Subsequent extension of the interval between injections to about 12 weeks34,39
· Measurement of serum trough testosterone levels and clinical symptoms should be considered for individualization of therapy with Nebido®.
· Serum trough testosterone levels should be in the lower third of the normal range.
· Since steady state serum testosterone levels can be assumed to be achieved after the first six months of treatment, it appears advisable to control serum testosterone before the fourth injection (usual spacing between administrations provided).
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Figure 15: Recommended treatment regimen.
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Although the majority of patients achieve testosterone levels within the eugonadal range within 18 weeks using the standard dosing schedule for Nebido®, adjustment of dosing frequency may need to be considered for some patients.
Patient characteristics that may affect dosing interval include:52-54
· Type and aetiology of hypogonadism
· Age
· Size (body weight, body mass index [BMI], body surface area)
· Baseline testosterone level
· Polymorphisms in genes affecting testosterone metabolism and androgen sensitivity
A retrospective study of 51 patients found that those with primary hypogonadism had significantly higher total testosterone and SHBG levels after 18 weeks of treatment with Nebido® than those with secondary hypogonadism.52 In this study, age was positively correlated with total testosterone and bioavailable testosterone levels at 18 weeks, whereas body weight, BMI and body surface area were negatively correlated (p≤0.05 for all). Age (p=0.05) and baseline testosterone levels (p<0.0001) were independent predictors of the increase in total testosterone at 18 weeks.
Polymorphisms in glucuronosyltransferase genes and androgen receptor genes could theoretically affect testosterone concentrations during treatment with Nebido®. A study examining the impact of the UGT2B17 polymorphism in 207 hypogonadal men treated with Polymorphisms in glucuronosyltransferase genes and androgen receptor genes could theoretically affect testosterone concentrations during treatment with Nebido®. A study examining the impact of the UGT2B17 polymorphism in 207 hypogonadal men treated with Nebido® showed only modest influence on TU pharmacokinetics and minor differences in serum testosterone and LH levels. Men who were homozygous for the deletion polymorphism had reduced testosterone excretion rates and hence higher serum testosterone levels; however, marked inter- and intra-individual variability in testosterone levels was observed.54 A study in 66 hypogonadal men who received ≥5 doses of Nebido® at 10–14-week intervals showed that those with longer CAG repeats in the androgen receptor gene, and hence lower testosterone levels, had reduced androgen effects.53 A study in patients with postsurgical hypogonadotropic hypogonadism also found that CAG repeat length affected response to testosterone therapy, with patients having shorter CAG repeats having greater increases in testosterone, oestradiol, and IGF-1 levels from baseline.55 Similarly, in a retrospective study of 73 men with late onset hypogonadism, longer length of androgen receptor CAG repeat tract appeared to lower the extent of improvements in sexual function following testosterone-replacement therapy.56
[bookmark: _Toc78567249][bookmark: _Toc78573435]Toxicology
The toxicity profile of Nebido® has been established mainly from the results of the preclinical studies that have been carried out with other testosterone esters or free testosterone.
No effects which might indicate an unexpected risk to humans were observed during repeated-dose toxicity studies after repeated administration of the enanthate ester of testosterone. TU was not mutagenic in the standard battery of in vitro and in vivo mutagenicity tests. Studies in rodents indicate a promoting effect of testosterone or its esters on the development of hormone-dependent tumours. No clear correlation between these data and the existence of an actual risk for humans could be established. However, it is known that sex hormones in general can enhance the development of hormone-dependent tissues and tumours.
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Patient ID: 								Study Number: B490
CONSENT FORM
“Effects of testosterone on glycaemic control and other Cardiovascular Risk factors in Hypogonadal Men with uncontrolled Type 2 Diabetes: A randomized double – blinded placebo controlled add on trial using depot testosterone undecanoate” (STRIDe Study)
Initial Boxes

1. I confirm that I have read and understand the information sheet Version ______dated _________and have had the opportunity to ask questions.

2. I understand that my participation is voluntary and that I am free to withdraw at any time, without giving any reason, without my medical care or legal rights being affected.

3. I agree to blood samples being kept for 7 years from the study finish date for future tests into the role of testosterone in diabetes or cardiovascular (circulation) disease.

4. I voluntarily agree that my blood samples can be used for genetic research (optional).


5. I understand that relevant sections of my medical notes and data collected during the study may be looked at by the individuals from the research team, from regulatory authorities, the pharmaceutical company providing investigational medicinal product or from the NHS trust, where it is relevant to my taking part in this research. I give permission for these individuals to have access to my records.

6. I am consenting for the research team to use the relevant clinical data from my medical records collected as a part of my routing clinical practice for research analysis.
7. I am consenting for the research team to inform my GP about my participation in the study.

8. I agree to take part in this study.

……………………..                          ………….                 …………………
Name of the patient                           Date                          Signature
……………………..                          ………….                 …………………
Name of the researcher                     Date                          Signature
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Tot fat %

Tot fat %	3.024252445680137	2.9448438139893809	2.774060074422815	4.4069542983223355	2.3944348833050948	1.9722730717430088	2.6983345885006589	3.292091797168812	2.9883358857912046	4.1097533554201009	3.1134077184666631	2.6424165454038167	2.4989145877361865	2.8390700652469385	2.7587871011955318	2.4442453782224067	3.6862877248946244	3.1968777115878511	3.0456138579129006	3.2138663398026726	3.6313331454614666	2.5255165669067807	1.4877991691834513	1.9296713574726325	2.5464163093385004	3.1838943122506822	0.91878060961657237	2.0306598387327779	2.4203841238927866	2.5548855765772287	3.2045140274726016	1.438817028964845	2.0074644828762187	3.171246062503061	3.5023702182154914	3.2587252119320436	3.192513866012705	3.2714093280025773	1.4325527385161498	3.4799969642655699	3.3451522781388099	3.0391294621860938	1.8385387330870786	2.8536929084880986	2.844417419247645	3.2120478617385113	2.7521857991901295	3.8691483165001213	1.9745992073260583	3.3476417383565344	2.9792403120557474	2.6387557530997725	2.3500898320244832	2.3071298227636183	3.7824967181158509	3.0127556436711651	3.5919406055166885	3.0304319972798459	41	33.9	35.799999999999997	31	43.9	32.1	30.4	27.9	34.9	28.2	29.1	30.1	32.1	30.1	24.6	23.7	29.2	28.8	29.8	30.2	28.8	33.799999999999997	32	36.200000000000003	47.3	39.1	42.4	42.1	40.200000000000003	34.799999999999997	28.5	45.5	47.4	30.7	30.8	37.799999999999997	27.9	36.299999999999997	38.700000000000003	33.6	32.700000000000003	37.4	37.1	26.8	37.4	30.4	27.1	26.6	41.2	31.3	32.700000000000003	26.1	25.1	32	36.4	24.3	27.3	29.9	cBT
Tot fat %
 
L leg Fat mass(g)	81.586649051622416	91.043132822679539	81.586649051622416	91.043132822679539	Active	Placebo	-347	399.69132000000002	L leg Fat mass(g)

Mean L leg Fat mass (g)± SE


Percentage in circulation	SHBG bound Testosterone (50-80%)	Albumin bound Testosterone (20-50%)	Free Tesosterone (unbound)(1-3%) 	65	33	3	

Baseline	7	8.67	7	8.67	Active Group	Placebo Group	61.45	64.790000000000006	Post Treatment	12.59	13.29	12.59	13.29	Active Group	Placebo Group	65.099999999999994	67.42	groups


mean hba1c




Baseline	2.76	3.31	2.76	3.31	Active Group	Placebo Group	9.64	9.92	Post Treatment	2.5499999999999998	2.87	2.5499999999999998	2.87	Active Group	Placebo Group	9.35	9.91	groups


mean pl. gliucose




1	Baseline	3 Months	6 Months	55	54	62	2	Baseline	3 Months	6 Months	56	62	76	3	Baseline	3 Months	6 Months	64	72	63	4	Baseline	3 Months	6 Months	53	50	46	5	Baseline	3 Months	6 Months	54	53	51	6	Baseline	3 Months	6 Months	57	42	39	7	Baseline	3 Months	6 Months	64	66	74	8	Baseline	3 Months	6 Months	68	65	79	9	Baseline	3 Months	6 Months	65	67	79	10	Baseline	3 Months	6 Months	62	61	65	11	Baseline	3 Months	6 Months	49	48	12	Baseline	3 Months	6 Months	61	59	60	13	Baseline	3 Months	6 Months	52	57	63	14	Baseline	3 Months	6 Months	63	54	56	15	Baseline	3 Months	6 Months	58	52	61	16	Baseline	3 Months	6 Months	62	60	63	17	Baseline	3 Months	6 Months	66	70	71	18	Baseline	3 Months	6 Months	58	52	61	19	Baseline	3 Months	6 Months	75	82	71	20	Baseline	3 Months	6 Months	60	48	53	21	Baseline	3 Months	6 Months	65	57	56	22	Baseline	3 Months	6 Months	68	72	73	23	Baseline	3 Months	6 Months	75	66	65	24	Baseline	3 Months	6 Months	76	71	83	25	Baseline	3 Months	6 Months	54	56	26	Baseline	3 Months	6 Months	58	59	74	27	Baseline	3 Months	6 Months	72	71	85	28	Baseline	3 Months	6 Months	61	80	95	29	Baseline	3 Months	6 Months	54	55	55	30	Baseline	3 Months	6 Months	63	78	78	31	Baseline	3 Months	6 Months	57	55	57	Time


HbA1c




1	Baseline	3 Months	6 Months	65	72	62	2	Baseline	3 Months	6 Months	59	61	55	3	Baseline	3 Months	6 Months	71	65	62	4	Baseline	3 Months	6 Months	62	58	74	5	Baseline	3 Months	6 Months	57	58	54	6	Baseline	3 Months	6 Months	92	119	113	7	Baseline	3 Months	6 Months	53	62	63	8	Baseline	3 Months	6 Months	73	65	69	9	Baseline	3 Months	6 Months	55	55	58	10	Baseline	3 Months	6 Months	54	56	11	Baseline	3 Months	6 Months	69	56	82	12	Baseline	3 Months	6 Months	59	55	57	13	Baseline	3 Months	6 Months	65	81	84	14	Baseline	3 Months	6 Months	72	70	83	15	Baseline	3 Months	6 Months	74	64	16	Baseline	3 Months	6 Months	74	72	78	17	Baseline	3 Months	6 Months	74	73	73	18	Baseline	3 Months	6 Months	73	73	85	19	Baseline	3 Months	6 Months	61	51	50	20	Baseline	3 Months	6 Months	69	61	57	21	Baseline	3 Months	6 Months	55	58	64	22	Baseline	3 Months	6 Months	73	67	76	23	Baseline	3 Months	6 Months	64	67	67	24	Baseline	3 Months	6 Months	57	66	61	25	Baseline	3 Months	6 Months	59	52	45	26	Baseline	3 Months	6 Months	62	66	69	27	Baseline	3 Months	6 Months	71	71	56	28	Baseline	3 Months	6 Months	71	75	74	29	Baseline	3 Months	6 Months	60	63	63	30	Baseline	3 Months	6 Months	57	71	68	31	Baseline	3 Months	6 Months	68	68	83	32	Baseline	3 Months	6 Months	52	53	59	33	Baseline	3 Months	6 Months	58	58	61	Time


HbA1c




Active Group	
Increased	Decreased	No Change	43.333333333333336	56.666666666666664	0	Placebo Group	
Increased	Decreased	No Change	41.935483870967744	41.935483870967744	16.129032258064516	
percentage of patients hbA1c




Active Group	
Increased	Decreased	No Change	62.5	34.375	3.125	Placebo Group	
Increased	Decreased	No Change	63.636363636363633	36.363636363636367	0	
PerCENTAGE OF PATIENT'S HBA1C




Total Testosterone 	44.7	38.700000000000003	37.9	31.3	38.9	35.700000000000003	33.1	27.6	44.4	33.5	34.6	37.5	34.6	27.9	34.4	31.4	30.4	26	32.6	33.1	34.1	39.700000000000003	34.4	35.200000000000003	31.5	31.7	44.9	38.799999999999997	36.799999999999997	44.7	44.5	35.5	35.6	47	51.8	30.3	31.8	33.9	26.2	38.200000000000003	40.5	36.1	24.3	30.7	36	35.6	34.6	31.6	37.799999999999997	26.3	34.6	34.1	31.5	24.5	43.9	29.2	31.6	31.5	28.3	27.8	31.5	38.700000000000003	26.2	26.6	32.5	9.6	9	7.9	11.9	7.9	5.2	8.6999999999999993	10.5	9.6	11.2	10.4	10.9	7.4	8	9.3000000000000007	7.9	6.5	10	11.6	8.1999999999999993	10.1	10.3	10.8	6.6	5.2	6.6	11.3	9.1999999999999993	2.1	6.5	8.1	8.1	10.199999999999999	4.5999999999999996	5.8	9.6999999999999993	9.6	10.8	12.1	9.4	4	11.7	8.4	10.1	11.7	9.5	8.6	6.4	9.9	8.4	9.3000000000000007	9.9	9.6999999999999993	16.899999999999999	6.9	11.2	9.5	7.6	8	8.4	6.1	10.8	8.9	9.8000000000000007	9	BMI


Total Testosteone (nmol/l)



FT	44.7	38.700000000000003	37.9	31.3	38.9	35.700000000000003	33.1	27.6	44.4	33.5	34.6	37.5	34.6	27.9	34.4	31.4	30.4	26	32.6	33.1	34.1	39.700000000000003	34.4	35.200000000000003	31.5	31.7	44.9	38.799999999999997	36.799999999999997	44.7	44.5	35.5	35.6	47	51.8	30.3	31.8	33.9	26.2	38.200000000000003	40.5	36.1	24.3	30.7	36	35.6	34.6	31.6	37.799999999999997	26.3	34.6	34.1	31.5	24.5	43.9	29.2	31.6	31.5	28.3	27.8	31.5	38.700000000000003	26.2	26.6	32.5	0.19408107426786128	0.19721314850000976	0.1973117177222167	0.3495842286006009	0.1381654962890651	0.14112814005744867	0.16538697562948795	0.18813528183625372	0.32106049580811807	0.18642107236671479	0.18726257422578246	0.18902798045691729	0.15236799695134312	0.17174474293447317	0.19512062853727793	0.17898162418344901	0.16949609281283498	0.24976051112714243	0.246476071209597	0.18356310086629959	0.20623357131505857	0.2608695652173913	0.18744070004100799	7.0441468011639669E-2	0.10014662031608647	7.7146601541288801E-2	0.22903867072248166	6.4641719553038934E-2	0.11896857421978015	0.13672134248982104	0.15866981928859247	0.20743894085181117	7.9411040848506295E-2	0.13371612746592715	0.21530651808508222	0.26582506146698842	0.1996592389997382	0.151107446609894	0.23758675351244965	9.3981486273959428E-2	0.21169221008617309	0.20173011156755774	0.24972940077596051	0.18831130765430909	0.19923492422865152	0.1135875636630011	9.1424948625659835E-2	0.19787465194479442	0.17263583168746105	0.21670504319109471	0.14575013679376247	0.13646777597962728	9.8890036942944196E-2	0.20335137032365658	0.189407626130245	0.18429275973759304	0.14995598513101929	0.11684919252518618	0.16819056929617468	0.2833395568632871	0.2102268620922943	0.27442014903152567	0.21056124379991867	BMI


cFT



BT	44.7	38.700000000000003	37.9	31.3	38.9	35.700000000000003	33.1	27.6	44.4	33.5	34.6	37.5	34.6	27.9	34.4	31.4	30.4	26	32.6	33.1	34.1	39.700000000000003	34.4	35.200000000000003	31.5	31.7	44.9	38.799999999999997	36.799999999999997	44.7	44.5	35.5	35.6	47	51.8	30.3	31.8	33.9	26.2	38.200000000000003	40.5	36.1	24.3	30.7	36	35.6	34.6	31.6	37.799999999999997	26.3	34.6	34.1	31.5	24.5	43.9	29.2	31.6	31.5	28.3	27.8	31.5	38.700000000000003	26.2	26.6	32.5	3.024252445680137	2.9448438139893809	2.774060074422815	4.4069542983223355	2.3944348833050948	1.9722730717430088	2.6983345885006589	3.292091797168812	2.9883358857912046	4.1097533554201009	3.1134077184666631	3.2032569795657233	2.6424165454038167	2.4989145877361865	2.8390700652469385	2.7587871011955318	2.4442453782224067	2.9453801116143068	3.6862877248946244	3.1968777115878511	3.0456138579129006	3.2138663398026726	3.6313331454614666	2.5255165669067807	1.4877991691834513	1.9296713574726325	2.5464163093385004	3.1838943122506822	0.91878060961657237	2.0306598387327779	2.4203841238927866	2.5548855765772287	3.2045140274726016	1.438817028964845	2.0074644828762187	3.171246062503061	3.5023702182154914	3.2587252119320436	3.192513866012705	3.2714093280025773	1.4325527385161498	3.4799969642655699	2.8794387032995021	3.4549080962916476	3.3451522781388099	3.0391294621860938	2.364145501232747	1.8385387330870786	2.8536929084880986	2.844417419247645	3.2120478617385113	2.7521857991901295	3.8691483165001213	1.9745992073260583	3.3476417383565344	2.9792403120557474	2.6387557530997725	2.4840733068366534	2.3500898320244832	2.3071298227636183	3.7824967181158509	3.0127556436711651	3.5919406055166885	3.0304319972798459	BMI


cBT



Total Testosterone 	1.1919999999999999	0.9838709677419355	1.0082644628099173	1.0857142857142856	1.1284046692607004	1.008695652173913	0.92920353982300885	1.0198019801980198	0.92366412213740456	1.0925925925925926	1	1	0.98913043478260865	1.0153061224489797	1.0347826086956522	1.045045045045045	0.97115384615384615	0.93137254901960786	1.0841121495327102	1	0.94871794871794868	1.0782608695652174	1.0841121495327102	0.97520661157024791	0.94067796610169496	0.99152542372881358	1.0264900662251655	1.1101694915254237	1.0155038759689923	1.0188679245283019	1.0735294117647058	1.0135746606334841	1.1192660550458715	0.93377483443708609	1.0921501706484642	1.0571428571428572	0.93693693693693691	0.95238095238095233	0.93814432989690721	1.0811965811965811	1.1040000000000001	0.9874476987447699	0.89898989898989901	1	1.0714285714285714	1.0619469026548674	0.98672566371681414	0.93449781659388642	1.0526315789473684	0.97	1	1.0442477876106195	0.98319327731092432	0.95918367346938771	1.0150375939849625	1.0285714285714285	0.9642857142857143	0.98076923076923073	0.95918367346938771	1	0.98113207547169812	1.0555555555555556	0.97169811320754718	0.98113207547169812	1.0446428571428572	9.6	9	7.9	11.9	7.9	5.2	8.6999999999999993	10.5	9.6	11.2	10.4	10.9	7.4	8	9.3000000000000007	7.9	6.5	10	11.6	8.1999999999999993	10.1	10.3	10.8	6.6	5.2	6.6	11.3	9.1999999999999993	2.1	6.5	8.1	8.1	10.199999999999999	4.5999999999999996	5.8	9.6999999999999993	9.6	10.8	12.1	9.4	4	11.7	8.4	10.1	11.7	9.5	8.6	6.4	9.9	8.4	9.3000000000000007	9.9	9.6999999999999993	16.899999999999999	6.9	11.2	9.5	7.6	8	8.4	6.1	10.8	8.9	9.8000000000000007	9	WC/HC


TT



FT	1.1919999999999999	0.9838709677419355	1.0082644628099173	1.0857142857142856	1.1284046692607004	1.008695652173913	0.92920353982300885	1.0198019801980198	0.92366412213740456	1.0925925925925926	1	1	0.98913043478260865	1.0153061224489797	1.0347826086956522	1.045045045045045	0.97115384615384615	0.93137254901960786	1.0841121495327102	1	0.94871794871794868	1.0782608695652174	1.0841121495327102	0.97520661157024791	0.94067796610169496	0.99152542372881358	1.0264900662251655	1.1101694915254237	1.0155038759689923	1.0188679245283019	1.0735294117647058	1.0135746606334841	1.1192660550458715	0.93377483443708609	1.0921501706484642	1.0571428571428572	0.93693693693693691	0.95238095238095233	0.93814432989690721	1.0811965811965811	1.1040000000000001	0.9874476987447699	0.89898989898989901	1	1.0714285714285714	1.0619469026548674	0.98672566371681414	0.93449781659388642	1.0526315789473684	0.97	1	1.0442477876106195	0.98319327731092432	0.95918367346938771	1.0150375939849625	1.0285714285714285	0.9642857142857143	0.98076923076923073	0.95918367346938771	1	0.98113207547169812	1.0555555555555556	0.97169811320754718	0.98113207547169812	1.0446428571428572	0.19408107426786128	0.19721314850000976	0.1973117177222167	0.3495842286006009	0.1381654962890651	0.14112814005744867	0.16538697562948795	0.18813528183625372	0.32106049580811807	0.18642107236671479	0.18726257422578246	0.18902798045691729	0.15236799695134312	0.17174474293447317	0.19512062853727793	0.17898162418344901	0.16949609281283498	0.24976051112714243	0.246476071209597	0.18356310086629959	0.20623357131505857	0.2608695652173913	0.18744070004100799	7.0441468011639669E-2	0.10014662031608647	7.7146601541288801E-2	0.22903867072248166	6.4641719553038934E-2	0.11896857421978015	0.13672134248982104	0.15866981928859247	0.20743894085181117	7.9411040848506295E-2	0.13371612746592715	0.21530651808508222	0.26582506146698842	0.1996592389997382	0.151107446609894	0.23758675351244965	9.3981486273959428E-2	0.21169221008617309	0.20173011156755774	0.24972940077596051	0.18831130765430909	0.19923492422865152	0.1135875636630011	9.1424948625659835E-2	0.19787465194479442	0.17263583168746105	0.21670504319109471	0.14575013679376247	0.13646777597962728	9.8890036942944196E-2	0.20335137032365658	0.189407626130245	0.18429275973759304	0.14995598513101929	0.11684919252518618	0.16819056929617468	0.2833395568632871	0.2102268620922943	0.27442014903152567	0.21056124379991867	WC/HC


cFT



BT	1.1919999999999999	0.9838709677419355	1.0082644628099173	1.0857142857142856	1.1284046692607004	1.008695652173913	0.92920353982300885	1.0198019801980198	0.92366412213740456	1.0925925925925926	1	1	0.98913043478260865	1.0153061224489797	1.0347826086956522	1.045045045045045	0.97115384615384615	0.93137254901960786	1.0841121495327102	1	0.94871794871794868	1.0782608695652174	1.0841121495327102	0.97520661157024791	0.94067796610169496	0.99152542372881358	1.0264900662251655	1.1101694915254237	1.0155038759689923	1.0188679245283019	1.0735294117647058	1.0135746606334841	1.1192660550458715	0.93377483443708609	1.0921501706484642	1.0571428571428572	0.93693693693693691	0.95238095238095233	0.93814432989690721	1.0811965811965811	1.1040000000000001	0.9874476987447699	0.89898989898989901	1	1.0714285714285714	1.0619469026548674	0.98672566371681414	0.93449781659388642	1.0526315789473684	0.97	1	1.0442477876106195	0.98319327731092432	0.95918367346938771	1.0150375939849625	1.0285714285714285	0.9642857142857143	0.98076923076923073	0.95918367346938771	1	0.98113207547169812	1.0555555555555556	0.97169811320754718	0.98113207547169812	1.0446428571428572	3.024252445680137	2.9448438139893809	2.774060074422815	4.4069542983223355	2.3944348833050948	1.9722730717430088	2.6983345885006589	3.292091797168812	2.9883358857912046	4.1097533554201009	3.1134077184666631	3.2032569795657233	2.6424165454038167	2.4989145877361865	2.8390700652469385	2.7587871011955318	2.4442453782224067	2.9453801116143068	3.6862877248946244	3.1968777115878511	3.0456138579129006	3.2138663398026726	3.6313331454614666	2.5255165669067807	1.4877991691834513	1.9296713574726325	2.5464163093385004	3.1838943122506822	0.91878060961657237	2.0306598387327779	2.4203841238927866	2.5548855765772287	3.2045140274726016	1.438817028964845	2.0074644828762187	3.171246062503061	3.5023702182154914	3.2587252119320436	3.192513866012705	3.2714093280025773	1.4325527385161498	3.4799969642655699	2.8794387032995021	3.4549080962916476	3.3451522781388099	3.0391294621860938	2.364145501232747	1.8385387330870786	2.8536929084880986	2.844417419247645	3.2120478617385113	2.7521857991901295	3.8691483165001213	1.9745992073260583	3.3476417383565344	2.9792403120557474	2.6387557530997725	2.4840733068366534	2.3500898320244832	2.3071298227636183	3.7824967181158509	3.0127556436711651	3.5919406055166885	3.0304319972798459	WC/HC


cBT



Total Testosterone 	40.700000000000003	38.1	37.9	33.6	45.1	43.8	33.799999999999997	30.5	39	36.799999999999997	32.700000000000003	39.799999999999997	38.799999999999997	30.1	37.1	27.3	32.200000000000003	25.3	32.299999999999997	33.799999999999997	32.200000000000003	36.200000000000003	34	33	32.6	36.6	45.4	41.5	46.4	51.2	41.8	36.5	33.5	46.8	55	35.299999999999997	28.6	37.6	23	37	43.6	40.200000000000003	21.8	27.3	27	39.1	33.799999999999997	38.4	37.4	22.1	45	35.700000000000003	30.2	22.2	39	29.7	36.799999999999997	30.6	24.4	21.2	34.6	40.700000000000003	22.7	24.3	34.299999999999997	9.6	9	7.9	11.9	7.9	5.2	8.6999999999999993	10.5	9.6	11.2	10.4	10.9	7.4	8	9.3000000000000007	7.9	6.5	10	11.6	8.1999999999999993	10.1	10.3	10.8	6.6	5.2	6.6	11.3	9.1999999999999993	2.1	6.5	8.1	8.1	10.199999999999999	4.5999999999999996	5.8	9.6999999999999993	9.6	10.8	12.1	9.4	4	11.7	8.4	10.1	11.7	9.5	8.6	6.4	9.9	8.4	9.3000000000000007	9.9	9.6999999999999993	16.899999999999999	6.9	11.2	9.5	7.6	8	8.4	6.1	10.8	8.9	9.8000000000000007	9	%FAT


TT



FT	40.700000000000003	38.1	37.9	33.6	45.1	43.8	33.799999999999997	30.5	39	36.799999999999997	32.700000000000003	39.799999999999997	38.799999999999997	30.1	37.1	27.3	32.200000000000003	25.3	32.299999999999997	33.799999999999997	32.200000000000003	36.200000000000003	34	33	32.6	36.6	45.4	41.5	46.4	51.2	41.8	36.5	33.5	46.8	55	35.299999999999997	28.6	37.6	23	37	43.6	40.200000000000003	21.8	27.3	27	39.1	33.799999999999997	38.4	37.4	22.1	45	35.700000000000003	30.2	22.2	39	29.7	36.799999999999997	30.6	24.4	21.2	34.6	40.700000000000003	22.7	24.3	34.299999999999997	0.19408107426786128	0.19721314850000976	0.1973117177222167	0.3495842286006009	0.1381654962890651	0.14112814005744867	0.16538697562948795	0.18813528183625372	0.32106049580811807	0.18642107236671479	0.18726257422578246	0.18902798045691729	0.15236799695134312	0.17174474293447317	0.19512062853727793	0.17898162418344901	0.16949609281283498	0.24976051112714243	0.246476071209597	0.18356310086629959	0.20623357131505857	0.2608695652173913	0.18744070004100799	7.0441468011639669E-2	0.10014662031608647	7.7146601541288801E-2	0.22903867072248166	6.4641719553038934E-2	0.11896857421978015	0.13672134248982104	0.15866981928859247	0.20743894085181117	7.9411040848506295E-2	0.13371612746592715	0.21530651808508222	0.26582506146698842	0.1996592389997382	0.151107446609894	0.23758675351244965	9.3981486273959428E-2	0.21169221008617309	0.20173011156755774	0.24972940077596051	0.18831130765430909	0.19923492422865152	0.1135875636630011	9.1424948625659835E-2	0.19787465194479442	0.17263583168746105	0.21670504319109471	0.14575013679376247	0.13646777597962728	9.8890036942944196E-2	0.20335137032365658	0.189407626130245	0.18429275973759304	0.14995598513101929	0.11684919252518618	0.16819056929617468	0.2833395568632871	0.2102268620922943	0.27442014903152567	0.21056124379991867	%FAT


cFT



BT	40.700000000000003	38.1	37.9	33.6	45.1	43.8	33.799999999999997	30.5	39	36.799999999999997	32.700000000000003	39.799999999999997	38.799999999999997	30.1	37.1	27.3	32.200000000000003	25.3	32.299999999999997	33.799999999999997	32.200000000000003	36.200000000000003	34	33	32.6	36.6	45.4	41.5	46.4	51.2	41.8	36.5	33.5	46.8	55	35.299999999999997	28.6	37.6	23	37	43.6	40.200000000000003	21.8	27.3	27	39.1	33.799999999999997	38.4	37.4	22.1	45	35.700000000000003	30.2	22.2	39	29.7	36.799999999999997	30.6	24.4	21.2	34.6	40.700000000000003	22.7	24.3	34.299999999999997	3.024252445680137	2.9448438139893809	2.774060074422815	4.4069542983223355	2.3944348833050948	1.9722730717430088	2.6983345885006589	3.292091797168812	2.9883358857912046	4.1097533554201009	3.1134077184666631	3.2032569795657233	2.6424165454038167	2.4989145877361865	2.8390700652469385	2.7587871011955318	2.4442453782224067	2.9453801116143068	3.6862877248946244	3.1968777115878511	3.0456138579129006	3.2138663398026726	3.6313331454614666	2.5255165669067807	1.4877991691834513	1.9296713574726325	2.5464163093385004	3.1838943122506822	0.91878060961657237	2.0306598387327779	2.4203841238927866	2.5548855765772287	3.2045140274726016	1.438817028964845	2.0074644828762187	3.171246062503061	3.5023702182154914	3.2587252119320436	3.192513866012705	3.2714093280025773	1.4325527385161498	3.4799969642655699	2.8794387032995021	3.4549080962916476	3.3451522781388099	3.0391294621860938	2.364145501232747	1.8385387330870786	2.8536929084880986	2.844417419247645	3.2120478617385113	2.7521857991901295	3.8691483165001213	1.9745992073260583	3.3476417383565344	2.9792403120557474	2.6387557530997725	2.4840733068366534	2.3500898320244832	2.3071298227636183	3.7824967181158509	3.0127556436711651	3.5919406055166885	3.0304319972798459	%FAT


cBT



Total Testosterone 	65.7	43.6	42.5	32.6	62	47.9	35.5	24.6	51.8	39	34.299999999999997	48.4	42.1	23.7	37.299999999999997	30.9	30.6	19.7	32.700000000000003	33.5	32.1	43	35.4	35.06	31.1	35.5	67.5	46.5	50.5	67.7	58.9	34.799999999999997	36.200000000000003	64.3	102.8	33.200000000000003	26.6	40.9	16.399999999999999	42.8	62.4	48	16.2	29.7	27.4	42.7	37.9	35.5	41.4	17	48.2	39	31.6	17.100000000000001	48.3	28.4	38.1	30.8	20.399999999999999	19.3	29.7	52.2	21	23.6	33.4	9.6	9	7.9	11.9	7.9	5.2	8.6999999999999993	10.5	9.6	11.2	10.4	10.9	7.4	8	9.3000000000000007	7.9	6.5	10	11.6	8.1999999999999993	10.1	10.3	10.8	6.6	5.2	6.6	11.3	9.1999999999999993	2.1	6.5	8.1	8.1	10.199999999999999	4.5999999999999996	5.8	9.6999999999999993	9.6	10.8	12.1	9.4	4	11.7	8.4	10.1	11.7	9.5	8.6	6.4	9.9	8.4	9.3000000000000007	9.9	9.6999999999999993	16.899999999999999	6.9	11.2	9.5	7.6	8	8.4	6.1	10.8	8.9	9.8000000000000007	9	FATMASS


TT



FT	65.7	43.6	42.5	32.6	62	47.9	35.5	24.6	51.8	39	34.299999999999997	48.4	42.1	23.7	37.299999999999997	30.9	30.6	19.7	32.700000000000003	33.5	32.1	43	35.4	35.06	31.1	35.5	67.5	46.5	50.5	67.7	58.9	34.799999999999997	36.200000000000003	64.3	102.8	33.200000000000003	26.6	40.9	16.399999999999999	42.8	62.4	48	16.2	29.7	27.4	42.7	37.9	35.5	41.4	17	48.2	39	31.6	17.100000000000001	48.3	28.4	38.1	30.8	20.399999999999999	19.3	29.7	52.2	21	23.6	33.4	0.19408107426786128	0.19721314850000976	0.1973117177222167	0.3495842286006009	0.1381654962890651	0.14112814005744867	0.16538697562948795	0.18813528183625372	0.32106049580811807	0.18642107236671479	0.18726257422578246	0.18902798045691729	0.15236799695134312	0.17174474293447317	0.19512062853727793	0.17898162418344901	0.16949609281283498	0.24976051112714243	0.246476071209597	0.18356310086629959	0.20623357131505857	0.2608695652173913	0.18744070004100799	7.0441468011639669E-2	0.10014662031608647	7.7146601541288801E-2	0.22903867072248166	6.4641719553038934E-2	0.11896857421978015	0.13672134248982104	0.15866981928859247	0.20743894085181117	7.9411040848506295E-2	0.13371612746592715	0.21530651808508222	0.26582506146698842	0.1996592389997382	0.151107446609894	0.23758675351244965	9.3981486273959428E-2	0.21169221008617309	0.20173011156755774	0.24972940077596051	0.18831130765430909	0.19923492422865152	0.1135875636630011	9.1424948625659835E-2	0.19787465194479442	0.17263583168746105	0.21670504319109471	0.14575013679376247	0.13646777597962728	9.8890036942944196E-2	0.20335137032365658	0.189407626130245	0.18429275973759304	0.14995598513101929	0.11684919252518618	0.16819056929617468	0.2833395568632871	0.2102268620922943	0.27442014903152567	0.21056124379991867	FATMASS


cFT



BT	65.7	43.6	42.5	32.6	62	47.9	35.5	24.6	51.8	39	34.299999999999997	48.4	42.1	23.7	37.299999999999997	30.9	30.6	19.7	32.700000000000003	33.5	32.1	43	35.4	35.06	31.1	35.5	67.5	46.5	50.5	67.7	58.9	34.799999999999997	36.200000000000003	64.3	102.8	33.200000000000003	26.6	40.9	16.399999999999999	42.8	62.4	48	16.2	29.7	27.4	42.7	37.9	35.5	41.4	17	48.2	39	31.6	17.100000000000001	48.3	28.4	38.1	30.8	20.399999999999999	19.3	29.7	52.2	21	23.6	33.4	3.024252445680137	2.9448438139893809	2.774060074422815	4.4069542983223355	2.3944348833050948	1.9722730717430088	2.6983345885006589	3.292091797168812	2.9883358857912046	4.1097533554201009	3.1134077184666631	3.2032569795657233	2.6424165454038167	2.4989145877361865	2.8390700652469385	2.7587871011955318	2.4442453782224067	2.9453801116143068	3.6862877248946244	3.1968777115878511	3.0456138579129006	3.2138663398026726	3.6313331454614666	2.5255165669067807	1.4877991691834513	1.9296713574726325	2.5464163093385004	3.1838943122506822	0.91878060961657237	2.0306598387327779	2.4203841238927866	2.5548855765772287	3.2045140274726016	1.438817028964845	2.0074644828762187	3.171246062503061	3.5023702182154914	3.2587252119320436	3.192513866012705	3.2714093280025773	1.4325527385161498	3.4799969642655699	2.8794387032995021	3.4549080962916476	3.3451522781388099	3.0391294621860938	2.364145501232747	1.8385387330870786	2.8536929084880986	2.844417419247645	3.2120478617385113	2.7521857991901295	3.8691483165001213	1.9745992073260583	3.3476417383565344	2.9792403120557474	2.6387557530997725	2.4840733068366534	2.3500898320244832	2.3071298227636183	3.7824967181158509	3.0127556436711651	3.5919406055166885	3.0304319972798459	FATMASS


cBT



Baseline	16.440000000000001	24.15	16.440000000000001	24.15	Active Group	Placebo Group	103.75	109.95	Post Treatment	16.25	24.46	16.25	24.46	Active Group	Placebo Group	103.04	110.21	Groups


mean weight (in kgs)




Baseline	5.5	5.99	5.5	5.99	Active Group	Placebo Group	33.68	34.99	Post Treatment	5.56	6.02	5.56	6.02	Active Group	Placebo Group	33.450000000000003	35.04	groups


mean bmi




Baseline	17.670000000000002	16.32	17.670000000000002	16.32	Active Group	Placebo Group	111.79	118.59	Post Treatment	13.9	20.72	13.9	20.72	Active Group	Placebo Group	113.21	116.74	groups


mean wc (in cms)




Baseline	6.78	7.67	6.78	7.67	Active Group	Placebo Group	34.450000000000003	36.15	Post Treatment	6.93	7.98	6.93	7.98	Active Group	Placebo Group	33.81	36.58	groups


mean fat%




Baseline	12.29	17.66	12.29	17.66	Active Group	Placebo Group	39.85	37	Post Treatment	12.78	18.07	12.78	18.07	Active Group	Placebo Group	42.33	36.07	groups


mean fatmass (in kg)




Baseline	6.56	9.42	6.56	9.42	Active Group	Placebo Group	67.23	69.05	Post Treatment	5.87	9.9600000000000009	5.87	9.9600000000000009	Active Group	Placebo Group	67.55	68.66	groups


mean fatfreE mass




Baseline	0.81	0.94	0.87	0.79	0.28000000000000003	0.28000000000000003	1.05	1.24	1.03	1.24	0.81	0.94	0.87	0.79	0.28000000000000003	0.28000000000000003	1.05	1.24	1.03	1.24	Active Group	Placebo Group	Active Group	Placebo Group	Active Group	Placebo Group	Active Group	Placebo Group	Active Group	Placebo Group	TC	LDL	HDL	TG	C:HDL	3.9	3.94	1.88	2.11	1.05	0.99	2.23	1.96	3.93	3.93	Post Treatment	0.94	1.0900000000000001	0.86	0.79	0.27	0.13	1.02	1.45	1.05	1.04	0.94	1.0900000000000001	0.86	0.79	0.27	0.13	1.02	1.45	1.05	1.04	Active Group	Placebo Group	Active Group	Placebo Group	Active Group	Placebo Group	Active Group	Placebo Group	Active Group	Placebo Group	TC	LDL	HDL	TG	C:HDL	3.96	4.05	1.87	2.14	1.02	1	2.0299999999999998	2.1800000000000002	3.86	4.28	Groups


Mean




Baseline	1.05	1.24	1.05	1.24	Active Group	Placebo Group	2.23	1.96	Post Treatment	1.02	1.45	1.02	1.45	Active Group	Placebo Group	2.0299999999999998	2.1800000000000002	groups


mean tg




Baseline	9.32	10.73	8.33	11.14	9.32	10.73	8.33	11.14	Active Group	Placebo Group	Active Group	Placebo Group	Best Rt Dynamometer	Best Lt Dynamometer	38.450000000000003	38.64	34.58	37.28	Post Treatment	8.44	12.39	7.82	10.76	8.44	12.39	7.82	10.76	Active Group	Placebo Group	Active Group	Placebo Group	Best Rt Dynamometer	Best Lt Dynamometer	38	38.700000000000003	35.869999999999997	34.78	Groups


mean




Mean +/- SE	
0 Months	3 Months	6 Months	9 Months	1 Year	62.967741935483872	61.724137931034484	65.096774193548384	61.92307692307692	63.75	
HbA1c in mmol/mol




Mean +/- SE	
0 Months	3 Months	6 Months	9 Months	1 Year	9.6129032258064502	9.3285714285714274	9.2935483870967719	9.0148148148148159	8.9551724137931057	
Plasma Glucose in mmol/L




Baseline	12.69	13.13	12.69	13.13	Placebo Group	Active Group	48.34	48.34	Post Treatment	13.48	12.25	13.48	12.25	Placebo Group	Active Group	42.78	37.72	Groups


Mean score of  Total ams 




Baseline	4.84	5	4.84	5	Placebo Group	Active Group	12.38	11.56	Post Treatment	4.68	4.5599999999999996	4.68	4.5599999999999996	Placebo Group	Active Group	10.94	8.75	groups


Mean Score of Psychological subscale




Baseline	5.8	6.27	1	Placebo Group	Active Group	19.13	20	Post Treatment	6.26	6.31	6.26	6.31	Placebo Group	Active Group	17.16	15.84	groups


mean of somatic subscale




Baseline	3.94	3.83	3.94	3.83	Placebo Group	Active Group	16.84	16.78	Post Treatment	4.7300000000000004	3.75	4.7300000000000004	3.75	Placebo Group	Active Group	14.69	13.13	groups


mean of sexual subscale




Baseline	Not/Low Symptomatic	Mildly Symptomatic	Moderately Symptomatic	Severely Symptomatic	0	21.875	31.25	46.875	3 Months	Not/Low Symptomatic	Mildly Symptomatic	Moderately Symptomatic	Severely Symptomatic	15.625	21.875	21.875	40.625	6 Months	Not/Low Symptomatic	Mildly Symptomatic	Moderately Symptomatic	Severely Symptomatic	6.25	37.5	18.75	37.5	Severity of Symptoms


percentage




Baseline	Not/Low Symptomatic	Mildly Symptomatic	Moderately Symptomatic	Severely Symptomatic	6.06	15.15	30.3	48.48	3 Months	Not/Low Symptomatic	Mildly Symptomatic	Moderately Symptomatic	Severely Symptomatic	9.09	39.39	30.3	21.21	6 Months	Not/Low Symptomatic	Mildly Symptomatic	Moderately Symptomatic	Severely Symptomatic	18.18	30.3	30.3	21.21	Severity of Symptoms in ACTIVE GROUP


percentage




Number of patients moved to a less severe category from severe category at baseline
Placebo	
Percentage moved to less severity category	33	Active	
Percentage moved to less severity category	56	Percentage



Number of patients moved to a less severe category from  baseline
Placebo	
Percentage moved to less severity category	28	Active	
Percentage moved to less severity category	46	Percentage



AMS Total scores
2.4192999999999998	2.1751	2.0745	2.6164000000000001	1.9350000000000001	2.4192999999999998	2.1751	2.0745	2.6164000000000001	1.9350000000000001	Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	47.354999999999997	39.741999999999997	37.71	34.896999999999998	35.106999999999999	
Mean ± SE
AMS Psychological subscale scores
1	1	Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	11.355	8.6449999999999996	8.6449999999999996	8	7.7859999999999996	Mean ± SE
AMS Somatic subscale scores
Mean±SE	1.1912	1.123	1.0883	1.2476	1.0001	1.1912	1.123	1.0883	1.2476	1.0001	Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	19.581	17.193999999999999	15.871	14.930999999999999	15.179	
Mean ± SE
AMS Sexual subscale scores
Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	16.419	13.871	13.194000000000001	11.862	12.143000000000001	
Mean ± SE
AMS Q17 scores - Libido
Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	3.419	3	2.71	2.536	2.3570000000000002	Mean ± SE
 Physical Health domain
Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	50.805999999999997	64.516000000000005	72.581000000000003	84.820999999999998	67.856999999999999	Mean ± SE
Health change over 1 year
2.9666999999999999	3.4278	3.6661999999999999	2.5889000000000002	3.4150999999999998	2.9666999999999999	3.4278	3.6661999999999999	2.5889000000000002	3.4150999999999998	Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	41.128999999999998	53.225999999999999	50	54.463999999999999	54.463999999999999	Mean ± SE
Delayed Verbal recall
0.11210000000000001	7.9899999999999999E-2	6.1199999999999997E-2	5.9499999999999997E-2	5.1400000000000001E-2	0.11210000000000001	7.9899999999999999E-2	6.1199999999999997E-2	5.9499999999999997E-2	5.1400000000000001E-2	Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	2.548	2.742	2.871	2.8929999999999998	2.9260000000000002	Mean ± SE
BDHQ Total scores 
2.8027000000000002	2.7970999999999999	2.7201	3.3637000000000001	3.0085999999999999	2.8027000000000002	2.7970999999999999	2.7201	3.3637000000000001	3.0085999999999999	Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	51.354999999999997	46.935000000000002	45.677	41.448	40.570999999999998	Mean ± SE
BDHQ - Sexual Wellbeing
0.47770000000000001	0.56389999999999996	0.62529999999999997	0.78300000000000003	0.66559999999999997	0.47770000000000001	0.56389999999999996	0.62529999999999997	0.78300000000000003	0.66559999999999997	Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	11.839	10.516	10.452	8.9309999999999992	8.4640000000000004	Mean ± SE
BDHQ - Emotional Wellbeing
0.98680000000000001	0.86860000000000004	0.82789999999999997	1.0266	0.79410000000000003	0.98680000000000001	0.86860000000000004	0.82789999999999997	1.0266	0.79410000000000003	Visit 0	Visit 1	Visit 2	Visit 3	Visit 4	15.581	13.548	12.773999999999999	11.724	11.393000000000001	Mean ± SE
FT	77	91	86	77	74	81	83	81	76	65	87	77	87	67	78	76	73	94	90	90	81	71	71	69	73	75	82	78	76	80	89	81	76	79	81	74	82	72	81	80	81	82	97	78	79	73	86	64	83	75	73	86	74	77	92	78	71	85	82	76	81	72	0.19	0.2	0.2	0.14000000000000001	0.14000000000000001	0.17	-0.01	0.19	0.32	0.19	0.19	0.19	0.15	0.17	0.2	0.18	0.17	0.25	0.25	0.18	0.21	0.26	0.19	7.0000000000000007E-2	0.1	0.08	0.23	0.06	0.12	0.14000000000000001	0.16	0.21	0.08	0.13	0.22	0.27	0.2	0.15	0.24	0.09	0.21	0.2	0.25	0.19	0.2	0.09	0.2	0.17	0.22	0.15	0.14000000000000001	0.1	0.2	0.19	0.18	0.15	0.12	0.17	0.28000000000000003	0.21	0.27	0.21	TOTAL AVERAGE DBP


cFT



FT	79	95	90	74	75	82	87	84	79	66	87	78	91	68	79	80	79	96	90	92	81	75	75	69	74	80	85	82	79	83	89	82	75	82	83	77	83	71	83	82	82	84	102	79	80	76	89	65	89	74	77	87	80	78	93	79	72	86	85	78	82	72	0.19	0.2	0.2	0.14000000000000001	0.14000000000000001	0.17	-0.01	0.19	0.32	0.19	0.19	0.19	0.15	0.17	0.2	0.18	0.17	0.25	0.25	0.18	0.21	0.26	0.19	7.0000000000000007E-2	0.1	0.08	0.23	0.06	0.12	0.14000000000000001	0.16	0.21	0.08	0.13	0.22	0.27	0.2	0.15	0.24	0.09	0.21	0.2	0.25	0.19	0.2	0.09	0.2	0.17	0.22	0.15	0.14000000000000001	0.1	0.2	0.19	0.18	0.15	0.12	0.17	0.28000000000000003	0.21	0.27	0.21	TOTAL AVERAGE DAYTIME DBP 


cFT



BT	79	95	90	74	75	82	87	84	79	66	87	78	91	68	79	80	79	96	90	92	81	75	75	69	74	80	85	82	79	83	89	82	75	82	83	77	83	71	83	82	82	84	102	79	80	76	89	65	89	74	77	87	80	78	93	79	72	86	85	78	82	72	31.6	27.1	20.399999999999999	38.9	15.8	34.5	31.7	33.299999999999997	15.7	38.9	41.8	19.2	34	36.5	20.9	15.7	42.1	29.3	12.8	37.9	32.5	23.2	14.5	54.4	47.2	133	21.1	10.1	35.4	41.2	32.5	31.6	37.700000000000003	23.1	26.8	16.600000000000001	37.299999999999997	65.7	20.5	21.4	39.1	22.4	21.8	46.5	29.6	51.3	23.3	36.200000000000003	27.6	49.9	114.6	51.4	38.6	32.299999999999997	21.6	34.9	54.6	15.5	19.399999999999999	23.4	16.2	23.9	TOTAL AVERAGE DAYTIME DBP 


cBT



Baseline	11.23	11.4	11.23	11.4	Active Group	Placebo Group	128.47999999999999	131.38999999999999	Post Treatment	11.69	11.34	11.69	11.34	Active Group	Placebo Group	132.07	132.86000000000001	Groups


Mean Total average SBP




Baseline	7.83	5.63	7.83	5.63	Active Group	Placebo Group	76.59	77.430000000000007	Post Treatment	6.89	6.53	6.89	6.53	Active Group	Placebo Group	80.78	77.89	groups


Mean Total average DBP




Baseline	12.13	12.61	12.13	12.61	Active Group	Placebo Group	130.74	133.88999999999999	Post Treatment	12.36	11.22	12.36	11.22	Active Group	Placebo Group	133.93	134.11000000000001	groups


mean total average daytime SBP 




Baseline	8.39	6.21	8.39	6.21	Active Group	Placebo Group	81.63	79.290000000000006	Post Treatment	7.29	6.68	7.29	6.68	Active Group	Placebo Group	82.26	78.959999999999994	groups


mean total average daytime DBP 




Baseline	12.27	10.27	12.27	10.27	Active Group	Placebo Group	121.96	124.25	Post Treatment	12.8	13.73	12.8	13.73	Active Group	Placebo Group	126.19	130.11000000000001	groups


mean total average  NIght time sbp




Baseline	7.87	6.21	7.87	6.21	Active Group	Placebo Group	76.959999999999994	71.86	Post Treatment	7.91	8.17	7.91	8.17	Active Group	Placebo Group	76.900000000000006	74.39	groups


mean Total average  NIght time dbp




Baseline	12.5	10.72	12.5	10.72	Active Group	Placebo Group	73.81	72.11	Post Treatment	11.52	9.14	11.52	9.14	Active Group	Placebo Group	72.52	74.930000000000007	*


mean Total Average HR Night




Baseline	13.04	6.95	13.04	6.95	Active Group	Placebo Group	74.739999999999995	68.91	Post Treatment	12.35	6.98	12.35	6.98	Active Group	Placebo Group	72.61	72.09	
mean Total average HR NIght




image1.png
[#) Murali's Thesis for submission.pdf - Adobe Acrobat Reader DC X
File Edt View Sgn Window Help
Home  Tools Murali's Thesis for s... X @ A signin

B QA OO s/m PO - BT BLaD A=
@ Search ‘Combine PDF*
N [ EportPDF A

Adobe Export PDF

Figure 1.1  Metabolism of testosterone Convert PDF Files to Word
or Excel Online

Select PDF File

Murali's Th..missionpdf X

. Convertto
Pregnenolone | Microsoft Word (*.docx)
3BHSD. 17asse|
i Document Language:
English (US.) Ch:
nglish (US) Change
-
A v 3B+ x 4
T
,, 7,200y
v 3
naromenadonele—— 2" [onen
THD
B v 52 EditpOF
nrotenediol
* 3B-HSD.
“Testostaronale—— [ Create PDF M
SAsetucase ematase
! 1 B comment
SADimprotestoterone s
o Efl Combine Files
TISD- Fidosysteroid dehydiogenaie

Convert, edit and e-sign PDF
forms & agreements

i





image22.png
w1 s

0 w
" o Preto z o peno
£
i . H : o
i - i ow X Tesoserone
z . H .
H H 1 m—
2 B
S - H
3 I o
H H
Y
H L™ .
g g . .
0.01. ~ o001
o Smowts Smanths o Smonts Smonths
Tmeline Tmeline
e
_
o —_—
10000 100 k
®  Placebo T . e Placebo
£ .
0 Tesonarone Iow Tesoserone
w s
g 1] e
» H
2
1 — 3 o .
0 £
L™
o . 5
sonl L . . oo
i .~ s saseine Smonts Smonths
Tmeline

Timeline




image23.png
2444 (ol to E2w and aseie)

[ 3 matte & matte
Timsline

2444 (rormalsd 10 820tand aseine)

g

i . .
H

3 o] -

E

£ oo

3 mants & mantrs

.

Piacebo

Piacet

Piacet

244 (rormalsad o E2viand ta

sesine 3 s & mants
rimstine
. .

2444 (rormalsd 10 820tand aseine)
1

i S <o
rimiine

B

i oo

H

I

H

3 oo

£

LR

3

phcato

phcato




image24.png
L6

[E Ty ——
viza o pasjeusion) ;2

18

BN

1000

10000

(3010 pajessiun pue
wea o pasjemion) 7

001

0.001

Vehide Testosterone

control

Testosterone

Vehicle

Control

O

10

1000

I

(3010 payeasiun pue
wea o pasyemion) ;7

z )
(g011000 poreariun pue
wea o pasenion) |z

Vehicle

control

01

Testosterone

Vehicle

control

Testosterone




image25.png
icama

10

g

(rormalied ta 6200
arst untreated cortrols)

5

o

Control Veicle Testesterane

e

1

10

01

ard urtreatad cortrols)

on

Cortral Vericie Testosterane

scare

1

10

01

2897 (rorratioad 10 820
A untrated aartrols)

on

Cortral Vericie Testosterane

285 (ormalissd o B2M1

2897 (rorratioad 10 820

285 (romalissd 1o E2M
aret untreated aartrols)

ard urtreatad cortrols)

A untrated aartrols)

01

o

coz

1

10

01

on

Gontrol

R

Tesozarare

10

01

on

Cortral

Vericie

scare

———

Cortral

Vericie

p.——




image2.png
Testosterone
Hypothalamus <

5}
(0] GnRH
miing oy Teststerone

m Pituitary  «— ——
FSH “ H
Amﬁrme \

R — < e \
e =

t T Testes

Spermatozoa




image26.png
AMS Questionnaire

Wi of e {lowing ympioms 2ppy 0 you t s e? Pease, mark heapprprt boxfr sach
Syt For sympime s et S5 AEssEmk none

Symptoms: sty

§

OoOoO00 O 00000 00000 8
00000000 00000 00000 .
0000000 0 00000 Oo0oo

© Declinein yourfeeingof generd welkbaing
[ ——

Joint pain andmusculr sche (ovsr backpan

iipain, painina i, genaralbackacte)

3 Excessive sweating (nopecedsudiencpindes
of swestng notfusres ndepmndantof ).

4 Slep problems sty n lingasiep, aficuy
05eping hrough,wakng up ey andfecing s,

oegrsieep, siespsness)

5 Incressedneedforskep,otenfesing tired.

5 Iritaiy (esing aggesshe, esstyupsetzbout
itings. maocy)

7. Nervousmess (nrertenson restesenass fesng gy

3 Anxiety esing panic)

5 Physical exhauston! lacking vty (grerldecrese
ppertomance reducedacviy, lacking merestin e
e, Tesing ofgoing s done, of aciong 5,
iingtoforoeonasall o underake acevses).

10, Decreasein muscular strengh (eingofwestoess)

1. Depressive oo fssingdoun. 33, o the vege of s
gk ofdive moodswings feing ating s fany52)

12 Fealingthatyou have passedyourpesk

12 Feelingburnt ou having it rockotiom

14.Decreasein beardgrowth

15, Decrease nabiltylFequency toperormsexualy

16.Decreasein the number of moming srections

17, Decraase n sexual desialitido(sckng pessuren <65
[————

Have you gotany othe maorsymptoms? ™
a5, please descrbe

o o

i

THANK YOU VERY MUCHFOR YOUR COOPERATION

00000000 00000 0D00og -

ams doc [Compa [ Sam—





image27.wmf



image28.png




image29.jpeg
CH,

o
I

CH, O-C-(CH.)-CH,




image30.jpeg
Intracellular mechanism (receptor mediated) of testosterone

H

Target cell Hypophyseal regulation

- Spermatogenesis

Testosterone - q »( Sexual differentiation
sQ- ¥ \ 4

reductase  Dihydro ~
testosterone “
Virilzation





image31.jpeg
Testosterone (nmol/L)}

Testosterone (nmol/L)

Testosterone (nmol/L)

60

50

60

60

50

a0

Oral testosterone undecanoate

hours

i. m. testosterone enanthate

[ 3 6 9 12

weeks

i. m. testosterone undecanoate (Nebido®)





image3.png
e

Foetal pituitary

LH

FSH

I

SRY gene complex
SOX genes

Leydigcells

Foetal testis

Sertolicells

L

i

Testosterone

INSL3

5a-reductase

!

Dihydrotestosterone

(DHT)

!

Differentiation of the
genital tubercle and
the urogenital sinus

v

External genitalia
Prostate

Anti-Millerian
hormone (AMH)

Regression of the
Mdllerian ducts

Differentiation of the
Wolffianducts

Testicular descent

)

Epididymis
Vasdeferens





image32.jpeg
Testosterone (nmol/L)

40
35
30 |--
25
20 |-

15 [&=5





image33.jpeg
DHT (nmol/L)





image34.jpeg
Estradiol (pmol/L)

140

120

100





image35.jpeg
Testosterone (nmol/L)





image4.png
[ Nature article - FINAL AOP VERSION ! pdf - Adobe Acrobat Reader DC
Fle Edt View Sgn Window Help

Home

TeBA ®0 v

p|

Tools

Nature article - FIN... %

A D O® - T

B 7 &

4T ADVANCE ONLINE PUBLICATION

Vwwnature.com/nrendo

©2013 Macmilan Publishers Limited. Al fights reserved

the mechanisms controlling insulin sensitivity are more
complex than previously thought, involving short-term
and long-term changes.

Dysregulation of the metabolism of fatty acids that
leads to inappropriate lipid accumulation in myocytes,
hepatocytes and f cell s strongly associated with insulin
resistance in patients with obesity, T2DM and impaired
glucose tolerance.*** TRT decreased the accumula-
tion of fat in the liver, as assessed by CT scanning, and
increased insulin sensitivity compared with placebo
after 18 weeks of treatment in 67 obese men with severe
obstructive sleep apnoea.* This finding suggests that
testosterone has a protective effect on the development
of hepatic steatosis.

Testosterone inhibits lipoprotein lipase, which reduces
the uptake of triglycerides by adipocytes in men.” In
addition, men with low levels of testosterone, including
those with reduced glucose tolerance and T2DM, have
decreased oxidative phosphorylation in muscle mito-
chondria.* This mitochondrial dysfunction contributes
to the degree of insulin resistance. Testosterone might
also increase insulin sensitivity by suppressing pro-
inflammatory cytokines such as tumour necrosis factor
(TNF) and IL-6, which are thought to promote insulin
resistance 5 The actions of testosterone on insulin sen-
sitivity are discussed in more detail towards the end of

Obesity,inflammation and low testosterone
Obesity, adipocytokines and the chronic hypogonadal
state have a complex pathophysiological interaction that
contributes to a vicious cycle of fat accumulation. This
accumulation of fat causes further reductions in testos-
terone production, which in turn promotes additional fat
deposition (Figure 1).

Testosterone production is regulated by the
hypothalamic-pituitary-testicular axis. Pulsatile release
of vonadotropin-releasine hormone stimulates the

REVIEWS

Figure 1 The hypogonadal-obesity-adipocytokine hypathesis. Increased amounts
of adipose tissue increase the activity of aromatase (which converts testosterone to
estradiol) in adipocytes. Estradiol directy inhibits the hypothalamic-pituitary-testes
axis via Kisspeptin, which leads to decreased testosterone production. Adipose
tissue also produces leptin and proinflammatory cytokines that have a negative
feedback effect on the hypothalamic-pituitary—gonadal axis. Leptin also inhibits the
stimulatory action of gonadotropins on the Leydig cells of the testes, which resuts.
n decreased androgen production from the testes. Reduced levels of testosterone
nthe tissues facilitates triglyceride storage In adipocytes by increasing the activity

of lipoprotein lipase. Abbreviation: TNF, tumour necrosis factor.

Kisspeptin (encoded by Kiss1) is a neuropeptide
‘hormone in the hvpothalamus that acts on a G-protein
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PATIENT INFORMATION SHEET

“Effects of testosterone on glycaemic control and other Cardiovascular Risk factors in
Hypogonadal Men with uncontrolled Type 2 Diabetes: A randomized double - blinded
placebo controlled add on trial using depot testosterone undecanoate” (STRIDe Study)

Part 1

You are being invited to take part in a research study. Before you decide, it is important for you to
understand why the research is being done and what it will involve. Please take time to read the
following information carefully and discuss it with others if you wish. Ask us if there is anything
that is not clear or if you would like more information. Take your time to decide whether or not you
wish to take part.

Thank you for reading this.
What is the purpose of the study?

Testosterone (male hormone) treatment is usually given to men with low levels of testosterone to
help with symptoms such as tiredness, weakness, moodiness, depression and loss of libido (sex
drive). It also helps to maintain the strength of bones and reduce the risk of broken bones. The
purpose of this study is to find out the effect of adding testosterone to the standard diabetes
treatment on glucose control, cardiovascular diseases (heart disease) obesity, and lipid levels
(cholesterol and other fats).

This is a randomised , double blinded, placebo-controlled trial — meaning that patients will be
randomly assigned (like the toss of a coin) to testosterone treatment or a placebo (dummy drug)
and neither the patient nor the study doctor will know which one is given for the first phase of the
study. If you participate in this study you will be assigned to one of the two treatment groups:

Treatment arm 1: Testosterone + standard treatment

Treatment arm 2: Placebo (look-alike with no active ingredients) + standard treatment.

If you are assigned to the placebo arm of the study you will be on the dummy drug for the initial 6
months of the study. This would mean that there would be a delay of 6 months in you getting
active treatment (testosterone).

Testosterone (nebido) has been approved by the regulatory agencies throughout the world
including the United States Food and Drug Administration (FDA) and the European Committee for

Human Medicinal Products (CHMP) and is available by prescription to treat individuals with
hypogonadism (low male hormone)

STRIDe Patient Information Sheet Version 1.6 26 July 2018
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Why have | been chosen?

You have been chosen for the study because you have Type 2 diabetes and you have low
testosterone levels. We expect approximately 80 to 100 patients to take part in the study. All the
patients will be recruited from Barnsley Hospital and the GP practices in and around the Barnsley
area.

Do | have to take part?

No. Itis up to you to decide whether or not to take part. If you do, you will be given this
information sheet to keep and be asked to sign a consent form. You are still free to withdraw at
any time and without giving a reason. A decision to withdraw at any time, or a decision not to take
part, will not affect the standard of care you receive.

What will happen if | take part?

You will be invited to see us for screening visit to check if you are suitable for the study. (this may
be one or two visits depending upon your blood tests) You will be formally consented during this
visit.These visits are very short and will only take 15-30 minutes. If you are eligible and agree to
join the study we will ask you questions about your medical history and we will perform physical
examination including measurement of height, weight, blood pressure, body composition and the
examination of your back passage to assess the size of the prostate gland (only second visit).
You will also be required to have blood tests and fill in some questionnaires assessing your
memory and quality of life. The study will involve six visits to Barnsley Hospital Diabetes Centre in
one year.You will also have to visit four more times to get your injections. Once it is checked that
you are suited for the study based on the above information, you will be randomly assigned to
receive either the testosterone or the dummy drug which is in the form of injection given to your
buttock at baseline, at 6 weeks and every 12 weeks thereafter for a year. This would mean that
you will receive a total of 6 injections during the course of one year. You may experience some
pain, discomfort and redness in the area after the injection. If you are receiving the dummy drug,
this would mean that your active treatment will be postponed by 6 months. There is no current
evidence to suggest that this delay of treatment causes any harm long term. You may not have
symptomatic improvement for the 6 months that you are on the dummy drug.

You will need to be at the Diabetes centre for approximately two hours for 3 visits (0, 6 months
and 12 month) so that we can perform tests including blood test sultrasound tests of the blood
vessels in the neck and scan (DEXA for body composition) to look at the fat content in the
body.You will also have a bone scan looking at the density of your bone at baseline and 1-2 years
after treatment with testosterone. This scan is done as a part of your routine medical care and not
as a part of your research. However we would like to use the data from such scans for research
analysis. These scans will be done at the same time as you have the body composition. The
other 2 visits (3 month and 9 month) will be much shorter because it will only involve blood and
urine tests. We will arrange these visits as early in the morning as possible - around 8 or 9am as
blood tests should be done before you have eaten breakfast or taken your diabetes medication.

STRIDe Patient Information Sheet Version 1.6 26 July 2018
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On these days you should eat nothing and drink only water after 10 pm the night before. You will
also do

questionnaires on one of these visits. In addition to the study visits you will also need to attend
the diabetes centre an additional 4 times to receive the injection (study medication or the dummy
drug). During the study we will take blood and urine for testing. We would need between 54 — 64
ml of blood in total at 5 of the visits for all the tests.

Genetic DNA testing:

Some of the blood may be used for a genetic DNA test to find out about your testosterone
receptor if it is not already been tested before. However, this will be an optional blood test. If you
are not keen on having a genetic test you can opt out by choice. We will ask you if you would
consent to this optional test separately. This receptor is how testosterone acts in the body and
may explain why some people get more effect from testosterone.

Blood samples will be kept for future tests into diabetes, blood vessel disease or testosterone.
Blood tests and data from the trial will be kept securely in locked cabinets or freezers for seven
years after the trial end date and then destroyed. The samples will be stored in BHNFT or in
Laboratory at Sheffield University depending on the availability of freezer space.

Participation in this study requires you to have body composition scans as described above. This
scan is performed using a DXA scanner, which uses a small amount of x-rays to perform their
measurements. You would not usually have these scans as part of your treatment. You will
receive a small dose of radiation from the 3 scans, equivalent to up to approximately 4 days
average natural background radiation in total. The Health Protection Agency Radiological
Protection Division describe a few days natural background radiation as ‘Minimal Risk’, with less
than a 1:1,000,000 lifetime additional risk of cancer.

During the trial you will make 10 visits to the Diabetes Centre_and will need to pay for travel and
parking on these occasions. The money spent by you will be reimbursed every visit.

A detailed timetable of the all the visits and the tests during each visit has been explained at the
end of this information sheet (Appendix 1)

What do | need to know about testosterone treatment?

Testosterone (nebido) has been approved by the regulatory agencies throughout the world
including the United States Food and Drug Administration (FDA) and the European Committee for
Human Medicinal Products (CHMP) and is available by prescription to treat individuals with
hypogonadism (low male hormone). It is widely used as a standard treatment to treat patients
with symptomatic individuals with low male hormone levels.

STRIDe Patient Information Sheet Version 1.6 26 July 2018
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What are the side effects of testosterone treatment? (As published in the patient leaflet by
the manufacturer)

Testosterone that you will receive is in the injection form.You may feel a little pain but it is usually
short lived. As with any medicine, there is a risk of side effects with testosterone injections. These

can include: skin problems (acne), headache, diarrhoea, prostate problems, bruising where the
injections was given. A full list of potential side effects can be found on the patient information
leaflet provided by the manufacturer. There are some side effects that may occur if your
testosterone level is too high. These include: irritability, nervousness, difficulty in urinating, weight
gain, frequent or prolonged erections, yellowing of the skin. If you experience any side effects it is
important that you report them to your GP or the research team (contact details on the alert card
provided) immediately.

Does testosterone affect the prostate gland? (As published in the patient leaflet by the
manufacturer)

According to the current knowledge, testosterone treatment itself does not cause prostate cancer
but it should not be given if prostate cancer is suspected. Therefore, your prostate gland will need
to be examined before you start taking the medication and at regular intervals afterwards. Your
prostate antigen will be measured (blood test) and monitored regularly through out the study
What do | have to do?

During the trial you must agree to come to the Diabetes Centre for all the study visits as
described above. It is important that you tell us at the beginning of the study which medicines you
are taking including prescription medicines and those you have obtained yourself. We will not
make any alterations to your medications including insulin.

What are the possible disadvantages and risks of taking part?

The blood samples we ask you to provide may cause some discomfort or bruising. You will have
to spend approximately two hours in the Diabetes Centre for the study.

If you have private medical or life insurance you may wish to check with your insurers that being
in the study does not affect the conditions of your policy.

What are the possible benefits of taking part?

Information from this study might help improve the treatment of people with diabetes or low
testosterone levels in the future.
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What happens when the research study stops?

After the study you will be informed about the major finding of the study and also in light of the
tests if any modifications are needed for your treatment.

What happens if there is a problem?

Any complaint about the way you have been dealt with during the study or any possible harm you
might suffer will be addressed. Detailed information on this is given in Part 2.

Will my taking part in the study be kept confidential?

Yes. All the information about your participation in this study will be kept confidential. The details
are included in Part 2.

Will my GP be informed?
Yes with your agreement we will be writing to your GP about your participation in the study.
This completes Part 1 of the Information Sheet. If the information in Part 1 has interested you and

you are considering participation, please continue to read the additional information in Part 2
before making any decision.
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Part 2
What if new information becomes available?

Sometimes during the course of a study, new information becomes available about the condition
that is being studied. If this happens, your research doctor might consider it to be in your best
interests to withdraw you from the study. He will explain the reasons and arrange for your care to
continue.

If the study is stopped for any reason, you will be told why and your continuing care will be
arranged.We will ask if we can still use the data collected for our analysis.

What will happen if | don’t want to carry on with the study?

You can withdraw from the study at any time, without giving any reason, without your medical
care being affected. Information and blood samples collected prior to your leaving the study may
still be used with your consent.

What happens if there is a change in my regular medication?

Your GPs will be requested not to change your regular medications especially the diabetes
medications during the first 6 months of the study. However if the change is absolutely needed
and then you have been started on a new medication or there is a dose alteration of the same
medication you will still remain on the study but these changes will be noted during each visit.

What if there is a problem?

If you have a concern about any aspect of this study, you should ask to speak with the
researchers who will do their best to answer your questions (01226 432520). If you have any
further concerns, you can contact the Patient Advice and Liaison Service, PALS Manager,
Barnsley Hospital NHS Foundation Trust Gawber Road Barnsley, S75 2EP Tel: 01226432430.

In the event that something does go wrong and you are harmed during the research study there
are no special compensation arrangements. If you are harmed and this is due to someone’s
negligence then you may have grounds for a legal action against Barnsley Hospital NHS
Foundation Trust but you may have to pay your legal costs. The normal National Health Service
complaints mechanisms will still be available to you.

Will my taking part in this study be kept confidential?

All information relating to you, collected whilst on the study will confidential. It will be kept secure
and will be used only for the purpose for which it was collected.

It is a requirement that your involvement in this study is noted in your medical records and we will
inform your family doctor and your hospital doctor. Doctors and nurses working on the study will
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require direct access to your records. Members of the Research and Development department at
Barnsley Hospital may also review your medical records to check that the trial has been properly
carried out. Similarly regulatory authorities and the pharmaceutical companies providing the
investigational medicinal product can review relevant sections from your medical records to
ensure the trial has been properly carried out. By signing the consent form, you authorise access
to this confidential information.

Data collected during this study will be reviewed, collected on a computer database and stored in
electronic and manual files. Any data which could be linked to you will be stored in a locked room
in Barnsley Hospital. Electronic data will be stored on the Barnsley Hospital computer system that
is only open to authorised users and has appropriate security measures. Electronic data will not
be linked to your name and will not be identifiable.

What will happen to any samples | give?

Blood and serum samples taken in the study will be stored for possible future research in to
diabetes, testosterone or vascular disease. Samples will be stored in a secure location and can
be accessed only by authorised personnel. Samples will have an identification number which is
associated with you but will not be labelled with your name. Samples may be used by Professor
Hugh Jones and his current or future research team. Samples will be kept for seven years and
then destroyed.

Will any genetic tests be done?

A genetic test will determine the activity of the testosterone receptor. Testosterone links up with
its receptor in order cause effects within the body. This receptor can vary genetically and this can
lead to differences in the effect of testosterone. We will test if different receptor affects changes in
diabetes with testosterone treatment. The genetic test will be done on a single blood sample. The
individual results of the test are not meaningful at the moment but the results of the tests from all
participants in the study will help us understand more about testosterone and diabetes. The test
will not affect insurance premiums.

What will happen to the results of the research study?

At the end of the study the results will be detailed in a report and may be published in a medical
journal or presented at a medical conference. You will not be identified in any of these. We will
write to provide you with a summary of the results when the report is ready.

Who is organising and funding the research?

The research is organised by Professor Hugh Jones at the Centre of Diabetes and Endocrinology

at Barnsley Hospital. The study is funded by the Endocrinology Research Fund at Barnsley
Hospital and sponsored by Barnsley Hospital NHS Foundation Trust.
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Thank you for reading this. If you decide to take part in the study you will be asked to sign a
consent form. You will be given a copy of this information sheet and the signed consent form to
keep. A copy of these forms will also be kept in your medical notes at Barnsley Hospital.

Who has reviewed the study?

The Derby Research Ethics Committee has reviewed and approved this study.

Contact for further information.

You may ask questions about the study at any time. If you have any questions about the informed
consent process/your rights as a research subject or require any additional information then you
should contact us:

Research Team

Diabetes and Endocrinology Department / Research and Development
Barnsley Hospital NHS Foundation Trust

Gawber Road

Barnsley

South Yorkshire

S75 2EP

Telephone: Research Team - 01226 432520
Email: barnsley.research@nhs.net
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Appendix 1: Schedule of events

Timescale Screening Baseline/ 6 Visit1 | 18 Visit2 | 30 Visit 3 | 42 | Visit 4
Events -2 mths to 0 | Randomization | wks 12wks | wks | 24 wks | wks | 36 wks | wks | 52
Visit 0 wks

Physical exam
including DRE +
WHC/wt/BMl/fat
%/BP + + + + .
Bloods and
urine * + + + + + +
DEXA scan

+ + +
24 hour BP
monitor + + +
CIMT

+ + +

Questionnaires

+ + + + + +
Genetic blood

test (optional) +

Testosterone /

placebo + + + + + +

injections

DRE = digital rectal examination ( prostate examination)

Wt = Weight

Ht = Height

BMI= Body mass index

BP = Blood pressure

WHC= waist hip circumference

DEXA scan = Scan looking at your fat and lean body mass

CIMT= ultrasound of your neck artery to look at the thickness of the artery

* blood tests include safety profile like prostate antigen and full blood count along with
measurement of other cardiovascular risk factors.

Visit at 6, 18, 30 and 42 are only for your injections. You are not required to see a doctor and
there will be no blood tests.
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Health Research Authority

NRES Committee East Midlands - Derby
Research Ethics Office

The Old Chapel

Royal Standard Place

Nottingham

NG16FS

Telephone: 0115 8839436
Facsimile: 0115 8839294

30 March 2012

Prof Hugh Jones

Consultant Physician & Endocrinologist and Hon. Professor of Andrology (University of
Sheffield)

Barnsley Hospital NHS Foundation Trust

Gawber Road, Barnsley

875 2EP

Dear Prof Jones

Study title: “Effects of testosterone on glycaemic control and other
Cardiovascular Risk factors in Hypogonadal Men with
uncontrolled Type 2 Diabetes: A randomized double —
blinded placebo controlled add on trial using depot
testosterone undecanoate”

REC reference: 12/EM/0088
Protocol number: 6232 6B1658
EudraCT number: 2011-006114-14

Thank you for your letter of 27 March 2012, responding to the Committee’s request for
further information on the above research and submitting revised documentation.

The further information has been considered on behalf of the Committee by the Vice-Chair.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the
above research on the basis described in the application form, protocol and supporting
documentation as revised, subject to the conditions specified below.

Ethical review of research sites

The favourable opinion applies to all NHS sites listed in the application, subject to
management permission being obtained from the NHS/HSC R&D office prior to the start of
the study (see "Conditions of the favourable opinion" below).

Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior to the start of
the study.

Management permission or approval must be obtained from each host organisation prior to
the start of the study at the site concerned.

Management permission ("R&D approval”) should be sought from all NHS organisations
involved in the study in accordance with NHS research governance arrangements.

A Research Ethics Committee established by the Health Research Authority
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Statement of compliance

This Committee is recognised by the United Kingdom Ethics Committee Authority under the
Medicines for Human Use (Clinical Trials) Regulations 2004, and is authorised to carry out
the ethical review of clinical trials of investigational medicinal products.

The Committee is fully compliant with the Regulations as they relate to ethics committees
and the conditions and principles of good clinical practice.

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees and complies fully with the Standard Operating Procedures for
Research Ethics Committees in the UK.

After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments

Adding new sites and investigators
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study

e o 0 o o

The NRES website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

Feedback

You are invited to give your view of the service that you have received from the National
Research Ethics Service and the application procedure. If you wish to make your views
known please use the feedback form available on the website.

Further information is available at National Research Ethics Service website > After Review

[12/Em/0088 Please quote this number on all correspondence |

With the Committee’s best wishes for the success of this project

Yours sincerely

Mr Peter Korczak

Chair

Email: carol.marten@nottspct.nhs.uk

Enclosures: “After ethical review — guidance for researchers”

Copy to: Mr. Michael Bramall, Research and development, Barnsley Hospital

NHS trust
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Guidance on applying for NHS permission for research is available in the Integrated
Research Application System or at http:/iwww.rdforum.nhs,uk.

Where a NHS organisation’s role in the study is fimited to identifying and referring potential
participants to research sites (“participant identification centre "), guidance should be sought
from the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of approvals from host organisations

Clinical trial authorisation must be obtained from the Medicines and Healthcare products

Regulatory Agency (MHRA).

The sponsor is asked to provide the Committee with a copy of the notice from the MHRA,
either confirming clinical trial authorisation or giving grounds for non-acceptance, as soon
as this is available.

It is the responsibility of the sponsor to ensure that all the conditions are complied
with before the start of the study or its initiation at a particular site {as applicable).

Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document Version Date.
Advertisement 1.3 27 March 2012
Covering Letter 07 February 2012
Evidence of insurance or indemnity

GP/Consultant Information Sheets 1.3 27 March 2012
Investigator CV

Letter from Sponsor 03 November 2011

Letter from Statistician

Other: Summary of Product Characteristic

Qther: CV for Dr Rao

Other: Schedule of Events

Other: Type 2 Diabetes Poster 1.3 27 March 2012
Participant Consent Form 1.3 27 March 2012
Participant information Sheet 1.3 27 March 2012
Protocol 13 27 March 2012

Questionnaire: Proposed Questionnaire

Questionnaire: Validated Questionnaires

Questionnaire: SF36 Questionnaire

Questionnaire: The IIEF Questionnaire

Questionnaire: Mini Mental Score

REC application 31 October 2011

Referees or other scientific critique report

Response to Request for Further Information 27 March 2012
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Prof H Jones
BARNSLEY HOSPITAL NHS FOUNDATION TRUST
GAWBER ROAD
BARNSLEY
S§752EP
UNITED KINGDOM
17/04/2012
Dear Prof H Jones
THE MEDICINES FOR HUMAN USE (CLINICAL TRIALS) REGULATIONS 2004 S.I. 2004/1031
Qur Referené;\ 25951/0003/001-0001 i e T
r‘aj\ Eudract Number:™ 2011-006114-14
\ > Product: Nebido
I~ Protocol number: 6232 6B1658

NOTICE OF ACCEPTAN_QE OF AMENDED REQUEST

I'am writing to inform you that the Licensing Authority accepts your amended request for a-clinical trial
authorisation (CTA), received on 27/03/2012.

The authorisation Is effective from the date of this letter although your trial may be suspended or
terminated at any time by the Licensing Authority in accordance with regulation 31. You must notify
the Licensing Authority within 80 days of the trial ending.

Finally, you are reminded that a favourable opinion from the Ethics Committee is also required before
this trial can proceed; changes made as part of your amended request may need to be notified fo the
Ethics Committee.

~ Yours sincerely,

Clinical Trials Unit
MHRA

)

Medicines and Healthcare products Regulatory Agency
151 Buckingham Palace Road London SW1W 9SZ
T 0203 080 6000 www.mhra.gov.uk An executive agency of the Department of Health
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