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Mutant klotho mice
• shorter life span

• infertility

• skin atrophy

• vascular calcification

• hypogonadism

• sarcopenia

• osteoporosis 

Chronic Kidney Disease – a Clinical Condition with Klotho 

Deficiency



Testosterone Deficiency is a Common Feature of  CKD

Yilmaz M I et al. CJASN 2011;6:1617-1625



Causes of  Low Testosterone Levels in CKD

Metabolism 1985

• Proteinuria (?)

• Co-morbidities
- Diabetes

- Heart disease

- Obesity

- Old age

- Rheumatoid flares

• Prolactin-induced inhibition of  gonadotropins

CJASN 2011

• Uremic bone disease (?)



Drugs Used by Nephrologist May Affect Testosterone Levels

NDT 2005

Diabetes Res 2016



Low Testosterone Predicts Poor Outcome in CKD

126 prevalent males on HD

All-cause death

Cardiovascular death

2009



Am J Kidney Dis. 63(2):268-275.

623 males



Potential Beneficial Effects of  Testosterone 

Supplementation on the Uremic Phenotype

• Life quality

• Sexual functions including libido

• Bone quality

• Muscle strength

• Depression

• Insulin resistance

• Inflammation

• Oxidative stress

• Vascular function

• Anemia and iron utilization 





Low Testosterone

- a Cause of  Osteoporosis in Males

Fink et al. J Clin Endocrinol Metab 2006

Effects of  testosterone on bone density reported as % change from basal in lumbar spine

Isidori et al. Clin Endocrinol 2005



Hypogonadism is Associated with

Vitamin-D Deficiency in Nonrenal Patients

Clin Endocrinol 2010
Tromsø, northern NorwayJCEM 2003



Potential Beneficial Effects of  Testosterone 

Supplementation on the Uremic Phenotype

• Life quality

• Sexual functions including libido

• Bone quality

• Muscle strength

• Depression

• Insulin resistance

• Inflammation

• Oxidative stress

• Vascular function

• Anemia and iron utilization 





• Endogenous testosterone levels are associated 

with hemoglobin levels in men with CKD.

• Testosterone deficiency contributes to reduced 

ESA responsiveness in male HD patients. 

Hypothesis

NDT  2012



Multivariate prediction of hemoglobin (per g/dL) concentration, adjusted r2: 0.35 

β (SE) P-value

Total testosterone (nmol/L) 0.42 (0.02) <0.001
Age (years) 0.07 (0.01) 0.2

BMI (kg/m2) −0.002 (0.04) 0.9

Diabetes mellitus (presence) −0.19 (0.29) <0.001

History of CVD −0.005 (0.11) 0.5

eGFR (mL/min/1.73 m2) 0.39 (0.01) 0.0004

s-Albumin (g/dL) −0.08 (0.35) 0.1

CRP (mg/L) −0.31 (0.02) 0.0003

PTH (pg/mL) −0.16 (0.01) 0.09

Testosterone vs. Hemoglobin in CKD 1-5 (I)

Odds Ratio 95% CI P value

Testosterone deficiency <10 nmol/L 5.30 2.23-12.56 <0.0001

Probability to be anemic  (Hb<13.0 g/dL) in ESA-naïve nondialyzed men with CKD

Adjusted for age, BMI, diabetes, CVD, eGFR, albumin, CRP, 

PTH 



General characteristics of  126 ESA-treated prevalent male HD patients stratified according to median 

weekly ESA dose normalized per kg of  body weight (IU/kg/week).

Data are expressed as medians (interquartile ranges) or percentages.

Testosterone vs. ESA Dose in HD-patients (II)



Testosterone vs. ESA Dose in HD-patients (III)

Model Prediction of ESA dose (U/kg/week) β (SE) r2 P-value

1 Total testosterone (in nmol/L) −0.28 (2.3) 0.05 0.007

2 1 + Age (in years) and SHBG (in nmol/L) −0.28 (2.5) 0.04 0.004

3 2 + Davies comorbidity score −0.27 (2.4) 0.06 0.006

4 3 + CRP (in mg/L) and albumin (in g/L) −0.26 (2.6) 0.06 0.02

5 4 + hypochromic RBCs (≤1.1 versus > 1.1%) −0.14 (2.9) 0.18 0.2

Odds Ratio 95% CI P value

Testosterone deficiency <10 nmol/L 2.68 1.17-6.14 0.001

Probability to poor ESA responsiveness in ESA treated hemodialysis men.

Adjusted for age, SHBG, co-morbidities, albumin, CRP
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Inhibition of  inflammation
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Is Inflammation a Cause of  Low Testosterone Levels in CKD?

Malkin et al. J Clin Endocrinol Metab. 2004;89:3313-8.

Testosterone decreased 

TNF and increased IL-10 

levels in hypogonadal

men with heart failureTestosterone nmol/L
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Rho= -0.42; P<0.0001

Rho= -0.38; P<0.0001

Carrero et al. J Am Soc Nephrol. 2009 Mar;20(3):613-620 



J Clin Endocrinol Metab. 2010 Oct;95(10):4743-7



Inhibition of  Hepcidin

Inhibition of  inflammation
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Osteocalcin binds to a 

specific receptor on 

the Leydig cells in the 

testicles which 

increase synthesis of

testosterone

. 

2011

To be reproductive as a man 

you need strong bones



DiaTest - Study Design DiaTest - Study Design 

Extra follow-up at 1.5 years

• Males > 18 yrs

• HD-patients (n = 60-80)

• ESA dose 50-300 IU/kg/w

• Testosterone (<12 nmol/l)

• PSA <4.5 ng/ml

Population

randomised (2:1)

Standard therapy
+ Testosterone undecanoate (9 months)   

Standard therapy + placebo (9 months) 

• Primary end point: Lower ESA dose requirements?

• Secondary end points: Improved muscle mass, better quality of  life, better libido, less 

inflammation, less insulin resistance, better bone quality, better vascular function?

Week 0 Week 16 Week 36

Inflammation markers, SF36, MDRAS, ADAM, oxidative stress 

biomarkers, D-vitamin, PSA, DEXA, pqCT, handgrip, SGA, pulse 

wave velocity, bioimpedance, hepcidin 

EudraCT-nr: 2011-005439-20



A man should never speak 

longer in  public than he can 

make love in private

What did he say?





“Art is I – Science is We”





Old age in mice 
is associated 
with lower 
testosterone 
and lower klotho 
expression

Biochem J. 2014 Aug 27. [Epub ahead of print]



Biochemical Journal Immediate Publication. Published on 27 Aug 2014 as manuscript BJ20140739

Testosterone up-
regulates anti-aging 
klotho together with 
androgen receptor 
expression in the 
kidney in vivo and in 
vitro by recruiting 
androgen receptor  
onto the androgen 
response elements of 
the klotho promoter.





• Depression

• Poor concentration

• Excessive tiredness

• Lack of  energy

• Reduced muscle mass 

and/or strength 

• Increased body fat

• Osteoporosis

• Anemia

• Reduced libido

• Erectile dysfunction

Testosterone is an Anabolic Hormone with Many 

Beneficial Effects on Men’s Health



Vitamin K Brist Vanligt hos Dialyspatienter

Normal range

>80 % deficiency!

188 CKD5D patients

Pat med Waran
Vitamin K

870 µg vitamin K2 per 100 gram 
natto.



Potential Mechanisms by Which Testosterone 

Therapy may Result in Erytrocytosis

• Suppression of  inflammation

• Alterations in iron sensing

• Hypoxia

• Stimulation of  erytropoiesis

• Direct suppression of  hepcidin transcription



111 male HD patients

Kyriazis et al. Nephrol Dial Transplant. 2011 Sep;26(9):2971-7.

Gungor et al. CJASN 2010

420 prevalent 

male HD patients



Side effects of ESA: 
• Hypertension
• Cramps
• Access ”clotting”
• Stroke. 
• Risk for malignacies



Nature Rev Nephrol 2014

Testosterone in polarized 
light





111 manliga HD patienter

Kyriazis et al. Nephrol Dial Transplant. 2011 Sep;26(9):2971-7.

Gungor et al. CJASN 2010

420 prevalenta 
manliga HD-patienter 
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Inhibition of inflammation
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Är Inflammation en Orsak till Låga Nivåer av 
Testosteron vid Kronisk Njursvikt?

Malkin et al. J Clin Endocrinol Metab. 2004;89:3313-8.

Testosteron minskar 
TNF och ökar IL-10 hos 
män med testosteron-
brist och hjärtsviktTestosterone nmol/L
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Carrero et al. J Am Soc Nephrol. 2009 Mar;20(3):613-620 



The Fountain of Youth – Can Nutritional and 
Pharmacological Interventions Extend Age?

Stenvinkel and Larsson. AJKD 2013



Tänkbara Gynnsamma Effekter av Testosteron 
hos Patienter med Kronisk Njursvikt

• Livskvalitet
• Sexualla funktioner (ökad lust)
• Kvalitet på benmassa
• Muskelstyrka
• Depression
• Insulinresistens
• Inflammation
• Oxidativ stress
• Vaskulära funktioner



0 10 20 30 40

0

1000

2000

3000

4000

Total testosterone, nmol/L

rho=-0.29, p=0.04, n=49



Testosteron vs. Hemoglobin vid CKD 1-5 (III)

)Model Prediction of ESA dose (U/kg/week) β (SE) r2 P-value

1 Total testosterone (in nmol/L) −0.28 (2.3) 0.05 0.007

2 1 + Age (in years) and SHBG (in nmol/L) −0.28 (2.5) 0.04 0.004

3 2 + Davies comorbidity score −0.27 (2.4) 0.06 0.006

4 3 + CRP (in mg/L) and albumin (in g/L) −0.26 (2.6) 0.06 0.02

5 4 + hypochromic RBCs (≤1.1 versus > 1.1%) −0.14 (2.9) 0.18 0.2

Odds Ratio 95% CI P value

Testosterone deficiency <10 nmol/L 2.68 1.17-6.14 0.001

Ca 2.5 gånger ökad risk för låg ESA känslighet hos män som behandlas med HD

Adjusted for age, SHBG, co-morbidities, albumin, CRP
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Methods: Cross-sectional study in……………...

…..239 nondialyzed CKD men 

(stages 1-5)

No statins, ACEI, ARBs or ESA 
as per inclusion criteria

….126 prevalent HD men

The median ESA equivalent 

dose was 10,000 (6,000–14, 

750) U/week.


