
  
 

Debate 
 

This house believes that every obese 
male patient with Type 2 Diabetes 

should be screened for 
Hypogonadism 

 
For the Motion 

 
Hugh Jones 

 



Hypogonadism is a clinical 
syndrome which comprises both 

symptoms + signs and 
biochemical evidence of 
testosterone deficiency. 



ISA, ISSAM and EAU Guidelines 
for Late-onset Hypogonadism 

(2006) 

 

    ‘A clinical and biochemical syndrome associated 
with advancing age and characterized by typical 
symptoms and a deficiency in serum 
testosterone levels.  

    It may result in significant detriment in the 
quality of life and adversely affect the function 
of multiple organ systems.’ 

Nieschlag et al. Int J Androl; 28: 125 

 



Key Symptoms / Signs of 
Hypogonadism (LOH) 

• Low Libido 

• Erectile Dysfunction 

• Loss of morning/nocturnal erections 

• Decreased muscle mass and strength 

• Increased body fat 

• Decreased Vitality 

• Depressed Mood 

• Decreased BMD / Osteoporosis 

 



Symptoms & Signs Suggestive of 
Androgen Deficiency 

(Endocrine Society Guidelines 2006)  

 

 Libido and activity 

 Erectile Function (ED) 

 Spontaneous erections 

 Muscle bulk / strength 

 Height, BMD 

Hot flushes / sweats 

Loss body hair,  shaving 

Gynaecomastia 

Inability to father children 

 

 

 

 energy, motivation, 
aggression, initiative, self-
confidence 

 Concentration / memory 

Feeling sad or blue, depressed 
mood, dysthymia 

Sleep disturbance 

Mild anaemia 

 Body fat, BMI 

 Physical or work performance 

Bhasin S. Et al J. Clin Endocrinol Metab 2006;91:1995 



Prevalence of Erectile Dysfunction in Men 
with Type 2 Diabetes 
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European Association of Urology Guidelines on 

Erectile Dysfunction 

Wespes E. et al. Eur Urol 2006;49:806-15 







Testosterone and Erectile 
Function 





Prevalence of Hypogonadism (T < 12 nmol/L) in 1,027 

Diabetic and Non-Diabetic Patients with Erectile Dysfunction 

Corona G et al. Eur Urol 46(2): 222-228 (2004) 

34

22.3

All age

Normal fasting glucose Diabetes mellitus

p < 0.0001 



Risk Factors Associated with 
Erectile Dysfunction in men with 

Type 2 Diabetes 

Prevalence of 
ED in cases 

Prevalence of 
ED in controls 

     2   p 

                

Hypertension     91 (71%)      38 (55%)     4.74   0.03 

BMI >30     94 (69%)      35 (57%)     2.35   0.13 

Waist 
circumference 
>102cms 

   110 (69%)      19 (50%)     4.99   0.03 

Smokers     87 (70%)      42 (57%)     3.67   0.06 

Alcohol intake     106 (66%)      23 (62%)     0.18   0.67 

Kapoor et al, Int J Androl 2007 ; 30:500-7 



Correlation between Bioavailable Testosterone and 

Waist Circumference  
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Bioavailable testosterone (nmol/l) r= -0.21 p<0.001 

        

Kapoor D et al. Diabetes Care 30: 911–917 (2007) 



Association of Testosterone Levels with IIEF 
Scores in Men with Type 2 Diabetes 

Kapoor et al, Int J Androl 2007 ; 30:500-7 
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Penile Doppler Ultrasound 

in Eugonadal and 

Hypogonadal  

Type 2 Diabetic Men 

Basal peak systolic velocity 

Basal acceleration 

Dynamic peak systolic velocity after PGE1 

Corona G et al. Int J Impot Res 18: 190-197 (2006) 



Animal 
Experiments 

Testosterone Deficiency 

Results in Structural Changes 

in Erectile Tissue Components: 

• nerve fibers 

• smooth muscle content 

• connective tissue 

• adipogenesis 



Control Castrated 

Traish A  et al. J Androl 26(2): 88-94 (2005) 

Testosterone Deprivation Promotes Adipocyte 

Accumulation in the Penile Corpus Cavernosum 



Effect of Castration and Androgen Substitution on 

Trabecular Smooth Muscle and Connective Tissue Content 

in the Corpus cavernosum 

Traish A et al. Endocrinol 140(4): 1861-1868 (1999) 

Control Castrated + Vehicle 

Castrated + Testosterone 



Shen Z-J Asian J Androl 1: 33-36 (2003) 

Group A: 

Control rich, regularly arranged elastic 

fibers 

Group B: 

Castrated (4 weeks) elastic fibers 

replaced by collagenous fibers 

Effect of Androgen Deprivation on the 

Ultrastructure of the Tunica albuginea in Rats 



Effect of Testosterone on the 
Cavernosal Nerve Fibers in the Rat 

Model Control (sham-operated) Castrated Castrated + testosterone 

Traish A  et al. Eur Urol  52: 54-70 (2007) 



Different Testosterone Levels in Diabetic 

Responders and Non-Responders to PDE5 Inh. 

Kalinchenko S et al. Aging Male 6: 94-99 (2003) 

Mean ± SD  p value Mean ± SD  

PDE5i nonresponders 

n = 120 

PDE5i responders 

n = 100 

< 0.001 
Total testosterone 

(nmol/L) 
6.9 ± 1.3 18.6 ± 1.2 

(4.5 - 9.6) (14.3 - 29.1) 



Total Testosterone in men with 
Type 2 Diabetes 

SHBG nmol/l  32.48 + 1.06 ( 5.14-129) NR 15-100 
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TT < 8 nmol/l

TT < 12 nmol/l

Total T nmol/l 12.72 + 0.29 ( 2.9 – 39)  NR 8.3-41 

Kapoor D et al. Diabetes Care 30: 911–917 (2007) 

Ding L et al. JAMA 
295:1288-1299 

Meta-analysis  
20 studies 1982-2005 Barnsley Study 

n=355 



Bioavailable and Free Testosterone. 
Biologically active fractions in men 
 with Type 2 Diabetes 

20-40% bound 

 to albumin 
~0.5-2% free 

60-80% bound to SHBG 

Bioavailable Testosterone 

Biologically Inactive? 
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cFT < 0.255 nmol/l

Dhindsa S et al JCEM 89:5462-8 (2004) 
Kapoor D et al. Diabetes Care 30: 911–917 (2007) 

Free T  by 
Equilibrium 
Dialysis 



Causes of 
Hypogonadism 

Primary Hypogonadism                         

26% 

 

Secondary Hypogonadism                     

10% 

 

‘Normogonadotrophic’ 

Hypogonadism    64% 

   (‘Mixed’ or hypogonadotrophic 

Hypogonadism) 

 



Prevalence of Klinefelter’s Syndrome 

Diagnosis by Age 

Bojeson A. et al. JCEM 2008, 88; 622-6 





Montorsi P et al. Curr Opin Urol 14: 361-365 (2004) 

Common Grounds for Erectile Dysfunction and Coronary 
Artery Disease – Early and Late Steps of the Atherosclerotic 

Process 
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Association between Free Testosterone and Carotid 
Atherosclerosis in Men with Type 2 Diabetes (n=154) 

Fukui M et al. Diabetes Care 26(6): 1869-1873 (2003) 

PS: plaque score 
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Association of Modifiable 
Cardiovascular Risk Factors with 

Testosterone Deficiency 

• Visceral Obesity 

• Insulin Resistance/Diabetes 

• Dyslipidaemia 

• Hypertension 

• Coagulation 

• Inflammation 

 



OBESITY AND INSULIN 
RESISTANCE 



Visceral fat is an active endocrine organ 

Adipose 

tissue  

↑ IL-6 

↓ Adiponectin 

↑ Leptin 

↑ TNFα 

↑ Adipsin 

(Complement D) 

↑ Plasminogen 

activator inhibitor-1 

(PAI-1) 

↑ FFA 

↑ Insulin 

↑ Angiotensinogen 

↑ Lipoprotein lipase 

↑ Lactate 

Inflammation 

Type 

2 diabetes 

Hypertension 

Atherogenic 

dyslipidaemia 

Thrombosis 
Atherosclerosis 

Lyon CJ, et al. Endocrinology 2003; 144: 2195–2200. 

Trayhurn P, et al. Br J Nutr 2004; 92: 347–355. 

Eckel RH, et al. Lancet 2005; 365: 1415–1428. 

↑Resistin 



Effect of Rosiglitazone (8mg o.d) on testosterone 
Levels in men with Type 2 Diabetes 

Kapoor D, et al, Diabetes Vasc Dis Res 
2008; 5:135-137 



Hypogonadal – Obesity – Adipocytokine 
Hypothesis 

Jones TH Eur Urol 2007 6;847-857 



G 112 Kapoor D et al. Eur J Endocrinol 156: 595–602 (2007) 

Correlations between IL-6 and Total Testosterone  

and between IL-6 and Bioavailable Testosterone 
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G 113 Kapoor D et al. Eur J Endocrinol 156: 595–602 (2007) 

Correlations between C-reactive Protein (CRP) and  

Total Testosterone and between CRP and Bioavailable Testosterone 
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Effects of Androgens on Cytokines 



Effect of TRT on Serum Cytokine Levels in 
Men with Hypogonadism 

change in serum cytokines by treatment
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Malkin C et al, JCEM 2004;89:3313 
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G 141 Bhatia V et al. Diabetes Care 29: 2289-2294 (2006) 

Relationship between cFT and Hematocrit (r=0.46: P<0.0001) in 70 

Diabetic Patients. There was also a significant relationship between 

total testosterone and hematocrit (r=0.36; P=0.002) 





Testosterone and Death 



Copyright ©2007 American Heart Association 

Khaw, K.-T. et al. Circulation 2007;116:2694-2701 

Multivariate-adjusted survival by quartile group of endogenous testosterone 
concentrations (1 is lowest, 4 is highest) in 2314 men 42 to 78 years old in EPIC-Norfolk 

1993 to 2003 

Quartiles of Testosterone 

4 >19.6 nmol/l 

3 15.7 – 19.6 nmol/l 

2 12.5 – 15.6 nmol/l 

1   < 12.5nmol/l 



Mortality in Men with Proven Coronary Heart 
Disease 7 year follow up (n=930) 

 

 
 

Survival by bio-T status/all cause 
mortality (adjusted) 

Survival by total testosterone 
status/vascular mortality 

Survival time (days) Survival time 
(days) 
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Mortality in Men with Type 2 Diabetes 
Kaplan-Meier Survival Curves For Normal And Low 

Testosterone Groups (5 year follow up - Age 
adjusted, n=587) 

All-Cause Mortality Cardiovascular Mortality 



Evidence for Treatment 



Greenstein A et al. J Urol 173: 530-532 (2005) 

EF erectile function; IS intercourse satisfaction; OF orgasmic function; SD sexual desire; OS overall satisfaction  
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Testosterone Alone (Testosterone Gel 5g/d/3 mo) Significantly 

Improves Erectile Function and Sexual Desire in 31 of 49 

Hypogonadal (< 400 ng/dL, ~14 nmol/L) Patients with ED 



 

 

 

 

 

 

 

 

 

 

 

 

Hypogonadal symptoms – IIEF total score (LOCF) 

Mean change in IIEF from baseline by baseline score 



Other domains at 12 months:- 

Erectile Function                 p= 0.089          Intercourse satisfaction       p= 0.004 

Orgasmic Function             p= 0.176          Overall sexual satisfaction  p= 0.045  

Hypogonadal symptoms – IIEF sexual desire 

domain score (LOCF) 

Mean change in IIEF sexual desire domain score from baseline 
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Testosterone in Combination with a PDE5 Inhibitor 

Significantly Improves Erectile Function in the Remaining 

17 of 49 Hypogonadal Patients with Erectile Dysfunction 

Greenstein A et al. J Urol 173: 530-532 (2005) 



Cavernosography in a 56-year-old Hypogonadal Man  

(T 1.8 ng/mL) with Diabetes Type 2 and ED,  

Non-Responder to PDE5 Inh. and Alprostadil) 

Yassin A and Saad F Andrologia 38: 34-37 (2006) 



Cavernosography after 3 mo of Testosterone Therapy 

(Nebido®) 

Yassin A and Saad F Andrologia 38: 34-37 (2006) 



* MS defined according to International 

Diabetes Federation Criteria2 

Testosterone replacement In hypogonadal men with Metabolic 

Syndrome and type 2 diabetes – the TIMES2 study 

Design 

• A 12-month analysis of a randomized, 
double-blind, placebo-controlled study, 
carried out in eight European countries 

• Changes in diabetic and lipid-lowering 
drugs were prohibited during the first          
6 months unless absolutely necessary for 
clinical management 

Subjects 

• 220 Hypogonadal men (aged ≥40 years) 
diagnosed with either T2D1 and/or MS* 
were eligible for study entry if they had: 

– either a total serum testosterone <11nmol/L 
or calculated free serum testosterone 
<255pmol/L 

– at least two symptoms of hypogonadism with 
no testosterone replacement therapy within 
the previous 6 months 

References: 1. Reaven GM. Physiol Rev 1995; 75: 473–486. 2. IDF Press Briefing, 1st International Congress on “Prediabetes” and the 

Metabolic Syndrome, Berlin, Friday 15 April 2005, 0900 (CET). 

 



Patients stratified 

according to T2D/ 

MS disease status 

and randomized  

to receive 

Testosterone  

monitoring 

Tostran®, 2% 

testosterone gel 

60mg/day  

(3g gel) 

Placebo gel 

Dose adjustment 

(20mg–80mg) to 

maintain testosterone 

levels >17nmol/L 

Dummy dose 

adjustment 

Interventions 

 

• Changes in diabetes and lipid-lowering medications were prohibited  

for the first 6 months of the study (unless necessary for appropriate  

clinical management) 



 

 

 

 

 

 

 

 

 

 

• HOMA-IR significantly improved at 6 and 12 months with testosterone 

versus placebo in the total study population and in patients with T2D 

Insulin resistance – HOMA-IR (LOCF) (1) 

Total study population T2D (with or without MS) 
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P<0.05 P<0.01 P<0.05 P<0.01 



 

 

 

 

 

 

 

 

 

 

 

 
 

 

Percentage body fat (sub-analysis) 

MS subjects completing at least 6 months of the study 

Mean±SEM. P-value for change from baseline 

 

T2D subjects completing at least 6 months of the study 



 

 

 

 

 

 

 

 

 

 

 

Waist circumference (LOCF) 

MS (with or without T2D) T2D (with or without MS) 

P<0.05 



 

 

 

 

 

 

 

 

 

 

 

 

• In patients with T2D, mean HbA1c was significantly lower in the 

testosterone group than in the placebo group from month 6 onwards 

Glycaemic Control – HbA1c 

All T2D patients completing at least 6 months of the study (ITT) 

Mean±SEM. P-value for difference between treatment groups 

 

All T2D patients completing at least 6 months of the study as 

per protocol (no change in drugs that affect glycaemic control) 

Mean  difference 

HbA1c  -0.58% at 

 9 mo.  



Lipoprotein a (LOCF) 
 

 

 

 

 

 

 

 

 

 

 

 

Total Study Population 

Total population 

P<0.05 P<0.01 



Consequences of Androgen 

Deficiency 
• Poor Quality of Life 

• Loss of Livelihood 

• Marital Dysharmony 

• Osteopaenia / Osteoporosis 

• Debility 

• Increased risk of Metabolic syndrome and Type 2 Diabetes  

• Risk of Coronary Heart Disease? 

• Increased Mortality 

 







Case History  

• J.L. 56 yrs 

• Erectile dysfunction gradual onset over 2 
years.  No response to sildenafil. 

• No loss of libido or other symptoms of 
hypogonadism. 

• PMH   Hypertension,  Small CVA 

• O/E -  Normal 



Investigations 

• Testosterone     6.2, 8.1, 7.5nmol/l 

• LH                    21 IU/l 

• FSH                  37 IU/l 

 

 



Diagnosis/Management 

• Primary Hypogonadism – cause uncertain 

 

• Testogel 50mg 

• After 3/12 felt better, improved mood and 
energy 

• Libido excellent 

• No improvement in ED 

• Testosterone  44.7nmol/l 



• Add Tardenafil – Excellent response. 

 

• Repeat Testosterone levels at 6 and 12 
months:-  23.9,  25.2 nmol/l.  



CONCLUSIONS 

• Erectile dysfunction is a well recognised 
symptom of hypogonadism 

• High prevalence of hypogonadism in type 
2 diabetes 

• Nice Guidelines state that there should be  
yearly enquiry to the patient on ED 

• International guidelines recommend that 
testosterone be measured in diabetic men 
with ED  

 



Conclusions  

• Low Testosterone is associated with 
several CV risk factors and the degree of 
atherosclerosis 

• Low T is a marker for early death 

• TRT improves several modifiable CV risk 
factors including insulin resistance  

 



Therefore if you are using 
NICE guidelines by asking the 
ED question you are screening 
for hypogonadism in all Type 

2 diabetic men with and 
without obesity! 





‘Medicine is an art based on science’ 

Sir William Osler, 1892 



Testosterone deficiency – 
symptom thresholds 

Zitzmann et al. 

JCEM 2006; 91: 

4335–4337. 



SUGGESTED ALGORITHM 







Testosterone Levels in Diabetic Men 
with and without ED 

With ED Without  ED P 

Total Testosterone (nmol/l) 12.25 ± 0.5 13.14 ± 0.63 0.28 

SHBG (nmol/l) 32.26 ± 1.5 27.42 ± 1.8 0.047 

Bioavailable testosterone 
(nmol/l) 
  

3.83 ± 0.14 4.46 ± 0.17 0.006 

Calculated free testosterone 
(nmol/l) 

0.262 ± 0.01 0.303 ± 0.01 0.027 

Kapoor D et al., Int J Androl 2007  



Summary 

• Testosterone has several important roles 
in health and sex:- 

• Key player to give libido 

• Important in erectile process 

• Good cardiac function 

• Energy utilisation 

• Muscle strength 

• Mood 

 


