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Abstract: 

This study amid to assess and evaluate the effects of oral statin therapy on the 

testosterone serum levels in males with type 2 diabetes mellitus, hypertension patients 

and in normal. 

Statins inhibit hydroxy methyl glutaryl COA reductase (HMG CO reductase),which 

is the rate limiting enzyme in cholesterol biosynthesis since statins decrease colesterol 

biosynthesis ,and cholesterol is  the precursor of testosterone , there is some concern 

whether statins might impair testosterone production. 

 hypogonadism in men is a clinical syndrome that results from failure of tests to 

produce testosterone. 

 testosterone is the principle sex hormone in men. 

 hypogonadism in men is one of the conditions that needs therapeutic attention 

and intervention. 

 It is reported to be associated with aging, diabetes and statin therpy,obesiy, 

diabetes and statin therapy are common in Libyan people there are few studies 

undertaken to study the prevalence association with diabetes and statin therapy in 

Libyan subjects. 

Therefore, the present study was carried out to evaluate and measure serum 

testosterone levels on Libyan subject as following: 

 in normal subjects using statin for dyslipidemia 

 in diabetics  

 in diabetic on statin therapy. 

 in diabetic hypertensive 

 in diabetic hypertensive on statin therapy. 

Subject on statin therapy were grouped further into two catagories those who are 

going undergoing statin therapy for less than one year and those for more than one 

year  
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 Libyan subjects who attended Benghazi Center for Diagnosis and Treatment 

of Diabetes 

 Libya from 2013-2014 were screened and 240 subjects were taken for the 

study. 

They were divided into 8 groups: (30 subject in each group) 

 Group I –controls 

 Group II –patients with high cholesterol on statin therapy. 

 Group III –type 2 diabetes. 

 Group IV –type 2 diabetes on statin therapy for less than one year. 

 Group V –type 2 diabetes on statin therapy for more than one year. 

 Group VI –type 2 diabetic hypertensive 

 Group VII –type 2 diabetic hypertensive on statin therapy for less than one 

year. 

 Group VIII –type 2 diabetic hypertensive on statin therapy for more than one 

year. 

In the present study, there was significant reduction in serum testosterone levels in 

patients treated with statin therapy.  

The level of serum testosterone were significantly reduce compares to control 

subjects. 

There was marked fall in serum testosterone, level in diabetic subject which was 

further reduced by statin therapy. 

The presence of hypertension did not elicit greater fall in serum testosterone levels 

in hypertensive or diabetics with hypertension. 

Statin therapy alone or statin therapy in type 2 diabetes mellitus (T2 DM) caused 

marked reduction in serum testosterone levels. 
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The reduction in serum testosterone level was more marked in patients who are on 

statin therapy for more than one year compared to those who are on statin therapy for 

less than one year. 

The use of statins and its probable side effect is reported to be lowered testosterone 

levels. 

It appeared that statin therapy is associated with hypogonadism,the finding of 

hypogonadism has resulted in reviewing statin therapy and has cautioned the 

physician to prescribe statins with care. 

 Therefore, there is a need of introspecting the use of drugs for therapy and its 

possible adverse effects. 
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1.1.Statins or HMG-CoA reductase inhibitors: 

 are widely used cholesterol lowering drugs which are effective in the primary and 

secondary prevention of cardiovascular disease (CVD),(Brugs et al 2009; Mihaylova 

et al.2012;Taylor et al.2013;4S study,1995). They competitively inhibit HMG-CoA 

reductase, mainly in the liver, which is the rate-limiting enzyme in the cholesterol 

biosynthesis pathway. By inhibiting cholesterol biosynthesis, the number of low-

density lipoprotein (LDL) receptors in the hepatic membrane is increased. This leads 

to increased serum uptake of LDL-cholesterol, and thus decrease serum cholesterol 

concentration,(the Scandinavian Simvastatin Study(4S). Lancet.  1994; 344:1383-89.) 

Testosterone is the main circulating androgenic hormone in men with important 

effects on libido, bone mass, fat distribution, muscle mass, strength and production of 

blood cells and sperm(Shalet 2009;Corona et al 2013). It is synthesized in the testes, 

and this process requires a continuous supply of cholesterol, which can be derived 

from plasma, mostly originating from the liver, or from de novo production within 

the gland (Miller and Bose,2011). In contrast, women have in general 8 to 9 times 

lower levels of serum total testosterone the hormone here plays a role in sexual 

function and libido (Redmond,1998). Circulating testosterone in men is for 40-65% 

bound to sex hormone-binding globulin (SHBG), which regulates the serum 

concentration of testosterone and its transport to target tissues. SHBG has a high 

binding affinity for testosterone and the serum concentrations of total testosterone and 

SHBG are strongly correlated. In contrast, the non-SHBG-bound fraction of 

testosterone, which is considered to be bioactive, is barely associated with the serum 

SHBG concentration (De Ronde etal.2005;Dunn et al.1981; Vermuelen 1996).This 

indicates that non-SHBG-bound testosterone, rather than total testosterone plays an 

important role in maintaining equilibrium in the negative feedback of the 

hypothalamo-pituitary-testicular axis and in other androgenic effects. 

Since statins decrease cholesterol biosynthesis, and cholesterol is the precursor of 

testosterone, there is some concern whether statins might impair testosterone 

production. Statins decrease serum availability of the substrate cholesterol,and in 
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vitro studies showed that statins decrease cholesterol production in testicular Leydig 

cells (Klinefeltet al.2014;), or inhibit enzymes within the testosterone biosynthesis 

pathway (e.g. 17β-hydroxysteroid dehydrogenase), (Smals et al.1991).     A lower 

testosterone level due to statins may be undesired in men with already low 

testosterone levels, since it may lead to symptoms such as a decrease in mood, libido, 

muscle strength, or bone mineral density. The 2013 American guidelines for 

cardiovascular disease prevention lowered the threshold for treatment with statins and 

widened the target population (Stone et al. 2014). Furthermore, the prevalence of 

diseases such as type 2 diabetes mellitus (T2DM) and CVD is 

increasing(Lieberman,2003;Gersh et al.2010). 

 Therefore, the already substantial use of statins in clinical practice may further 

increase, and this might come along with an increase in non-beneficial effects of 

statins (Ray et al.2014). Consequently, it is important to elucidate whether statins 

decrease serum testosterone levels, and more specifically non-SHBG bound 

testosterone, as potential undesired effect of their use. 

1.2.Objective: 

Hypogonadism in men is one of the conditions that needs therapeutic attention and 

intervention. It is reported to be associated with aging, diabetes and statin therapy. 

Hypogonadism was defined as low serum total testosterone (<300 ng/dL) and free 

(<5 ng/dL) testosterone in combination with low libido, ED, osteoporosis or fracture, 

or 2 or more of the following symptoms: sleep disturbance, depressed mood, 

lethargy, or diminished physical performance. 

Obesity, diabetes and statin therapy are common in Libyan subjects. There are few 

studies undertaken to study the prevalence, association with diabetes and statin 

therapy in Libyan subjects. Therefore the present study was carried out to evaluate 

and measure serum testosterone levels 

 In normal subjects undergoing statin therapy for dyslipidemia 

 In diabetes 

 In diabetes with statin therapy 



4 
 

 In diabetic hypertensives  

 In diabetic hypertensives on statin therapy 

Subjects on statin therapy were grouped further into two categories–those who are 

undergoing statin therapy for less than one year and those for more than one year. 

1.3.The obesity in Libya 

The prevalence of obesity is increasing in Libya as well as all over the world 

(IASO,2012) as shown in the (Table2.1 )below. Obesity is rampant in Libya as 30.5% 

of Libyan adults (IASO,2012) (Table2.1 ), 16.9% of children aged 5 or younger 

(Yang,Kelly and He,2007), and 6.1% of children aged between 10 and 18 are obese 

(Wells,2009). The rate of obesity progressively increases with age, from 4.2% in 

those aged between 10 and 12 to 46% in those aged between 55 and 64 (IASO,2012; 

Wells,2009) . 

Table1.1. Prevalence of overweight and obesity in different countries 

Country 

Overweight Obesity 

Male 

(%) 

Female 

(%) 

All 

(%) 

Male 

(%) 

Female 

(%) 

All 

(%) 

Libya (IASO,2012) 36.1 29.7 33 21.4 40.1 30.5 

USA 1999–2008 (FAO,2005) 40.1 28.6 34.2 32.2 35.5 33.8 

KSA 1995–2002 (Hediger et 

al.2001) 

42.4 31.8 36.9 26.4 44 35.6 

Tunisia 1997 (Gilmann et al 

2001) 

23.3 28.2 27.4 6.7 22.7 14.4 

Turkey 2001–2002 (Gilmann et 

al.2001) 

46.5 28.6 36.8 16.5 29.4 23.5 

.International Association for the Study of Obesity. Global prevalence of adult 

obesity (IASO) 

The mean BMI in Libyan adults is 27.7 kg/m2 (26.4 kg/m2 in men and 29 kg/m2 in 

women), and the mean waist circumference is 93.3 cm. Obesity was almost two times 

more common among Libyan women than men (21.4% vs. 40.1%) (IASO,2012; 

Neel, 1962), whereas overweight was more prevalent among men than women, a 

trend being observed worldwide (FAO2005,Hediger et al2001;Gilmann et al 2001). 
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 Table1.2 . Prevalence of obesity in Libya 1984 vs. 2008 

Year 
Obesity 

definition 
Survey 

Mean BMI 

(kg/m
2
) 

Obesity in 

Males 

Obesity in 

Female 
All 

1984 

(Neel,1962) 

BMI≥27 M; 

BMI≥25 F 

Subnational 

(Tripoli) 

NR 7.7% 42.5% 12.6% 

2008 

(IASO,2012) 

BMI≥30 National 27.7 21.4% 40.1% 30.5% 

Globally, overweight and obesity are the fifth leading contributors to fatalities (Flegal 

et al.2010). Obesity and overweight result in major morbidity and premature death as 

they are predisposing factors for diabetes mellitus, hypertension and dyslipidemia 

(Benghazi Diabetes Center. 2009). 

 In Libya, some studies showed that obesity is more prevalent among people with 

Type 2 diabetics (T2DM)(Benghazi Diabetic Center 2009). hypertensives (Dakhil et 

al. 2000) and  females with polycystic ovary disease (PCOD) (Najem et 

al.AOP.2000), (Table ), which indirectly indicates that these diseases are more 

prevalent among obese than non-obese Libyans. 

 

Table1.3 . Prevalence of obesity among Libyan patients with selected medical 

conditions in comparison to general Libyan population 

Group 
BMI 

(kg/m
2
) 

Obesity 

Male Female All 

General (IASO,2012) population 27.7 21.4% 40.1% 30.5% 

Type 2 DM 33.7 52.67% 70.62% 63% 

Hypertension (Dakhil et al 2000) NR 87.4% 87.2% 87.3% 

Polycystic ovary disease (Najem , 

Elmehdawi , Swalem,AOP) 

34.4 NA 75% NA 

     

 

 

Diabetes mellitus is considered a CHD equivalent and, both CARE trial and Heart 

Protection Study found significant improvement in outcomes with statin therapy even 
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at LDL-cholesterol values below 100 mg/dL (2.6 mmol/l). The CARDS study found 

similar benefits of statin therapy in patients with an LDL-cholesterol above and 

below 120 mg/dL (3.1 mmol/L). Thus the ATP-III goal LDC-cholesterol is similar to 

that in patients with CHD: less than 100 mg/dL (2.6 mmol/l), and perhaps more 

aggressive target LDL-cholesterol goals of 75 to 80 mg/dL (1.9 to 2.1 mmol/l) may 

be appropriate in high risk groups Cardiologists declare that “cholesterol-containing 

lipoproteins are central to the pathogenesis of atherosclerosis,(ACC/AHA 

guidelines,2013). 

1.4. Classification of LDL, Total, and HDL Cholesterol (mg/dL) (NIH, 

2001) 

1.4.1. LDL Cholesterol - Primary Target of Therapy 

<100 Optimal 

100-129 Near Optimal/Above Optimal 

130-159 Borderline High 

160-189 High 

 
190 

Very high 

1.4.2. Total Cholesterol 

<200 Desirable0 

200-239 Borderline High0 

 240 High 

1.4.3. HDL Cholesterol  

< 40 Low 

 60 High 
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Statins, first approved for clinical use in 1987, are very effective in lowering 

cholesterol. High intensity statin therapy, rosuvastatin 20mg/day and atorvastatin 

(Lipitor) 40-80 mg, reduces LDL-C by 50 percent or greater. Moderate intensity 

therapy, rosuvastatin 10 mg, atorvastatin 10 mg, simvastatin (Zocor) 20-40 mg, and 

pravastatin (Pravachol) 40 mg/day, achieves a 30 to 50 percent reduction of LDL-C. 

[Miedema , Lopez , Blaha ,2015)]. 

The Middle East region has the highest dietary ene0rgy surplus among developing 

countries, and there is evidence of a rapid rise in non-communicable disease risk 

factors, especially obesity (Kelishadi, 2007) . 

The prevalence of insulin resistance and metabolic syndrome is high in Libyan 

population. Type 2 diabetes affected >16% in Libya which is the highest prevalence 

in North Africa and among Arabic nations(Omran and Targ ,2006). 

The prevalence of diabetes is rapidly increasing with the changes of life style and 

composition of meals. The high prevalence of diabetes has led to an increase in 

medical conditions that accompany obesity, hypertension, and cardiovascular disease 

(CVD) (Jazet, Pijl  Meinders ,2003).  

Type 2 diabetes (T2DM) develops through the stage of Impaired Fasting 

glucose(IFG) and/or impaired glucose tolerance (IGT), which are asymptomatic and 

unassociated with any manifested morbidity. Their sole significance, lies in the fact 

that they predict future diabetes or cardiovascular disease(Stern, Fatehi, Williams, 

Haffner ,2002). Recently, it has been found that insulin resistance and insulin 

secretory defect appears in the prediabetes stage i.e., before the onset of diabetes 

(Festa, D’Agostino Jr. Hanley et al.2004).  
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1.5. Statins: Mechanism of Action  

Statins act by competitively inhibiting HMG-CoA reductase, the first and key rate-

limiting enzyme of the cholesterol biosynthetic pathway. Statins mimic the natural 

substrate molecule, HMG-CoA, and compete for binding to the HMGCR enzyme. 

This competition slows the rate of mevalonate production, the next molecule in the 

serial steps to produce cholesterol. Hence, in the presence of statins, the precursor 

HMG-CoA is not efficiently processed forward to produce mevalonate, blocking the 

pathway. 

 

Figure 1.1: Statins act by competitively inhibiting HMG-CoA reductase 

 



9 
 

Statins inhibit cholesterol synthesis in the liver, significant because most 

circulating cholesterol comes from internal manufacture rather than the diet. If liver 

production of cholesterol falls, then so does the level in the blood. As cholesterol 

synthesis occurs mostly at night during fasting, statins with short biologic half-lives 

of activity are taken at night to maximize the inhibitory effect. Short-acting 

simvastatin taken at night shows greater LDL and total cholesterol reduction than if 

taken in the morning, whereas there is no such difference for the long-acting 

atorvastatin. 

In addition, liver cells sense the reduced levels of liver cholesterol production with 

statin use and try to compensate by synthesizing more LDL receptors on the cell 

surface to increase cholesterol uptake from serum. The LDL and VLDL particles bind 

and are internalized into liver cells, where the cholesterol component is processed 

into bile salts. These are then excreted or recycled. 

The molecules of statins vary from one another in their ring structure and chemical 

side group. These differences affect the pharmacologic properties of each statin by 

varying the: 

 Affinity to the active site of the target enzyme, HMGCR 

 Rates of entry into liver versus non-liver cells 

 Systemic availability of the compounds in the body; and 

 Biochemical metabolism and excretion pathways that affect the biologic half-life 

of the active compound (Goodman and Gilman, 2011). 

Hepatoselectivity of statins is determined in large part by their hydrophilic 

properties. Hydrophobic statins tend to have higher exposure in non-hepatic tissues, 

while the hydrophilic statins are more liver specific. The reason for these selectivity 

differences is that lipophilic statins can passively diffuse through cell membranes into 

many cell types, while the hydrophilic statins make use of active transporters into 

hepatocytes, resulting in fewer unwanted side effects at other tissues. 
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The organic anion transporting polypeptide (OATP) aids hepatic uptake of 

hydrophilic statins—such as rosuvastatin and pravastatin—to give them better 

potency and selectivity for liver. 

Studies have shown that statins bind reversibly to the HMGCR enzyme. The binding 

affinity of statins for HMGCR enzyme is in the nanomolar range, about 10,000x 

higher affinity than the affinity for the natural substrate molecule (HMG CoA), in the 

micromolar range. The specificity and high binding affinity of statins is due to 

bonding interactions that form between the statin and the HMGCR enzyme active 

site. 

1.5.1.Type 1 statins : 

 are those derived from natural sources or modifications of natural molecules, and 

include lovastatin, pravastatin, and simvastatin. 

1.5.2.Type 2 statins 

 are those that are synthetic and can be made in relative abundance in the 

laboratory, after understanding the structures of various natural statins. These include 

fluvastatin, atorvastatin, rosuvastatin, and cerivastatin. 

1.6.Steroidogenesis: 

Formation of steroids and steroid hormones from cholesterol is called as 

steroidogenesis. The pathway is common with cell-specific variations depending 

upon in which gland steroidogenesis takes place. ( adrenal, ovarian, testicular, 

placental ). 

The first and rate-limiting step in steroidogenesis is the conversion of cholesterol 

to pregnenolone by a single enzyme, P450scc (CYP11A1), but this enzymatically 

complex step is subject to multiple regulatory mechanisms, yielding finely tuned 

quantitative regulation. Qualitative regulation determining the type of steroid to be 
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produced is mediated by many enzymes and cofactors. Steroidogenic enzymes fall 

into two groups: cytochrome P450 enzymes and hydroxysteroid dehydrogenases. A 

cytochrome P450 may be either type 1 (in mitochondria) or type 2 (in endoplasmic 

reticulum), and a hydroxysteroid dehydrogenase may belong to either the aldo-keto 

reductase or short-chain dehydrogenase/reductase families. The activities of these 

enzymes are modulated by posttranslational modifications and by cofactors, 

especially electron-donating redox partners. The elucidation of the precise roles of 

these various enzymes and cofactors has been greatly facilitated by identifying the 

genetic bases of rare disorders of steroidogenesis. Some enzymes not principally 

involved in steroidogenesis may also catalyze extraglandular steroidogenesis, 

modulating the phenotype expected to result from some mutations. Understanding 

steroidogenesis is of fundamental importance to understanding disorders of sexual 

differentiation, reproduction, fertility, hypertension, obesity, and physiological 

homeostasis. 

1.7. Cholesterol Uptake, Storage, and Intracellular Transport 

De novo synthesis of cholesterol from acetate and from LDL cholesterol from the 

dietary total cholesterol form the precursors for adrenal steroid synthesis. 3-hydroxy-

3-methylglutaryl co-enzyme A reductase (HMG Co A reductase)  is the rate-limiting 

enzyme in cholesterol synthesis. LDL-cholesterol is taken up by the specific target 

organ by binding with apo-B 100 receptors through apo-B 100 present on the LDL. 

The uptake takes place clathrin coated pits by receptor-mediated reverse endocytosis. 

The cholesterol taken up by the cell is either stored as cholesterol ester or converted 

into specific steroid hormones. 

1.7.1. Delivery of cholesterol to mitochondria 

The initial step of steroid formation takes place inside mitochondria. StAR is the 

first-described member of a family of proteins that contain so-called START (StAR-

related lipid transfer) domains, which are found in most metazoan organisms18. Free 

cholesterol is nearly insoluble (critical micellar concentration, ∼25–40 nm) 21. 
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Cholesterol is solubilized by binding to proteins. StarD4, -5, and -6 that are 

structurally related to StAR, and appear to play major roles in intracellular cholesterol 

transport 19. Thus, the current view is that the family of proteins related to StarD4 are 

responsible for delivering cholesterol to the OMM from elsewhere in the cell (lipid 

droplets, endoplasmic reticulum) in most cell types, whereas StAR itself is 

responsible for delivery from the OMM to the IMM, but only acts in steroidogenic 

cells. 

1.7.2.Key enzyme of Cholesterol Biosynthesis 

Two acetyl-CoA molecules can be condensed to create acetoacetyl-CoA, the first 

step in the HMG-CoA/mevalonic cid pathway, leading to synthesis of isoprenoids 

like mevalonic acid and ultimately cholesterol.  

  

Figure 1.2: Acetoacetyl-CoA Biosynthesis 

The molecule 3-hydroxy-3-methylglutaryl-coenzyme A (HMG CoA) is formed 

from acetyl CoA and acetoacetyl CoA via the action of the enzyme HMG-CoA 

synthase.  

http://www.lecturepad.org/dayspring/lipidaholics/pdf/LipidaholicsCase291.pdf
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Figure 1.3.: HMG-CoA Biosynthesis 

 

 

 

 

 

 

 

 

Figure 1.4: Cholesterol Biosynthesis 

The HMG-CoA molecule, when acted upon by the enzyme HMG CoA synthase, 

leads to mevalonic acid the major precursor to cholesterol synthesis. 

1.8.Androgen synthesis 

The major circulating androgen is testosterone. Almost 95% is secreted by the 

Leydig cells in the testis, which synthesizes about 6-7 mg testosterone per day. The 

remaining derives form the adrenals (Saez, 1994).The precursor of the gonadal, as 

well as the adrenal steroids, is cholesterol (Figure ). The conversion of cholesterol to 
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testosterone and DHT requires the action of five enzymes: side chain cleavage 

enzyme (SSC), 3β-hydroxysteroid dehydrogenase/ Δ5,4 isomerase (3β-HSD), 17α- 

hydroxylase/C17,20 lyase, 17β-hydroxysteroid dehydrogenase (17β-HSD) and 5α- 

reductase (SRD5A). Mutations in any of these enzymes, or associated proteins such 

as the steroidogenic acute regulatory (StAR) protein, affect both testosterone and 

cortisol synthesis. As result, either female or male androgen as well as adrenal 

insufficiency arises. These syndromes are known as congenital adrenal hyperplasia 

(Evenson et al., 1993; Lin et al., 1995). Since Leydig cells cannot store androgens, 

biosynthesis continually takes place and androgens are mainly secreted into the blood 

where testosterone is bound to albumin (54%) or sex hormone binding globulin 

(SHBG) (44%). Only 3% of total testosterone circulates in a free form.  

 

 

Figure 1.5. Androgen biosynthesis- Formation of Testosterone and its conversion 

to dihyrdo testosterone 



15 
 

 

 

Figure 1.6:Hypothalamic –pituitary gondal axis 
  

Testosterone circulates in the body both as free fraction (2%) and bound to 

albumin (54%) and sex hormone-binding globulin (44%). Free and albumin-bound 

testosterone comprises bioavailable testosterone (Mohr et al. 2005).  
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1.9.Testosterone 

1.9. 1.Definition  of Testosterone: 

Derived from cholesterol, testosterone is a steroid hormone that is responsible for 

the development and maintenance of masculine characteristics. Testosterone is 

secreted in large amounts by the testes (testicles) in males, and to a lesser extent, by 

the adrenal cortex and ovaries in females (Mazur, A., & Booth, A. 1998). 

Like all hormones, testosterone travels though the bloodstream and binds to other 

tissue in order to influence physiological activity. Testosterone belongs to a class of 

hormones called androgens, which are those steroid hormones that have 

masculinizing effects on individuals. Testosterone exerts its effects during three 

different life stages: the perinatal period (gestation and shortly after birth), puberty, 

and adulthood.  

Not only does testosterone influence the growth and development of masculine 

physical features, such as the penis and the beard, but testosterone is also related to 

a variety of social behaviors of interest to social psychologists, including 

aggression, power, sexual behavior, and social dominance. In addition, social 

experiences such as competition can cause testosterone levels to rise or fall (Mazur, 

A., & Booth, A. 1998). 

Androgens in the male are essential for the development and maintenance of 

specific reproductive tissues such as testis, prostate, epididymis, seminal vesicles 

and penis, as well as other characteristic male properties such as increased muscle 

strength, hair growth, etc. In order to maintain the androgen concentration at 

appropriate levels, the production rates of androgens must be in balance with the 

metabolic clearance and excretion. The action of androgens in target cells depends 

on the amount of steroid which can penetrate into the cells, the extent of metabolic 

conversions within the cells, the interactions with the receptor proteins and finally, 
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upon the action of the androgen receptors at the genomic level (Mooradian et al. 

1987). 

1.9.2.Perinatal Period : 

During the perinatal period, testosterone release influences the development of 

the sexual organs, but animal studies show that greater perinatal testosterone release 

also masculinizes the nervous system and influences adult behaviors. The evidence 

in humans is less clear, but some studies have found an effect of perinatal 

testosterone exposure in females but not males (Haupt and Rovere. 1984).  

For example, perinatal testosterone exposure in females has been associated with 

masculine or feminine behaviors in early childhood,and in adulthood, perinatal 

testosterone has been linked to personality traits such as sensation seeking and 

neuroticism. More research on perinatal testosterone exposure is necessary, but the 

existing humanevidence points to greater effects in females than in males (Haupt and 

Rovere. 1984).  

1.9.3.Puberty: 

Testosterone increases during puberty are related to the deepening of the voice, 

muscle growth, facial and body hair growth, and increased sex drive. There is also 

evidence in several animal species that testosterone elevations at the onset of 

puberty influence direct competitive behavior, including aggressive and dominant 

behavior, although the findings are less conclusive in humans (Loomba-Albrecht 

and Styne 2009). 

1.9.4. Adulthood: 

Across a number of animal species, higher testosterone concentrations in adult 

males seem to be associated with increased sex drive, and seasonal elevations in 

testosterone typically coincide with a greater frequency of reproductive behaviors. 

The few controlled studies that have been conducted in humans demonstrate that 

testosterone tends to increase sex drive and sexual behaviors among men with 
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abnormally low levels of testosterone, but not among men who already have 

testosterone levels within the normal range (Loomba-Albrecht and Styne 2009). 

Testosterone has also been associated with aggression and competition over food 

and mates in a number of animal species. Seasonal elevations in testosterone are 

associated with increases in aggression and mate competition. In humans, there also 

seems to be a small relationship between testosterone and aggression. For example, 

several studies of male and female prisoners have found that prisoners with higher 

testosterone had conducted more violent crimes and tended to break more rules in 

prison. 

Testosterone is also related to power and social dominance. In several animal 

species, higher testosterone is predictive of higher social status within status 

hierarchies. In humans, testosterone is associated with more masculine, dominant 

facial characteristics and with personality styles that align with power and 

dominance. In addition, high testosterone individuals are more reactive to and pay 

more attention to status threats, such as losing in a competition (Mazur, A., & 

Booth, A. 1998). 

Testosterone levels fluctuate in both the short-term and the long-term. In humans, 

testosterone levels peak in the late teens to early twenties and decline slowly but 

steadily after that. Testosterone levels also change throughout the day - they are 

highest in the morning, decrease over the course of the day, and rise again in the 

evening. In a number of animal species, there are seasonal changes in testosterone, 

and testosterone levels are typically highest during the breeding season. Social 

experiences can also cause testosterone levels to change (Haupt and Rovere. 1984). 

In nonhuman animals and humans, winners of competitions tend to increase in 

testosterone, and losers tend to drop in testosterone. In addition, testosterone can 

increase in response to sexual stimuli, such as the presence of a female. Most of the 

research on testosterone has focused on males, but more studies have begun 

examining females. Although females have only about one-seventh the testosterone 

levels as men, testosterone still seems to play a role. For example, research has 

found that higher testosterone females tend to smile less often, score higher on tests 
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of social dominance, and are more vulnerable to stereotype threat  (Loomba-

Albrecht and Styne 2009). 

1.9.5.Biosynthetic pathways: 

In the human male, testosterone is the major circulating androgen. More than 95% 

is secreted by the testis, which produces approximately 6–7 mg per day. The 

metabolic steps required for the conversion of cholesterol into androgens take place 

in approximately 500 million Leydig cells that constitute only a few percent of the 

total testicular volume. Although Leydig cells are of major importance for the 

generation of circulating androgenic hormones, the adrenal cortex also contributes to 

this production (Coffey 1988). 

The production of steroids is not limited to endocrine glands but very small 

amounts, mainly pregnane derivatives, can also be produced in brain cells (Baulieu 

1997). Although the contribution of cells in the nervous system to circulating 

hormones is very small, local production of steroids can be physiologically very 

important especially when transport and clearance are low. Since Leydig cells are 

most important for the production of androgens, the steroidogenic pathways in these 

cells will be described in some detail  (King et al. 2002). The enzymes and 

intermediates involved in this reaction cascade are depicted in (Figure 1.7)  

The source for the synthesis of steroids is cholesterol. This substrate may be 

synthesized de novo from acetate but it may also be taken up from plasma 

lipoproteins. For human Leydig cells the LDL lipoprotein fraction seems to be the 

predominant extracellular store of cholesterol. In addition, intracellular lipid droplets 

which contain cholesterol esters may function as intracellular stores of cholesterol 

(Freeman and Rommerts 1996). 

The relative contribution of synthesis and cholesterol supply from lipoproteins or 

lipid droplets depends on the species and the extent of stimulation of steroid 

production. For high steroidogenic activity an ample supply of cholesterol is essential 

and sufficient hormone-sensitive lipase and enzyme activity for uptake of cholesterol 

(esters) must be present. For Leydig cells it appears that the cholesterol in the plasma 
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membranes acts as the main and most readily available pool of cholesterol (Rao et al. 

2003).  

A vesicle-mediated transport system involving an endosomal/lysosomal network 

seems to act as the conveyer belt for intracellular cholesterol transport to the 

mitochondria. The supply of cholesterol to the outer membrane of the mitochondria 

also requires transfer proteins and for this process sterol carrier protein2 (SCP2) 

could play an important role (van Noort et al. 1988). 

This protein could facilitate cholesterol trafficking inside the cell in conjunction 

with the cytoskeleton and the vesicular system, but although many suggestions have 

been made in this direction, there is still insufficient proof for this model. An 

important question in this respect is whether changes in intracellular cholesterol 

trafficking under the influence of LH are a consequence of utilization of cholesterol at 

the mitochondrial level followed by a re-equilibration process or whether LH actively 

directs cholesterol movement to the mitochondria (van Noort et al. 1988). 

Whatever mechanisms operate, the ultimate result of the coupled intracellular 

transportmechanisms is regulation of the availability of cholesterol at the level of the 

mitochondria for production of pregnenolone (C21) from cholesterol (C27). Cleavage 

of the side chain of cholesterol and the formation of pregnenolone inside the 

mitochondria is the start of the steroidogenic cascade. Subsequently, pregnenolone is 

converted to a variety of C19-steroids by enzymes in the endoplasmic reticulum.  

The biosynthesis of the biologically active androgens is thus the result of a 

stepwise degradation of biologically inactive pregnenolone. This process is catalyzed 

by oxidative enzymes, many of which are members of a group of heme-containing 

proteins called cytochromes P450.As can be seen in Figure 1.7, the specific 

steroidogenic P450 enzymes can catalyse different although related reactions. The 

precise pathways which are utilized for the formation of testosterone most probably 

depend on the properties and amounts of the various enzymes as well as on the 

composition of the membrane into which these steroid-converting enzymes are 

integrated. 
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Under normal conditions the total capacity of the pregnenolone-converting 

enzyme system in humans is insufficient to convert all available pregnenolone into 

testosterone. 

As a result many intermediates in the form of progesterone derivatives leak out of 

the Leydig cells. This illustrates that the rate-limiting step for the production of 

testosterone is localized at the level of the endoplasmic reticulum, whereas the rate-

determining step for steroidogenesis (short term regulated by LH) is at the level of the 

cholesterol side chain cleavage activity in the mitochondria (van Haren et al. 1989). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  1.7.:Steroidiogenic pathways . 
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1.9.6.Testosterone in blood 

Testosterone circulates in serum largely bound to transport proteins. Like other 

steroids and thyroid hormones, both albumin and specific binding globulins are 

involved in testosterone binding. Testosterone binds to albumin with low affinity but, 

due to its high concentration, albumin displays a very high binding capacity. 

The specific transport protein for testosterone, some other androgens and estradiol 

is sex hormone binding globulin (SHBG). 

About 1.5–2% of serum testosterone is free and is believed to represent bioactive 

testosterone. According to the free hormone hypothesis, it is only the free hormone 

fraction that is accessible to all body compartments and can enter the cells, exerting 

its action where androgen receptors are available. The free diffusion of unbound 

testosterone in all cells and organs is demonstrated by the same free testosterone 

concentration in all body fluids, e.g. in blood and in saliva.  

Free and protein bound testosterone and DHT are in equilibrium, so that when free 

hormone is subtracted from circulation because of entry into tissue, new testosterone 

dissociates from albumin and SHBG, a new equilibrium is promptly reached and the 

free hormone concentration in serum remains constant. Conversely, 

pathophysiological conditions causing changes in binding protein concentration (e.g. 

pregnancy, hyperthyroidism, growth hormone excess, treatment with antiepileptic 

drugs) or displacement of testosterone from SHBG by drugs (e.g. danazol) results in 

changes in total testosterone concentration in order to maintain constant free 

testosterone levels (Pugeat et al. 1981). 

Measurement of SHBG is valuable for assessment of androgenization and of free 

testosterone. In earlier times SHBG was measured indirectly, by estimating its 

binding capacity. The classic method used tritiated DHT as ligand because of its 

higher affinity to SHBG and lack of binding to cortisol binding globulin (CBG). 
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Saturating amounts of labeled DHT were added to the samples and SHBG was then 

precipitated by ammonium sulfate (Ekins 1990). 

The amount of labeled DHT precipitated provided a direct measurement of SHBG 

binding capacity. This method did not allow absolute changes in SHBG protein 

concentrations to be measured, which can now be assessed by modern 

immunoradiometric assays. Modern assays have demonstrated that, in general, SHBG 

binding capacity (expressed in terms of DHT binding) corresponds acceptably to the 

molar SHBG concentration (Ekins 1990). 

The free hormone hypothesis has been repeatedly challenged in the scientific 

literature, mainly due to the difficulty of reconciling the existing experimental 

evidence with appropriate mathematical models of hormone transport (Mendel 1992). 

For instance, the low affinity of testosterone for albumin binding and some 

experimental data led to the idea that albumin-bound testosterone is readily available 

for delivery to the tissues (i.e. bioavailable) while only SHBG-bound testosterone is 

not biologically active (Manni et al. 1985).  

In contrast, SHBG itself has been proposed to interact with cell surface receptors, 

thereby contributing to the biological activity of androgens (Rosner et al. 1999). This 

novel, putative function of SHBG is of particular interest in the light of the essential 

lack of any physiological explanation why primates, unlike all other species, possess 

such a protein. 

SHBG seems to “buffer” serum testosterone levels, which, beside the 

physiological circadian rhythm, show only minor circhoral variations despite highly 

pulsatile LH secretion (Simoni et al. 1988 and 1992). On the contrary, serum 

testosterone levels oscillate widely in rodents, which do not have SHBG. In addition 

SHBG reduces the rate of hepatic testosterone degradation. There are no known cases 

of congenital absence of SHBG in humans but an analbuminemic strain of rats, a 

species which does not have circulating SHBG, is normally fertile and shows normal 
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free testosterone levels, arguing for a dispensable role of serum testosterone binding 

proteins (Mendel et al. 1989). Similarly, the congenital absence of thyroxin binding 

globulin (TBG) in humans is compatible with normal thyroid function (Dussault et al. 

1977). 

Since SHBG concentrations influence total and free testosterone levels, it is 

important to know which factors influence SHBG production. Of the hormones, 

estrogens stimulate and androgens inhibit SHBG secretion. Administration of 20 g 

daily of ethinyl estradiol to men for 5 weeks resulted in a 150% increase in SHBG 

and, as a consequence of the reduced free testosterone levels, in a 50% increase in 

total serum testosterone. The estrogen effect is evident in women, who have SHBG 

serum levels double of those in men, and during pregnancy, when SHBG rises to 

levels 5–10 times higher than in non-pregnant women (Anderson 1974).  

In addition, SHBG levels are stimulated by thyroid hormones, resulting in high 

levels in thyrotoxicosis and low levels in hypothyroidism, and are reduced by growth 

hormone and cortisol, resulting in low levels in acromegaly and in Cushing syndrome 

(Dussault et al. 1977).  

Finally, SHBG levels are higher in children than in adults and increase in men 

after the age of 50, contributing to the possible decline of free testosterones levels 

observed in aging men (Simoni et al. 1988). 

The most important bioactive metabolite of testosterone is DHT. The reduction of 

testosterone to DHT occurs in those tissues expressing 5α-reductase and DHT is well 

measurable in circulation. In eugonadal, adult men serum DHT concentrations are 

about 10–12 times lower than testosterone and DHT is mainly bound to SHBG. 

Given the role of DHT in prostate growth, the measurement of serum DHT is of 

relevance during testosterone treatment, especially when testosterone is administered 

via the trans-cutaneous route, (e.g. testosterone gel or patches) since the skin is the 

primary organ for 5α-reduction (Simoni et al. 1988). 
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1.9.7.Principles of immunological testosterone assays 

As for all other hormones, the accurate measurement of testosterone in blood was 

made possible by the advent of radioimmunoassays (RIA). In immunological assays 

the hormone being measured (i.e. the antigen) competes with the labeled hormone 

(i.e. the tracer) for binding to an antiserum (the antibody). Since the amount of 

antibody available for reaction is limited, the higher the concentration of the hormone 

in blood, the lower the amount of tracer bound by the antibody (Furuyama et.al. 

1970). 

At the end of the reaction, the antibody bound to the hormone (B) is separated 

from the free fraction (F) and the radioactivity or the signal emitted by a non-

radioactive tracer is measured (Fig. 3.2).  

In case of testosterone RIA, the tracer can be tritiated or iodinated. 3H-testosterone 

can be tritiated in two or four positions (Fig. 3.2). Iodination, which can be achieved 

by oxidation (e.g. by reaction with chloramine-T) of a thyrosine or another amino 

acid residue in peptidic hormones, requires conjugation with a histamine residue in 

the case of a steroid molecule (Dechaud et. al. 1989). 

 

 

 

 

 

 

 

Figure. 1.8. Principle of immunological testostreone assay 
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Both tritiated and iodinated testosterone tracers are commercially available. The 

half-life of the tracers depends on the isotope. Tritiated tracers can be stored and used 

for years but, since the slow but progressive decay results in impurities which reduce 

the assays’ performance, they should be purified by chromatography at 6–12 months 

intervals (Morley et. al. 2002). 

Iodinated tracers, e.g. testosterone-3-(O-carboxymethyl)oximino-(2-[125I] 

iodohistamine, show a much shorter half-life and can be used only for about one 

month, but they have a much higher specific activity than the tritiated tracers 

allowing the use of lower antiserum concentrations and improved assay sensitivity 

(Morley et. al. 2002). 

Iodinated testosterone is usually purified by high performance liquid 

chromatography (HPLC) by the manufacturer and does not require further cleaning 

before use. If the tracer is produced in-house, it should be purified by HPLC or other 

chromatographic technique (e.g. gel filtration on Sephadex) before use. In recent 

years non-radioactive testosterone tracers have been produced and are widely used in 

clinical routine measurements. They offer the advantage of a lower environmental 

impact, but the assays employing such tracer function according to the same 

principles of RIAs (Morley et. al. 2002). 

Beside the specific activity of the tracer, the assays’ sensitivity depends on the 

affinity of the antiserum, which should, if possible, be identical for both the antigen 

and the tracer. Since testosterone is not antigenic when injected in animals, a 

testosterone conjugate conferring aptene properties to the steroid must be used to 

obtain antisera (Raivio et. al. 2001). 

As for iodination, position 3 in the A ring of testosterone is usually exploited for 

conjugation with the CMO (carboxymethyloximino) group, a spacer necessary for 

coupling the antigen to BSA which renders the conjugate antigenic. The antibodies 

for testosterone immunoassays are usually polyclonal antisera obtained in rabbits, but 
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monoclonal antibodies are used in some kits. Polyclonal antisera have the advantage 

of high affinity, but good monoclonal antibodies might have better specificity, 

obviating, at least in part, the problem of cross-reactivity of most polyclonal antisera 

with DHT (Raivio et. al. 2001). 

After the antigen-antibody reaction has reached equilibrium, separation of the 

antibody-bound (B) from the free tracer (F) can be accomplished specifically by 

adding an antiserum directed against the immunoglobulins of the species from which 

the first antibody was obtained (e.g. goat antirabbit antiserum), together with 

preimmune serum (e.g. normal rabbit serum) to achieve complete precipitation of the 

immune complexes (Furuyama et.al. 1970). 

Fig.1.9: Tracers uesd in testosterone immunoassays  



28 
 

The reaction tubes are then centrifuged and the radioactivity or the signal emitted 

by the non-radioactively-labeled tracer is counted. Alternatively, non-specific 

precipitating agents (e.g. ammonium sulphate, polyethylene glycol, [PEG]) or 

substances which absorb the free antigen (e.g. dextran-coated charcoal) can be used 

(Morley et. al. 2002).  

In practice, in a testosterone RIA based on rabbit antiserum, B/F separation is 

performed very efficiently by addition of rabbit immunoglobulins, antirabbit 

antiserum and PEG (Morley et. al. 2002). 

After counting the results can be calculated in several ways. The signal emitted by 

the unknown samples is compared to that of the samples with known testosterone 

concentrations, i.e. the calibrators of the standard curve, after logarithmic, 

semilogarithmic or logit/log transformation, using computer programs usually 

enclosed in the software of the counter. These mathematical transformations of the 

readouts permit linearization of the calibration curve over a wide range, allowing 

accurate calculation of the actual testosterone concentration in the unknowns (Morley 

et. al. 2002). 

Since testosterone in serum is mostly bound to carrier proteins, which prevents the 

antibody-antigen reaction by competing with the antiserum, the steroid must be 

extracted with organic solvents prior to RIA or other immunoassays. Extraction is 

usually performed by adding 10–20 volumes of diethyl ether to the serum samples. 

This step is followed by vortexing (5 min) or agitation of the samples on a rotator (30 

min) and freezing of the aqueous phase. Testosterone, which is lipophilic, remains in 

the organic phase which can be decanted, evaporated and reconstituted in assay 

buffer. 

 This extraction procedure is usually highly efficient (≈90%) and can be monitored 

by measuring the recovery of trace amounts of radiolabeled testosterone added 

beforehand. Both testosterone and DHT are extracted by this method. If an accurate 
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quantification of testosterone and DHT is desired, the extracted steroids can be 

reconstituted in the appropriate diluent and separated by a chromatographic procedure 

(e.g. HPLC or celite chromatography) before RIA (Morley et. al. 2002). 

The calibrators used in the standard curve are serial dilutions of a sample with 

known testosterone concentrations dissolved in the same matrix (buffer or serum 

based) of the samples measured. In extraction methods, testosterone is weighed, 

dissolved in ethanol and further diluted in assay buffer. In non-extraction methods the 

standard is added to steroid-free sera. The maintenance of the same matrix is 

necessary to ensure parallelism between standards and unknowns. 

These assay principles are common to RIA and non-radioactive methods. Unlike 

the most recent assays for peptidic hormones, the newest technologies which have 

highly improved sensitivity thanks to the two-site, sandwich approach, cannot be 

applied to the steroid hormone assays (Furuyama et.al. 1970).  

In the immunoradiometric assays (IRMA) the large protein hormone is first 

reacted with a capture antibody (in molar excess) coated to the tube walls, the tubes 

are washed, and a labeled second antibody directed against a second epitope of the 

hormone is added. Steroid hormones are too small to be reacted simultaneously with 

two antibodies and the IRMA principle cannot be applied, so that the sensitivity of a 

testosterone assay can be improved only by increasing the specific activity of the 

tracer and/or the affinity and specificity of the antibody (Raivio et. al. 2001). 

1.9.8.Measuring testosterone levels 

Several laboratory assays and methods of calculation are used to assess the three 

testosterone measures: total testosterone (protein bound plus free), free testosterone 

(not bound to proteins), and bioavailable testosterone (free plus albumin bound). The 

methods used to conduct the measurements vary in their accuracy, standardization, 

the extent of validation, and the reproducibility of results. Additionally, there are 

issues regarding the timing and number of samples needed to provide accurate data 
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that can be compared across studies. Further complicating this issue are the 

fluctuations of an individual’s testosterone levels during the day and the wide range 

of normal testosterone levels between individuals (Jockenhovel et. al. 1992). 

Total testosterone (serum testosterone) is generally measured by 

radioimmunoassay, which is a validated, standardized, and reproducible assay. 

However, because the level of the high-affinity binding protein SHBG increases with 

age (and therefore a greater percentage of the total testosterone is bound to SHBG 

and is not available to the tissues), this measure may not be as useful in studies of 

aging populations as are measures of bioavailable testosterone (Gonzalez-Sagrado et. 

al. 2000).  

Bioavailable testosterone (free plus albumin bound) is measured or calculated in 

several ways. SHBG in serum can be precipitated with ammonium sulfate and the 

bioavailable testosterone is then measured in the supernatant (SHBG is precipitated 

by a lower concentration of ammonium sulfate than albumin). Alternatively, 

bioavailable testosterone can be calculated using measures of total testosterone and 

immunoassayed SHBG concentrations (Rosner, 1972). 

Measures of free testosterone are more controversial. Laboratory measurements of 

free testosterone have generally been conducted by equilibrium dialysis. This method 

is standardized and validated, but is only available through reference laboratories 

(Matsumoto, 2002) and is costly.  

Direct non-dialysis measures of free testosterone using analog immunoassays are 

widely used in local laboratories; however, the results appear to be less accurate 

(Winters et al., 1998; Rosner, 2001) with either high or low SHBG levels. Free 

testosterone can also be calculated using measurements of total testosterone, albumin, 

and SHBG concentrations (Vermeulen et al., 1999). 
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1.9.9.Impact of life style related factors on reproductive function 

Several life-style related factors including hot baths, tight clothing, caffeine intake, 

drugs, alcohol, snuffing, cigarettes (including mother’s smoking during pregnancy) 

could potentially have some impact on the reproductive capability (Figure1.8) 

(Storgaard et al., 2003; Vine, 1996; Fagerström & Schildt, 2003; Shafik, 

1993;Saikhun et al., 1998). 

 

 

Figure 1.10: Effect of Environmental Factors on Reproductive functions  
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1.10.Diagnosis and Classification of Diabetes Mellitus 

 

1.10.1 definition and Description of Diabetes Mellitues: 

Diabetes is a group of metabolic diseases characterized by hyperglycemia resulting 

from defects in insulin secretion, insulin action, or both. The chronic hyperglycemia 

of diabetes is associated with long-term damage, dysfunction, and failure of different 

organs, especially the eyes, kidneys, nerves, heart, and blood vessels (Bell and 

Polonsky 2001).  

Several pathogenic processes are involved in the development of diabetes. These 

range from autoimmune destruction of the β-cells of the pancreas with consequent 

insulin deficiency to abnormalities that result in resistance to insulin action. The basis 

of the abnormalities in carbohydrate, fat, and protein metabolism in diabetes is 

deficient action of insulin on target tissues. Deficient insulin action results from 

inadequate insulin secretion and/or diminished tissue responses to insulin at one or 

more points in the complex pathways of hormone action (Bell and Polonsky 2001). 

Impairment of insulin secretion and defects in insulin action frequently coexist in 

the same patient, and it is often unclear which abnormality, if either alone, is the 

primary cause of the hyperglycemia. 

Symptoms of marked hyperglycemia include polyuria, polydipsia, weight loss, 

sometimes with polyphagia, and blurred vision. Impairment of growth and 

susceptibility to certain infections may also accompany chronic hyperglycemia. 

Acute, life-threatening consequences of uncontrolled diabetes are hyperglycemia with 

ketoacidosis or the nonketotic hyperosmolar syndrome (Genuth et. al. 2003). 

Long-term complications of diabetes include retinopathy with potential loss of 

vision; nephropathy leading to renal failure; peripheral neuropathy with risk of foot 

ulcers, amputations, and Charcot joints; and autonomic neuropathy causing 
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gastrointestinal, genitourinary, and cardiovascular symptoms and sexual dysfunction 

(Robert, 1998). 

Patients with diabetes have an increased incidence of atherosclerotic 

cardiovascular, peripheral arterial, and cerebrovascular disease. Hypertension and 

abnormalities of lipoprotein metabolism are often found in people with diabetes. The 

vast majority of cases of diabetes fall into two broad etiopathogenetic categories 

(Robert, 1998). 

In one category, type 1 diabetes, the cause is an absolute deficiency of insulin 

secretion. Individuals at increased risk of developing this type of diabetes can often 

be identified by serological evidence of an autoimmune pathologic process occurring 

in the pancreatic islets and by genetic markers. In the other, much more prevalent 

category, type 2 diabetes, the cause is a combination of resistance to insulin action 

and an inadequate compensatory insulin secretory response (Sicree et. al. 2003).  

In the latter category, a degree of hyperglycemia sufficient to cause pathologic and 

functional changes in various target tissues, but without clinical symptoms, may be 

present for a long period of time before diabetes is detected. During this 

asymptomatic period, it is possible to demonstrate an abnormality in carbohydrate 

metabolism by measurement of plasma glucose in the fasting state or after a challenge 

with an oral glucose load (Sicree et. al. 2003). 

The degree of hyperglycemia (if any) may change over time, depending on the 

extent of the underlying disease process. A disease process may be present but may 

not have progressed far enough to cause hyperglycemia. The same disease process 

can cause impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT) 

without fulfilling the criteria for the diagnosis of diabetes. In some individuals with 

diabetes, adequate glycemic control can be achieved with weight reduction, exercise, 

and/or oral glucose lowering agents.  



34 
 

These individuals therefore do not require insulin. Other individuals who have 

some residual insulin secretion but require exogenous insulin for adequate glycemic 

control can survive without it. Individuals with extensive β-cell destruction and 

therefore no residual insulin secretion require insulin for survival. The severity of the 

metabolic abnormality can progress, regress, or stay the same. Thus, the degree of 

hyperglycemia reflects the severity of the underlying metabolic process and its 

treatment more than the nature of the process itself. 

1.10.2.Classification of  Diabetes Mellitus and other  Categories  of 

Glucoes Regulation: 

 Assigning a type of diabetes to an individual often depends on the circumstances 

present at the time of diagnosis, and many diabetic individuals do not easily fit into a 

single class. For example, a person with gestational diabetes mellitus (GDM) may 

continue to be hyperglycemic after delivery and may be determined to have, in fact, 

type 2 diabetes.  

Alternatively, a person who acquires diabetes because of large doses of exogenous 

steroids may become normoglycemic once the glucocorticoids are discontinued, but 

then may develop diabetes many years later after recurrent episodes of pancreatitis. 

Another example would be a person treated with thiazides who develops diabetes 

years later. Because thiazides in themselves seldom cause severe hyperglycemia, such 

individuals probably have type 2 diabetes that is exacerbated by the drug. Thus, for 

the clinician and patient, it is less important to label the particular type of diabetes 

than it is to understand the pathogenesis of the hyperglycemia and to treat it 

effectively.Type 1 diabetes (β-cell destruction, usually leading to absolute insulin 

deficiency) 

1.11.Aim of study: 

The aim of this study was to assess the effects of oral statin  therapy  on  the 

testosterone serum level in men with type 2 diabetes and Hypertension patients.  
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2.1. Subjects : 

Libyan subjects who attended the Medicine Department, Faculty of Medicine, 

Benghazi University, Libya from 2013-2014 were screened and 240 subjects were 

taken for the study. They were divided into 8 groups: 30 subjects in each group 

Group I – Controls 

Group II-   Patients with high cholesterol on statin therapy 

Group III- Type 2 Diabetis 

Group IV- Type 2 Diabetis on statin therapy for less than1 year 

Group V- Type 2 Diabetis on statin therapy for more than one year 

Group VI- Type 2 Diabetic hypertensives 

Group VII- Type 2 Diabetic hypertensives on statin therapy for less than 1 year 

Group VIII- Type 2 Diabetic hypertensives on statin therapy for more than year  

The mean age and standard deviation (SD) of the patients with type 2 DM& HTN 

selected for this study was 45±8.5 years.  

Diabetic patients included in the study were either diagnosed using the following 

criteria or those who are already under medications. 

Diagnostic Tests for Diabetes: Diabetes weree diagnosed based on A1C criteria or 

plasma glucose criteria, either the fasting plasma glucose (FPG) or the 2-huor plasma 

glucose (2-h PG) value after a 75-gm oral glucose tolerance test (OGTT)  . 
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Figure 2.1 :blood test level. 

 

 Table2.1 Criteria for the diagnosis of diabetes 

A1C ≥6.5%. The test should be performed in a laboratory using a method that is NGSP 

certified and standardized to the DCCT assay.
*
 

OR 

FPG ≥126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.
*
 

OR 

2-h PG ≥200 mg/dL (11.1 mmol/L) during an OGTT. The test should be performed as 

described by the WHO, using a glucose load containing the equivalent of 75 g 

anhydrous glucose dissolved in water.
*
 

OR 

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random 

plasma glucose ≥200 mg/dL (11.1 mmol/L). 

 

 

 

 

http://care.diabetesjournals.org/content/38/Supplement_1/S8/T1.expansion.html#fn-1
http://care.diabetesjournals.org/content/38/Supplement_1/S8/T1.expansion.html#fn-1
http://care.diabetesjournals.org/content/38/Supplement_1/S8/T1.expansion.html#fn-1
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Figure 2.2 : Diagnosis of  Hypertension was done on the following basis 

(Kenning et al,2013) 

2.2.Inclusion criteria: 

1. Patients with high cholesterol 

2. Patients with a history of type 2 Diabetes (T2DM) 

3. Patients with diabetes and hypertension(HTN). 

These subjects had no other secondary causes of hypercholesterolemia or with 

secondary causes of HTN or hyperglycemia. 

 Waist circumference is a better estimate of visceral fat, the dangerous internal fat 

which coats the organs. It is therefore a more accurate predictor of cardiovascular 

risk, type 2 diabetes in women and metabolic syndrome. 
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2.3.Waist circumference was measured as follows. 

1) Place the tape measure directly on your skin, or over no more than one layer 

of light clothing. 

2) The correct place to measure your waist is halfway between your lowest rib 

and the top of your hipbone. This is roughly in line with your belly button. 

3) Breathe out normally and measure. 

4) Make sure the tape is snug, without squeezing the skin. 

5) risk is increased at ≥ 94 cm 

6) risk is high at ≥ 102 cm for men 

2.4.Methods 

Serum total testosterone was measured by Enzyme immune assay. (testosterone 

enzyme immunoassay test  KIT- A cobas  e 411 analyzer ) 

2.4.1.Reagents I 

Reagent rackpack (ready for use) 

MStreptavidin-coated microparticles. 

R1biotinylatedmonoclonal anti-Testosterone antibody . 

R2Testosterone-peptide ~ Ru. Testosterone derivative, labeled with ruthenium 

complex 

2.4.2.Reagents II  

Calibrators (lyophilisate)  

Cal 1Testosterone calibrator (lyophilized) for 1.0 ml 

Cal 2Testosterone calibrator (lyophilized) for 1.0 ml 

2.4.3.PreciControlUniversal (lyophilisate)  

PCU 1Testosterone control, (lyophilized) for each 1.0 ml 

PCU 2Testosterone control, (lyophilized) for each 1.0 ml 

2.5.Reagent handling 

Reagent rackpack (ready for use) 
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2.5.1.Calibrators: 

 Dissolve carefully by adding exactly 1.0 ml of distilled water, Mix carefully, 

avoid formation of foam. Reconstitute for 15 min. Transfer aliquots of the calibrators 

into empty labeled snap-cap bottles (CalSetVials). Attach the supplied labels.  

 Store immediately at -20°C.  

 

2.5.2.Controls:  

Dissolve carefully by adding exactly 1.0 mLof distilled water, Mix carefully, avoid 

formation of foam. Reconstitute for 15 min. Transfer aliquots of the controls into 

appropriate vials.  

 Store immediately at –20°C. 

2.5.3.Calibrators and Controls:  

Perform only onecalibration or control procedure per aliquot.  

 Stability at -20°C: 4 weeks (freeze only once). 

2.6.Test principle I 

     Competition principle  Total duration of assay: 18 minutes. 

2.6.1.1st Incubation (9 minutes): 

20 μL of the sample was incubated with  abiotinylated monoclonal 

testosteronespecific antibody and 2-bromoestradiol (to release testosterone), with the 

amount of antibody binding sites subsequently occupied depending on the 

concentration of testosterone in the sample. 

2.6.2. 2nd Incubation (9 minutes): 

Streptavidin-coated microparticles and a ruthenylated testosterone derivative 

were added to the reaction mixture and the complexes bound  to the solid phase via 

biotin-streptavidin bound to the solid phase via biotinstreptavidin 

 

 



41 
 

2.7. Measurement: 

Testosterone bound  to the solid phase via biotinstreptavidin and the microparticles 

were magnetically captured onto the surface of an electrode; unbound sample is 

washed away before a chemiluminescent reaction is induced by applying a voltage to 

the electrode. 

Chemiluminescence was measured by a photomultiplier and the concentration of 

Testosterone within the sample was calculated using a calibration curve. 

 

4.7.1.Test principle II 

 

 
 

 

 

 

 

 

 

2.8. Statistical analysis: 

The data were analyzed using the statistical package for the social sciences 

(SPSSversion 17). Descriptive characteristics of the study participants were 

calculated as mean ± standard deviation (SD). Analysis of variance (T-TEST) was 

used to determine differences in subject characteristics , Pearson’s correlation 

coefficient determination was done to evaluate the degree of association between 

Testosterone and Parameters in each group. P value  < 0.05 was considered as 

statistically significant. 
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3.0. Result: 

This study amid the effect of hypolipidemic drugs such statins family on the 

tsetosteron level in males with type 2 diabetes and hypertension There is a high 

prevalence of hypogonadism in men with type 2 diabetes which will lead to an 

increase in assessments of hypogonadism. Statins could potentially decrease 

testosterone levels by reducing the availability of cholesterol for androgen synthesis. 

 

3.1. Controls & Patients with high cholesterol on statin therapy  

The serum testosterone level was comparatively lower in patients with hig 

cholesterol under statin therapy compared to the controls (p<0.05). 

There was a significant  in the serum testosterone  level between patients with high 

cholesterol under statin therapy and controls   (p= 0. 046) .  

There was no relation  between the serum testosterone level with the age, weight 

and waist circumference. 

These results showed that the serum testosterone  level  decreased  with patients 

under statin therapy. 

 

3.2. The Serum testosterone levels in normal control and Type 2 

Diabetes Mellitus patients  without statin therapy: 

The serum testosterone level was comparatively lower in Type 2 Diabetes Mellitus 

patients  without statin therapy compared to the controls (p<0.05). 

There was a significant  in the serum testosterone  level between Type 2 Diabetes 

Mellitus patients  without statin therapy and controls   (p= 0. 017) .  

There was no relation  between the serum testosterone level with the age, weight 

and waist circumference . 

These results showed the type 2 Diabetic  plays a role in level of the serum 

testosterone  . 
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3.3. The Serum testosterone levels in normal control and Type 2 

Diabetes Mellitus patients  use statin therapy for less than one year 

The serum testosterone level was comparatively lower in Type 2 Diabetes Mellitus 

patients under statin therapy compared to the controls (p<0.05). 

There was a significant difference  in the serum testosterone  level between Type 2 

Diabetes Mellitus patients under statin therapy and controls   (p= 0. 00) .  

There was no relation  between the serum testosterone level with the age, weight 

and waist circumference . 

From these  resultsappeared  that the serum testosterone  level  decreased  with 

type 2 Diabetes patients under statin therapy for less than one year. 

 

3.4. The Serum testosterone levels in normal control and Type 2 

Diabetes Mellitus patients  use statin therapy for more than one year 

The serum testosterone level was comparatively lower in type 2 Diabetes Mellitus 

patients under statin therapy compared to the controls (p<0.05). 

There was a significant difference  in the serum testosterone  level between Type 2 

Diabetes Mellitus patients under statin therapy and controls   (p= 0. 00) .  

There was no relation  between the serum testosterone level with the age, weight 

and waist circumference . 

Our studies clerly showed  that the serum testosterone level  decreased  with Type 

2 Diabetes patients under statin therapy for more than one year. 
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3.5. The Serum testosterone levels in normal control and Type 2 

Diabetes Mellitus , The Hypertension patients without statin 

therapy   

The serum testosterone level was comparatively lower in type 2 Diabetes Mellitus, 

the Hypertension patients without statin  therapy compared to the controls (p<0.05). 

There was a significant  in the serum testosterone  level between Type 2 Diabetes 

Mellitus, the Hypertension patients without statin  and controls   (p= 0. 043) .  

There was no relation  between the serum testosterone level with the age, weight and 

waist circumference . 

Our results showed that the type 2 Diabetic  and The Hypertension play a role in 

the level of the serum testosterone. 

 

3.6. The Serum testosterone levels in normal control and Type 2 

Diabetes Mellitus , The Hypertension patients using  statin therapy  

less than one year   

The serum testosterone level was comparatively lower in Type 2 Diabetes Mellitus 

, the Hypertension patients under statin  therapy compared to the controls (p<0.05). 

there was a significant  in the serum testosterone  level between type 2 Diabetes 

Mellitus, the Hypertension patients undert statin therapy and controls   (p= 0. 01) .  

There was no relation  between the serum testosterone level with the age, weight 

and waist circumference . 

We found  that the serum testosterone level  decreased  with type 2 Diabetes 

Mellitus, the Hypertension patients under statin therapy for less than one  year. 
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3.7. The Serum testosterone levels in normal control and Type 2 

Diabetes Mellitus , The Hypertension patients using  statin therapy  

more  than one year   

The serum testosterone level was comparatively lower in type 2 Diabetes Mellitus 

, the Hypertension patients under statin  therapy compared to the controls (p<0.05). 

There was a significant difference in the serum testosterone  level between type 2 

Diabetes Mellitus , the Hypertension patients under statin  and controls   (p= 0. 00) 

There was no Relation  between the serum testosterone level with the age, weight 

and waist circumference . 

Our results showed  that the serum testosterone level  decreased  with type 2 

Diabetes Mellitus, the Hypertension patients under statin therapy for more than one 

year. 
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Table 3.1. Controls & Patients with high cholesterol on statin therapy 

Parameter 
Control 

N=30 

patients on statin 

N=30 
P value 

Testosterone 

(ng/ml) 
5.1±1.1 4.5±0.7 0.046 

Age 

(yr) 
46.7±8.2 45.4±7.2 0.596 

Weight 

(Kg) 
85.5±12.9 84.2±9.4 0.708 

Waist circumference 

(Cm) 
99.7±18.9 99.5±13.5 0.970 

  

Table 3.2. The Serum testosterone levels in normal control and Type 2 Diabetes 

Mellitus patients  without statin therapy  

Parameter 
Control 

N=30 

T2DM patient without statin 

N=30 
P value  

Testosterone 

(ng/ml) 
5.1±1.1 4.4±1 .017 

Age  

(yr) 
45.5±8.2 44.4±4.9 0.611 

Weight 

(Kg) 
87.3±17.7 84.1±12.9 0.531 

Waist circumference 

(cm) 
99.5±18.9 96.4±18.2 0.596 
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Table3.3.The Serum testosterone levels in normal control and Type 2 Diabetes 

Mellitus patients  use statin therapy  for less than one year 

Parameter 
Control 

N=30 

T2DM patient with statin <1yr 

N=30 
P value 

Testosterone 

(ng/ml) 
5.1±1.1 3.8±0.5 0.00 

Age 

(yr) 
45.5±8.1 44.9±2.5 0.776 

Weight 

(Kg) 
91±16 84.2±12.9 0.141 

Waist 

circumference 

(Cm) 

99.5±18.9 97.5±11.9 0.725 

 

 

 

Table.3.4. The Serum testosterone levels in normal control and  

Type 2 Diabetes Mellitus patients  use statin for more than one year 

Parameterr 
Control 

N=30 

T2 DM patient with statin >1yr 

N=30 
P value 

Testosterone 

(ng/ml) 
5.1±1.1 3.1±1.3 0.00 

Age 

(yr) 
46.4±8.2 45.4±31 0.612 

Weight 

(Kg) 
84.2±12.9 83.4±4.9 0.798 

Waist circumference 

(Cm) 
99.5±18.9 97.3±16.7 0.699 
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Table.3.5. The Serum testosterone levels in normal control and 

 Type 2 Diabetes Mellitus , The Hypertension patients without statin therapy  

Parameter 
Control 

N=30 

T2DM & HTN  patient 

 without statin N=30 
P value 

Testosterone 

(ng/ml) 
5.1±1.1 4.8±0.9 0.043 

Age 

(yr) 
45.4±8.2 44.6±4.5 0.686. 

Weight 

(Kg) 
84.1±12.9 79.4±10.4 0.205 

Waist circumference 

(Cm) 
99.5±18.9 97.2±18.3 0.701 

 

Table.3.6. The Serum testosterone levels in normal control and 

Type 2 Diabetes Mellitus,the Hypertension patients using  statin therapy  less than one year 

Parameter 
Control 

N=30 

T2DM & HTN patient  

with statin <1yr  N=30 
P value 

Testosterone 

(ng/ml) 
5.1±1.1 4.2±0.5 0.01 

Age 

(yr) 
45.+±8.2 44.3±3.7 0.554 

Weight 

(Kg) 
92.5±18.7 84.2±12.9 0.107 

Waist circumference 

(Cm) 
99.5±18.9 96.6±20.1 0.812 
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Table.3.7. The Serum testosterone levels in normal control and  

Type 2 Diabetes Mellitus,The Hypertension patients using statin therapy  more than 

one year 

 

Parameter 

Control 

N=30 

T2DM & HTN patient with 

statin >1yr  N=30 
P value 

Testosterone 

(ng/ml) 
5.1±1.1 3.4±1.3 0.00 

Age 

(yr) 
45.9±8.2 45.5±3.8 0.825 

Weight 

(Kg) 
87.4±12.9 984.2±12. 0.452 

Waist circumference 

(Cm) 
99.5±19 96.7±19.9 0.726 
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Figure.3.1. Controls & Patients with high cholesterol on statin therapy 

 

 

 

 

 

 

 
Figure.3.2. The Serum testosterone levels in normal control and Type 2 Diabetes 

Mellitus patients  without statin therapy  
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Figure.3.3.The Serum testosterone levels in normal control and Type 2 Diabetes 

Mellitus patients  use statin therapy  for less than one year 

 
 

Figure.3.4. The Serum testosterone levels in normal control and Type 2 Diabetes 

Mellitus patients  use statin therapy  for more than one year 
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Figure.3.5. The Serum testosterone levels in normal control and Type 2 Diabetes 

Mellitus , The Hypertension patients without statin therapy  

 

 

Figure.3.6. The Serum testosterone levels in normal control and Type 2 Diabetes 

Mellitus,the Hypertension patients using  statin therapy   less than oneyear 
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Figure.3.8.The levels of testosterone in the different groups (ng/ml) 

 

 

 

 

 

 

 
 

0

20

40

60

80

100

TestosteroneAgeWeightWaist circumference

5.1 

45.9 

87.4 

99.5 

3.4 

45.5 

84.2 

96.7 

Control N=30 HTN & DM patient with statin >1yr N=30



55 
 

3.8.Relationship between  Serum Testosterone levels and Parameters in all gruops 

Pearson’s correlation analysis of Age weight waist circumference withe  testosterone. 

 

3.8.1.Parameters in Control (group I)  showed that: 

Age was negatively correlated with testosterone (r= -0.553 , p < 0.05), and Weight 

(r= -0.590, p < 0.01**). 

Positive correlated between waist circumference (r= 0.11, p >0.05 ) with 

testosterone.( Table 3.8) 

 

3.8.2.Parameters in Patients on Statin Therapy (group II)  showed that: 

 Age was negatively  correlated with testosterone (r= -0.488 , p < 0.05), and Weight 

(r= -0.093,  p >0.05 ). 

Positive correlated between Waist circumference (r= 0.412 , p >0.05) with 

testosterone.( Table 3.9) 

 

3.8.3.Parameters in T2DM patients without statin  (group III)  showed that: 

 Age was negatively correlated with testosterone (r= -0.490, p < 0.05), and Waist 

circumference (r= -0.461
*
, p <0.05) . 

Positive correlated between Weight (r= 0.263, p >0.05),with testosterone.( Table 

3.10) 

 

3.8.4.Parameters in T2DM patient with statin <1yr (group IV )  showed that: 

 Age was negatively correlated with testosterone (r=-0.459, p < 0.05
*
), and Waist 

circumference (r= -0.004 , p >0.05) . 

Positive correlated between   Weight (r= 0.412, p >0.05), with testosterone. ( Table 

3.11) 

 

3.8.5.Parameters in T2 DM patient with statin >1yr  (groupV) showed that: 

 Age was negatively correlated with testosterone (r=-0.641 , p < 0.05
*
), and Weight 

(r= -0.273, p >0.05
*
). 
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Positive correlated between Waist circumference (r= 0.333, p >0.05
*
), with 

testosterone. ( Table.3.12) 

 

3.8.6.Parameters in T2DM & HTN patient without statin  (group VI )  showed that:  

Age was negatively correlated with testosterone (r=-0.745 , p < 0.05
*
), and Weight 

(r= -0.529, p< 0.05) , Waist circumference (r= -0.151, p >0.05), with testosterone.      

( Table 3.13) 

 

3.8.7.Parameters in T2DM & HTN patient with statin <1yr  (group VII )  showed 

that: 

 Age was negatively correlated with testosterone (r=-0.775 , p < 0.01
**

), and Weight 

(r= -0.383, p > 0.05). 

Positive correlated between Waist circumference (r= 0.163, p >0.05), with 

testosterone. ( Table 3.14.) 

 

3.8.8.Parameters in T2DM & HTN patient with statin > 1yr  (group VIII )  showed 

that: 

 Age was negatively correlated with testosterone (r= -0.544, p < 0.05). 

Positive correlated between   Weight (r= 0.291, p >0.05), Waist circumference (r= 

0.124 , p >0.05 ) with testosterone.( Table 3.15.) 
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 Table.3.8. Correlations Control  

 

Parameters Pearson Correlation P value 

Age -0.553 0.012* 

Weight -0.590 0.006** 

Waist 

circumference 
0.110 0.644 

*. Correlation is significant at the 0.05 level. 

**. Correlation is significant at the 0.01 level. 

 

 

Table.3.9.Correlations Patients on Statin Therapy 

Parametres Pearson Correlation P value 

Age -0.488 0.029 

Weight -0.093 0.696 

Waist 

circumference 

 
0.412 0.071 

*. Correlation is significant at the 0.05 level 

 

 

 

 

 

 

Table.3.10. Correlations  T2DM patients without 

statin. 

Parametres Pearson Correlation P value 

Age -0.490 0.028 

Weight 0.263 0.357 

Waist 

circumferenc

e 

 

-0.461
*
 0.041 

*. Correlation is significant at the 0.05 level. 
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Table.3.12. Correlations T2 DM patient with statin 

>1yr 

Parametres Pearson Correlation P value 

Age -0.641 0.002
**

 

Weight -0.273 0.245 

Waist 

circumference 

 
0.333 0.152 

**. Correlation is significant at the 0.01 level . 

*. Correlation is significant at the 0.05 level . 

 

 

Table.3.13. Correlations T2DM & HTN patient without 

statin   

Parametres Pearson Correlation P value 

Age -0.745 0.00
**

 

Weight -0.529 0.017 

Waist 

circumference 

 
-0.151 0.526 

**. Correlation is significant at the 0.01 level . 

*. Correlation is significant at the 0.05 level . 

 

Table.3.11. Correlations  T2DM patient with statin 

<1yr 

Parametre

s 
Pearson Correlation P value 

Age -0.459 0.022 

Weight 0.412 0.071 

Waist 

circumfere

nce 

 

-0.004 0.986 

*. Correlation is significant at the 0.05 level . 
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Table.3.14. Correlations T2DM & HTN patient with 

statin <1yr .  

Parametres Pearson Correlation P value 

Age -0.775 0.00
**

 

Weight -0.383 0.095 

Waist 

circumference 

 
0.163 0.492 

**. Correlation is significant at the 0.01 level . 

 

 

Table.3.15. Correlations T2DM & HTN patient with 

statin > 1yr   

Parametres Pearson Correlation P value 

Age -0.544 0.013
*
 

Weight 0.291 0.214 

Waist 

circumference 

 
0.124 0.601 

*. Correlation is significant at the 0.05 level . 
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In the present study, Statin therapy in short had resulted in lowering serum 

testosterone levels in patients treated for hypercholesterolemia, in diabetics, diabetics 

treated with statin for one year or more than one year, hypertensives on statin therapy 

and  hypertensives with diabetes. In general serum testosterone levels are lowered in 

diabetes as well as in cases without diabetes on statin therapy. Reductions in serum 

testosterone levels were more prominent in patients with diabetics  and without 

hypertension on statin therapy. Patients with hypertension and hypertensive diabetics 

did not show marked reduction in serum testosterone levels though the effect is 

significant in diabetic hypertensives treated with statin for more than one year.  

Diabetes mellitus is considered as a Congestive heart diseasr (CHD) equivalent 

and  both CARE trial and Heart Protection Study found significant improvement in 

outcomes with statin therapy even at LDL-cholesterol values below 100 mg/dL (2.6 

mmol/l). The CARDS study found similar benefits of statin therapy in patients with 

an LDL-cholesterol above and below 120 mg/dL (3.1 mmol/L). Thus the ATP-III 

goal of  LDL-cholesterol for diabetics Patients similar to that in patients with CHD: 

less than 100 mg/dL (2.6 mmol/l), and perhaps more aggressive target LDL-

cholesterol goals of 75 to 80 mg/dL (1.9 to 2.1 mmol/l) may be appropriate in high 

risk groups . Cardiologists declare that “cholesterol-containing lipoproteins are 

central to the pathogenesis of atherosclerosis (ACC/AH guidelines,2013). Statins, 

first approved for clinical use in 1987, are very effective in lowering cholesterol. 

High intensity statin therapy, rosuvastatin 20mg/day and atorvastatin (Lipitor) 40-80 

mg, reduces LDL-C by 50 percent or greater. Moderate intensity therapy, rosuvastatin 

10 mg, atorvastatin 10 mg, simvastatin (Zocor) 20-40 mg, and pravastatin (Pravachol) 

40 mg/day, achieves a 30 to 50 percent reduction of LDL-C (Miedema , Lopez , 

Blaha ,2015). 

Hypogonadism in men is a clinical syndrome that results from failure of testes to 

produce physiological levels of testosterone (androgen deficiency) and in some 

instances normal number of spermatozoa (infertility) due to disruption of one (or) 
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more levels of the hypothalamic pituitary testicular axis (TUE Physicians Guidelines 

,2015). 

Risk factors for male hypogonadism include diabetes, hypertension, heart disease, 

psychological stress, inflammatory illness, chronic obstructive pulmonary disease 

(COPD), chronic pain with Opioid use and obesity (Sarkar, 2009).    

Testosterone is the principal sex hormone in men.  It is important not only for 

normal sexual function but also for maintaining bone and muscle strength, mental and 

physical energy and for the overall well being.  Low testosterone is associated with 

diminished libido, erectile dysfunction, increased fat mass, decreased muscle, bone 

mass and energy, depression and anemia  (Paresh et al.2009 ).  

Mild low testosterone was defined as a total testosterone level of <3.5ng/ml, and 

very low testosterone was defined as < 2.3ng/ml.( Standowrth et al.2009)  

Statin like simvastatin, pravastatin, and lovastatin and atorvastatin are 

recommended to treat hyperlipidemia in military personnel. The use of statins and its 

probable side effect is reported to be lowered testosterone level along with myositis 

(Official Air Force Approved Aircrew Medications. Effective: 19 May, 2011). 

4.1.Prevalence of Hypogonadism in diabetes 

The prevalence of both hypogonadism and type 2 diabetes mellitus increases with 

age , Male hypogonadism is strongly associated with metabolic syndrome and may be 

a risk factor for the development of type2 diabetes and coronary artery disease 

(CAD).  In the last decades concepts have developed on whether male hypogonadism 

and testosterone deficiency can lead to the development of insulin resistance and 

subsequent type 2 diabetes. 

4.2.Hypogonadism is mostly hypothalamic in origin. 

Hypogonadism / Androgen deficiency may be primary, due to a problem with 

testes (or) secondary, due to problem with hypothalamic pituitary-gonadal axis (or) 

combined both primary and secondary (TUE Physicians Guidelines,2015) .   
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Hypogonadism results from testicular failure, or is due to the disruption of one or 

several levels of the hypothalamic-pituitary-gonadal axis (Figure 6.3 ). 

Male hypogonadism can be classified in accordance with disturbances at the level of: 

• testes (primary hypogonadism); 

• hypothalamus and pituitary (secondary hypogonadism); 

• hypothalamus/pituitary and gonads (hypogonadism in adult men); 

• androgen target organs (androgen insensitivity/resistance). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Hypothalamus –Pituitary-Testicular Axis, for Feedback regulation of 

secretion of Testosterone  
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4.3.Statin use and hypogonadism 

The prevalence of hypogonadism among male veterans has been found to be as 

high as 38.7%. (Haffner et al.1993). In one study low testosterone was associated 

with increased mortality in male veterans (Haffner et al.1996). the percentage of 

patients was very high whoever on statins (Cermark et al. 1993). Thus, the evidence 

suggests that the use of statin is a significant contributor to decreased serum 

testosterone levels (Torzewski et al. 2000; Verma et al.2002;  Mulligan et 

al;2006;Muhamad et al.2012). 

Statin users are older and have a higher prevalence of DM, CAD and hypertension 

(HTN) than non-users.  Statin use persists as a significant factor when controlling for 

BMI, DM, CAD, HTN, age, dyslipidemia and Opioid use.  Thus in patients with 

obese and DM high dose statin use may exacerbate the disorder of  severe 

hypogonadism ( Dhindsa et al.2007) .   

Statin therapy in0duce overt primary hypogonadism which should be considered 

for the evaluation of low testosterone levels in patients with ED (Torzewski et al. 

2000; Verma et al.2002; Mulligan et al;2006;Muhamad0 et al.2012 ).  Effects of lipid 

lowering treatment on steroid synthesis in patients with type 2 diabetes,shch as 80 mg 

of atorvastatin decreased gonadal steroids (Tomar et al.2006). On  the contrary 

another stu0dy showed high dose of atorvastatin seemed to be safe in terms of 

gonadal steroidogenesis.                

The first study to report on the high prevalence of hypogonadism in type 2 

diabetes mellitus based on free testosterone was published in 2004 ( In contrast, 

hypogonadotropic hypogonadism does not occur in men with type 1 diabetes 

mellitus.(Tan and Pu,2008). 

Age related fall in total testosterone with increase in SHBG and decrease in bio 

available free testosterone wear observed even if BMI does not exceed 26kg/m2 

(Gray et al.1990).( Feldman, et al 2002). observed a decline of total testosterone by 
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0.8% per year of age, whereas as both free and albumin bound testosterone declined 

at about 2% per year. SHBG levels increased at 1.6% per year.  

Tenover et al (1987) observed the fact that the major age related changes in 

testosterone levels are changes at testicular function and not due to hypothalamic 

pituitary axis pathway, which is not altered with age.  They noted that treatment of 

aging men with clomiphene citrate, an anti-estrogen agent, could not increase the 

level of bio available testosterone as was seen in younger men even though LH pulse 

characteristics and bio available LH levels were similar in the two groups.  

The mechanisms underlying hypogonadotropic hypogonadism in men with type 2 

diabetes are not clear.  It has been suggested that an excessive increase in fat mass 

may result in an increase in the  activity of aromatase enzyme, which causes greater 

conversion of testosterone into oestrogen (the primary female sex hormone).  An 

increase in oestrogen levels would lead to suppression of gonadotropin releasing 

hormone and impaired secretion of gonadotropin by the pituitary gland.  This results 

in the reduction of both testosterone secretion and mature sperm production ( Paresh 

et al 2009). 

    4.4. Diabetes and Hypertension: 

High blood pressure is a very common disease in hypercholesterolemic and 

diabetic patients and contributes to the increase in cardiovascular risk. Inhibitors of 3-

hdrox-3methyl-glutaryl-coenzyme A reductase (HMGCoAreductase) are the most 

effective and widely used cholesterol-lowering drugs. They significantly reduce the 

risk of cardiovascular events and death in both primary and secondary prevention of 

cardiovascular disease. Although the long-term benefit by statin treatment is largely 

attributed to their cholesterol-lowering action, increasing attention focuses on 

additional actions called "pleitropic effects" that might explain the cardiovascular 

protection seen shortly after the initiation of therapy. Very few and small studies have 

investigated the antihypertensive effect of statins in patients with hypertension 

associated with hypercholesterolemia, and the results of recently published large 

statin studies have attracted the interest on this subject. Many other studies, also not 
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specifically aimed at the evaluation of the statins (diabetes care volume32,number 4 

april2009). 

Antihypertensive effect, have provided information concerning changes in blood 

pressure during treatment with statins, but severe limitations such as inadequate study 

design, small or very small sample size, too short treatment period, and modification 

of concomitant antihypertensive therapy have prevented finding a definitive effect on 

blood pressure. From the available results, it appears consistent that statins may be 

useful in the reatment of hypertensives with high serum total cholesterol, in those 

whose hypertension is not well controlled with antihypertensive agents even without 

high serum total cholesterol, in hypertensive subjects well controlled with 

antihypertensives without high serum cholesterol. Future research could further 

characterize the impact of statin use alone or in combination with antihypertensive 

agents to delay the development of Stage 1 hypertension in prehypertension. 
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Appendix 

(Questionnaire) 

 

 
Patient Name: ....................................                   Patient number :     

 

 

Age:                                  Weight:                                  . Gender: male   

 

 

Do you have diabetic :          yes                                                    No               

 

Type1DM                       or          Type2 DM                                

 

  

Are you fasting  :                      yes                     No               

 

 

 

Do you have  Hypertension :   yes                     No 

 

Do you have  Other diseases: 

......................................................................................................................

......................................................................................................................

.............................. 

......................................................................................................................

............... 

 

Do you take Statins :                yes                    No               

   

 

Do you take Other drugs: 

........................................................................................ 

......................................................................................................................

............... 
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 الملخص العربي
 

أجريتتتذ  تتترا ة لتةيتتتا   تنتتتند ةءتتتر اتتتتعلى ملةو ة رتتت عانس ستتتتن فرتتت     رفتتت   ة  ر رتتت نرل   تتت  

 2كتتتلةو ة رتتت ر  ة تتتت   فءتتتعكنس لة رجتتتعى   2ة تتتلن ستتتتل ة رجتتتعى ة اءتتتعكنس كتتتلةو ة رتتت ر  ة تتتت   

 فع ةتافع  ضغط ة لن     نبنع.

   رتتتتت رلى كافتتتتترما أل ي صتتتتتت ة رتتتتت عانس  ارضتتتتتن ة رتتتتت ر  كلتتتتتل  ة  تتتتتل فتتتتتس ةتافتتتتتع  ة 

كعلاشتتت رةع فتتتع ة  تتتتعدنر ة ا تتتعمي  اتتترب ة رتتت ر  فاتتتع يرتتتب  ة  فتتتعب  تتت  فرتتت     رفتتت   

 ة  ر ر نرل     ة لن.

 تتت   تتترا ة لتةيتتتا ااتتتذ فتعت تتتا فرتتت     رفتتت   ة  ر رتتت نرل  فتتتع كتتتنس ف ا ستتتا ة شتتت ع  

 فع كل فس ة ا ا سعت ة  ع نا: ة  نر فءعكنس 

     ي رلى    ة لن )ا ذ ة  لاج(.فرضن  ليلد ةتافع     فر    ة  -1

 .2فرضن ة ر ر  ة ت    -2

 )فع ة ا ع  ا ك تعت ة ر عانس(. 2فرضن ة ر ر  ة ت    -3

 لفءعكنس كعتافع     ضغط ة لن. 2فرضن ة ر ر  ة ت    -4

لفءتتتعكنس كعتافتتتع   تتتت  ضتتتغط ة تتتلن )فتتتتع ة ا ع  تتتا ك تتتتتعت  2فرضتتتن ة رتتت ر  ة تتتتت    -5

 ة ر عانس(.

ي تتتع     كع رتتت عانس م تتتن ف اتتت س نس ة ل تتتن  تارضتتتن ة تتتريس  كتتتر م اتتتد اترتتتند ة ارضتتتن ة تتتريس

 اتعل  ة ة  لاج  الي اتل سس يتا لة ثع نا  تارضن ة ريس اتعل  ة ة  لاج  الي ازيل سس ة رتا.

سنتتتتتا  30ف ا ستتتتعت ك ةدتتتتع  8سنتتتتتا لاتتتتد اترتتتتنالع م تتتتن  240لاجتتتترةو ة لتةيتتتتا اتتتتد ا انتتتتع 

  تا ا سا ة  ةحلي لذ م ل ق ة  ءتنت ة  ع  :

 ةلاش ع  ةلاص عو. (1

 فرضن  ليلد ةتافع     فر    ة     ي رلى    ة لن. (2

 .2فرضن مةو ة ر ر  ة ت    (3

 اتعل  ة ة  لاج  ف ري زفتنا اتل سس يتا. 2فرضن مةو ة ر ر  ة ت    (4

 اتعل  ة ة  لاج  ف ري زفتنا ازيل سس يتا. 2فرضن مةو ة ر ر  ة ت    (5



   

 كعتافع     ضغط ة لن. لفءعكنس 2فرضن فءعكنس كلةو ة ر ر  ة ت    (6

لفءتتعكنس كعتافتتع   تت  ضتتغط ة تتلن لاتتتعل  ة  2فرضتتن فءتتعكنس كتتلةو ة رتت ر  ة تتت    (7

 ة  لاج  ف ري زفتنا اتل سس يتا.

لفءتتعكنس كعتافتتع   تت  ضتتغط ة تتلن لاتتتعل  ة  2فرضتتن فءتتعكنس كتتلةو ة رتت ر  ة تتت    (8

 ة  لاج  ف ري زفتنا ازيل سس يتا.

ابتتنس  ة  نتتتعت ةلاشتت ع  ةلاصتت عو تتتعت لك تتل ة اتعت تتا فتتع ك تتل مجتترةو ة   ع نتتل ةلاحءتتع نا  ت ن

 : ةلاان

كتتتع   تتتتعع ة  فتتتعب كبنتتتر  تتت  فرتتت  يعت  رفتتت   ار  يتتت نرل  ة اءتتتل  تتت  ة ارضتتتن ة تتتريس 

 ةي  لةف ة   رة ة للةو.

  ف تتتذ فرتتت  يعت  رفتتت   ة  ر  يتتت نرل   تتت  ة تتتلن كعتتت ل فت تتت   فتعت تتتا فتتتع سنتتتتعت يتتتتناا أ 

فرتتت  يعت  رفتتت   ار  يتتت نرل  ستتتتل  فرضتتتن ة رتتت ر  ل كتتتع   تتتتعع ة  فتتتعب فت تتت    تتت  

 ل رة ة  فعب يزمةم  ستل ةي  اعى سلاج  ي عانس. 

ة  فتتتعب  فرتتت     رفتتت   ة  ر  يتتت نرل   تتت  ة تتتلن  ستتتتن  لجتتت م ةتافتتتع  ضتتتغط ة تتتلن لا يتتت ءر

 . 2لكر م فرب ي ر ة ت   

 تتتن  ي رتتتب   2فرضتتتن ة رتتت ر  فتتتس ة تتتت   فتتتس دبتتتل ستتتلاج يتتت عانس  ستتتتل ةيتتت  لةف  ك تتتلاج  

 ة  فعب فت      ن فر  يعت  رف   ار  ي نرل .  

ة ارضتتتن ة تتتريس  ستتتتل  أكثتتتر لضتتت حع  كتتتع  ة  فتتتعب فرتتت     رفتتت   ة  ر  يتتت نرل   تتت  ة تتتلن 

ي تتتعلى يتت عانس ك تتلاج  كثتتر فتتس يتتتا فتعت تتا فتتع أل ستتم ة تتريس ي تتتعلى يتت عانس ك تتلاج  أدتتل فتتس 

 .يتا لةحلي

 

 


