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Chronic Kidney Disease — a Clinical Condition with Klotho
Deficiency

Mutant klotho mice

* shorter life span

* infertility

* skin atrophy

e vascular calcification

* hypogonadism

. sarcopenia

® 0SteopOorosis

load FREE soft
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Testosterone increases renal anti-aging k/otho gene expression via the
androgen receptor-mediated pathway

Shih-Che Hsu>*, Shih-Ming Huang™*+¥, Shih-Hua Lin*}, Shuk-Man Kag, Ann Chenvl, Meng-Fu Shih** and Yu-Juei Hsu>*f’
*Graduate Institute of Medical Sciences, National Defense Medical Center, Taipei, Taiwan, R.O.C.

+Department of Biochemistry, National Defense Medical Center, Taipei, Taiwan, R.O.C.

FDivision of Nephrology, Department of Medicine, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan, R.O.C.

g§Graduate Institute of Aerospace and Undersea Medicine, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan, R.O.C.

qMDepartment of Pathology, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan, R.O.C.

**Department of Nephrology, Mackay Memorial Hospital, Taipei, Taiwan, R.O.C.




Counts

Testosterone Deficiency is a Common Feature of CKD

Prevalence and clinical implications of testosterone deficiency in men
with end-stage renal disease

", Abdul Rashid Qureshi’™”, Ayumu Nakashima', Stefan Arver’, Paolo Parini®,
Peter Bardny', Olof Heimbiirger' and Peter Stenvinkel®

Testosterone
insufficiency e
33% Bengt Lindholm’,
| |

60

20

Testosterone
deficiency
44 %

Normal
Testosterone
23%

| |
8 10 12 14 16 18

| |
2 22 24 26 28

Serum testosterone, nmol/L




Causes of L.ow Testosterone Levels in CKD

* Prolactin-induced inhibition of gonadotropins

* Co-morbidities
- Diabetes
- Heart disease
- Obesity
- Old age
- Rheumatoid flares

* Uremic bone disease (?)

* Proteinuria (?)

Prolactin Levels, Endothelial Dysfunction, and the
Risk of Cardiovascular Events and Mortality in
Patients with CKD

CJASN 2011
Jwan Mgyl Carren, =7 John Keriezsis, Al per Somrnes” Inarvris Tranaki " Abefol Rasahid Choresin, * Pt Steri
bl Saglaen, " Kostes Stpfisnow * Hadil Yamae "' Abcfoilab Ta '.J'rJ"l.Jr.-' Abrdigaiar Voaral ® Aahienor Sk, ™
Mefoyoar Yesicesar *' Fugene Dephois, ** and Mabrser Bher Fidmae™"

frraceed, *

Allan R. Glass, Judith Beach, and Robert A. Vigersky

Hypogonadotropic Hypogonadism in Nephrotic Rats: Increased
Sensitivity to Negative Feedback Effects of Testosterone

Metabolism 1985




Drugs Used by Nephrologist May Atfect Testosterone Levels

Renin—angiotensin blockade reduces serum free testosterome
in middle-aged men on haemodialysis and correlates with
eryvihropoietin resistance

NDT 2005

Miichoel Delong, Joy L. Lagan, Kim-Chong %W ong and Yeonpe-Tlau FI. Lien

Rosuvastatin decreases testosterone levels but not
sexual function in men with type 2 diabetes

Ching Jung Hsieh °~, Bin Huang " Diabetes Res 2016
B:g‘gg??yressure
Researc

Original Paper

Changes of Serum Total and Free
Testosterone Concentrations in Male
Chronic Hemodialysis Patients with
Secondary Hyperparathyroidism in
Response to Cinacalcet Treatment

Piotr Kuczera Marcin Adamczak Andrzej Wiecek




Low Testosterone Predicts Poor Outcome in CKD

Low Serum Testosterone Increases Mortality Risk
among Male Dialysis Patients

A 100
=
80 S— Juzn Jesds Carrero,* Abdul Rashid Qureshi,* Paclo Parini,” Stefan Arver,’ Bengt Lindhalm,*
= T——— L Peter Barany,* Olof Heimburger,* and Peter Stenvinkel*
= b |
= 60 — -
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B 100
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Q 40 — .
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Serum Testosterone Levels and Clinical Outcomes in
Male Hemodialysis Patients

Aminu K. Bello, MD, PhD," Peter Stenvinkel, MD, PhD,? Meng Lin, MSci,’

Brenda Hemmelgarn, MD, PhD,? Ravi Thadhani, MD, MPH,?

Scott Klarenbach, MD, MSci,” Christopher Chan, MD,® Deborah Zimmerman, MD,®

George Cembrowski, MD, PhD,” Giovanni Strippoli, MD, PhD,”

Juan-Jesus Carrero, PhD,? and Marcello Tonelli, MD, SAM?

Baseline Total Testosterone®

623 males
Normal (=346 ng/dL) Borderline (231-346 ng/dL) Low (<231 ng/dL) P for Trend

Age <63 y" <0.001

No. of patients 63 g2 166

No. of events 6 13 37

Adjusted HR (95% CI) 1.00 (reference) 2.67 (0.96-7.44) 293 (1.10-7.78)
Age =63 y° 0.1

No. of patients 40 85 177

No. of events 14 25 71

Adjusted HR (95% CI) 1.00 (reference) 0.97 (0.45-2.07) 1.03 (0.48-2.15)

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




Potential Beneficial Effects of Testosterone
Supplementation on the Uremic Phenotype

* Life quality

* Sexual functions including libido
* Bone quality <

* Muscle strength

* Depression

* Insulin resistance

e Inflammation

e Oxidative stress

* Vascular function

* Anemia and iron utilization
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Low Testosterone

a2 Cause of Osteoporosis in Males

(b) Mean difference (95% CI)

Snyder B et al. (1999)37 1-70 (1-42, 1-98)

Kenny et al. (2001)'" —0-16 (—4-56, 4-33)

Amory et al. (2004)=° —-— 8-90 (5-02, 12-78)

5-10 (0-17, 10-03)

Reid et al. (1996)'°

Crawford et al. (2003)%2 4-00 (1-12, 6-88)

Overall 3.72 (1-00, 6-44)

L | I L] | Li L4 L W
—12%% — 6% O 6% 12%

Lumbar Spine BMD
{G.r"fn cha nge from ba SE'iI"’IE‘} Isidorti et al. Clin Endocrinol 2005

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




Hypogonadism 1s Associated with
Vitamin-D Deticiency in Nonrenal Patients

VITAMIN D SYNTHESIS v
_ EFEPDRITADV

Association of vitamin D status with serum androgen levels in men
E. Weahr*, 5 Pilz®, B. 0. Boshmt, W. Mirz4 § and B. Obermayer-Fiatsch® Clin Endocrinol 2010

* Departrent of Internal Mediving, Dividon of Endeerinology and Nudleds Medicing, Medical Untversity Griaz, Graz, Anstria,
tEvepartrert of Beternal Medicrme, Davdon of Endocrmelogy amd Diabetes, Ul Unfversiy, Uim, 30epartment of Pubilic Health,
Soctal arid Prevenfive Medicne, Memmheon Medical Fecilty, Untversity of Hadelberg, Mannhetm and $§5milad Center of Laboratory
Eagrodtics, Herdelberg, Germany

NSRS —— YW}

European Joumnal of Endocrinology (2012) 166 77-85 ISSN 0804-4643

CLINICAL STUDY

Association of hypogonadism with vitamin D status: the
European Male Ageing Study

David M Lee, Abdelouahid Tajar, Stephen R Pye, Steven Boonen®, Dirk Vanderschueren?, Roger Bouillon®,
Terence W O'Neill, Gyorgy Bartfai*, Felipe F Casanueva®®, Joseph D Finn’, Gianni Forti®, Aleksander Giwercman®,
Thang S Han'?, Ilpo T Huhtaniemi'!, Krzysztof Kula'?, Michael EJ Lean?, Neil Pendleton'#, Margus Punab'® and
Frederick C W Wu’, the EMAS study group®
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Potential Beneficial Effects of Testosterone
Supplementation on the Uremic Phenotype

* Life quality

* Sexual functions including libido
* Bone quality

* Muscle strength

* Depression

* Insulin resistance

e Inflammation

e Oxidative stress

e Vascular function

* Anemia and iron utilization <=
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Hypothesis

o Endogenous testosterone levels are associated
with hemoglobin levels in men with CKD.

* Testosterone deficiency contributes to reduced
ESA responsiveness in male HD patients.

Testosterone deficiency is a cause of anaemia and reduced
responsiveness to erythropoiesis-stimulating agents in men with chronic
Kidney disease

NDT 2012

Juan Jesiis Cu.rrl.-:ru » Peter Ba 1‘1} Melaburm i]k ‘&" ilrmae’ . Abdul Rashid Qures] <hi” s Adper ‘_s
CHof Heimbia L,ur T'il.ne_'D wurias "\.'I jdat Yern . Bengt Tir dt]'a:u]i".r.rS envinkel




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

Multivariate prediction of hemoglobin (per g/dL) concentratio

NEFF ET AV
ySIS —
Total testosteronejm-ow"/ROGENS N HE pATIENTS o
Age (ueas—" AND ~EMIA TN M
FOB A F SL‘YKIN')
S¢ ANDRES f
MATTO® o —
0.39 (0.01)
-0.08 (0.35)
-0.31 (0.02)
y Eng! J ~0.16 (0.01)
Probability to be anemic (Hb<13.0 g/dL) in ESA-naive nondialyzed men with CKD

Odds Ratio 95% Cl
Testosterone deficiency <10 nmol/L w 2.23-12.56 <0.0001

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




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

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).

ESA <1

N —

63

21 TU/kg/week,

ESA = 121 IU/kg/week,

N = 63

P-value

64
28

Age, years
Vintage, months
Davies comorbidity score
Low
Middle
High
BMI, kg/m~
s-Albumin, g/dL
CRP, mg/L
Haemoglobin, g/dL
Hypochromic RBC, %
mtravenous iron medication,

%o

%o

76

1B (3. ? (1
e .
. . . .. .
xaxa oy L.y . xaxa . . .
- - - xa - x xax
) . s xa xa - x . xax P
i = : ;. . i 1
- . - x T .
xxaxaxaxxxaxxxaxxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxxxaxxxaxxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxaxax .. ...

(47—-76)
(10-58)

(22.5

28.2)

(3.3-3.8)

(2.5
(11
(0.4

17.0)
13.3)
1.5)

|
.
.. .. .. . T

s - e

. .. ... . . .
.
.

s -

62 (49-70)
24 (17-54)

17
49
33
22.3 (20.0-25.7)
3.5 (3.1-3.8)
8.7 (3.4-27.7)
12.3 (11.2-13.3)
2.6 (0.6-5.9)
63
26 (20-38)

s

i s -
i - e | ..

- - 1oL ..

- . = .

- . .

0.4

0.1

Z0.0001

- -
e

-
-

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



Testosterone vs. ESA Dose in HD-patients (I11)

Model |Prediction of ESA dose (U/kg/week) B (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

Probability to poor ESA responsiveness in ESA treated hemodialysis men.

Odds Ratio 95% ClI

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

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

g

100 ~ Rho= -0.38; P<0.0001 30
T e ) = p=0.01
~ ] RN £
20 - Tt oAy . - [~/] |
%D Y10 TENG g 200 p=001
27 iE £
p%: 2 I § 100 1
O 1 ' - o
0a ) : > 000
o ':‘3 | l‘O | 1‘5 | 2‘0 | 2‘5 '%
L - g 100 -
= o Rho= -0.42; P<0.0001 g
g ® 7 ] LT i & 200
20 - - . : E
S8 i X _ : Testosterone decreased
N > ] i L )
= il : . TNF and increased 1L-10
2 ' = . € 400 .
. | | | N £ levels in hypogonadal
(0] 5 10 15 20 25 500 . .
Testosterone amol /L. e | men with heart failure

Carrero et al. ] Am Soc Nephrol. 2009 Mar;20(3):613-620 Malkin et al. ] Clin Endocrinol Metab. 2004;89:3313-8.



ORI G I N A L A R T I C L E

E m d o cr i n e R e s e ar c h

Testosterone Suppresses Hepcidin in Vien: A Potential
WViechanism for Testosterone-induced Erythrocytosis

Eric Bachman, Rui Feng,* Thomas Travison,*™ Michelle Li, Gordana Olbina,

VWaughn Ostland, Jagadish Ulloor, Angi Zhang, Shehzad Basaria, Tomas Ganz,
Mark Wwesterman, and Shalender Bhasin

—

A | L uﬂmz\é@g@g@ in

= s Diovee GO0

iud

agonist, leuprolide)
e one enanthate for 20 wk. B, Testosterone
suppressés—+r=pcidin dose-dependently in men. Log-transformed serum

hepcidin levels (ng/ml) are shown at various sampling points in the 20-wk &

testosterone treatment study. Age 19-35 Age 59-75
4 0 D | T SE 5 T T
0 2 4 8 20 0 2 4 8 20

Week of Study
J Clin Endocrinol Metab. 2010 Oct;95(10):4743-7
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2011

Endocrine Regulation
of Male Fertility by the Skeleton

Franck Oury,"¢ Grzegorz Sumara,'-® Olga Sumara,' Mathieu Ferron," Haixin Chang,® Charles E. Smith,* Louis Hermo 4
Susan Suarez,® Bryan L. Roth,® Patricia Ducy,2 and Gerard Karsenty!.*

Bone Testis

testicles which
increase synthesis of

testosterone

To be reproductive as a man
you need strong bones
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Safety aspects
. msal » Prostata hypertrop

1t
* Test( o IﬁCf@ﬂSlﬂg hematoc

].EPtSrA e Slecp apnoca
Xtra 1
e Volyme retention

o [iver toxiclity

hy and cancet (che

wave velocity, bioimpedance, hepc1d1n

e 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?



Testosterone Deficiency is a Common Feature of CKD

- What did he.

Te

Counts

Drugs Used by Nephrologist May

Affect Testosterone Levels

Renibn—angic
Iy ol e g
erythropoict

Bellichant v Lasng

Endogenous testosterone and ESA responsiveness
in ESA-treated men undergoing hemodialysis.

rﬂ
0.05 |

B (SE)
=028 (2.3)

Model Prediction of ESA dose (Uikgiweek) | P-value

1 Total testosterone {in nmolL)

0.007

The Effect of
Consulting rd

e Corons, A
Ciain De Vitn, MD ~
Wi Maggl. MO

1+ Age (in years) and SHBG (in nrmolfL) —0.28 (2.5) | 0.04 .

0.004

o

2 + Davies comorbidity score [ =027 (2.4)  0.06 [ 0.006

B

13 + CRP (in mgiL) and albumin {in g/L) =026 (2.6) .02

.08

Q.18

o

4 + hypochromic RBCs (=1.1 versus > 1.1%) —0.14 (2.9) Q.2

L1 Probability to poor ESA responsiveness (ESA wi/Kg<121) in ESA treated hemodialysis men. h

1.17-6.14

Adjusted for age, SHBG, co-morbidities, albumin, CRP
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Testosterone increases renal anti-aging klotho gene expression via the
androgen receptor-mediated pathway
Shih-Che Hsu*, Shih-Ming Huang*+, Shih-Hua Lin*}, Shuk-Man Kag, Ann Chen1l, Meng-Fu Shih** and Yu-Juei Hsu*}'

*Graduate Institute of Medical Sciences, National Defense Medical Center, Taipei, Taiwan, R.0.C.

+Department of Biochemistry, National Defense Medical Center, Taipei, Taiwan, R.0.C.

fDivision of Nephrology, Department of Medicine, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan, R.0.C.
gGraduate Institute of Aerospace and Undersea Medicine, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan, R.O.C.
91Department of Pathology, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan, R.0.C.

**Department of Nephrology, Mackay Memorial Hospital, Taipei, Taiwan, R.0.C.
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Testosterone 1s an Anabolic Hormone with Many
Beneficial Effects on Men' s Health

* Depression

e Poor concentration
e Excessive tiredness
* Lack of energy

* Reduced libido
* Brectile dysfunction

e Reduced muscle mass
and/or strength

* Increased body fat

* Osteoporosis

e Anemia



Vitamin K Brist Vanligt hos Dialyspatienter

RESEARCH Open Ac

Menaquinone-4 enhances testosterone
production in rats and testis-derived tumor cell

Asagi Ito', Hitoshi Shirakawa'™, Naofumi Takumi®, Yoshihiko Minegishi®’, Al Ohashi’, Zakir H Howlader'-=Z,
Yusuke Ohsaki', Toshiro Sato®, Tomoko Goto' and Michio Komai'

= lapanese Femlented Soybean Food as the Mamr
Determinant of the Large Geographic Difference
in Circulating Levels of Vitamin K2: Possible
Implu:atmns for Hlp-Fracture Hlsk
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Potential Mechanisms by Which Testosterone
Therapy may Result in Erytrocytosis

* Suppression of inflammation
* Hypoxia

* Stimulation of erytropoiesis
 Alterations in iron sensing

* Direct suppression of hepcidin transcription
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Clin Drug Investig (2016) 36:421-431 ; -
DOI 10.1007/s40261-016-0378-y CrossMark

REVIEW ARTICLE

The Safety of Erythropoiesis-Stimulating Agents for the
Treatment of Anemia Resulting from Chronic Kidney Disease

Nicolas Roberto Robles'~

NDT Advance Access published July 21, 2076

Slde effeCtS Of ESA A i to P T e n It
° HypertenS|on Original Article N S

® Cram pS Association of erythropoiesis-stimulating agents and the
incidence risk of cancer diagnosis among chronic dialysis

i ACCGSS "C|Ottlng” patients: a nested case—control study

[ ) Stro ke Emilie René', Hind H. Lazrak', Louis-Philippe Laurin'??, Naoual Elftouh’, Michel Vallée™* and

» Risk for malignacies
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Ar Inflammation en Orsak till Laga Nivaer av
Tactnctarnn vir Kronisk Niursvikt?
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Pharmacological Interventions Extend Age”?

MNutritional and life style interventions

= Caloric restriction (96)

* Red wine (1217}.

» Figsh oil {omega 3) (106)

* Phosphate restriction {152)
* Physical exercise (104)

Pharmacological interventions

= SIRT acrivation; resveratrol (101)

= IR imhibirion; rapamycin (108), metformin (110), resveratrol (111)

= Stabilizing telomeres; statins {130), estrogens (13 1), telomerase reactivation {129), D-vitamin (132)
= Limit DNA damage; inhibition of NF-kB (135), anti-oxidants (136)
» Phosphate-lowering: phosphate binders (156), blocking of the intestinal phosphate transporter Wpt2h (153)

Stenvinkel and Larsson. AJKD 2013



Tankbara Gynnsamma Effekter av Testosteron
hos Patienter med Kronisk Njursvikt

o Livskvalitet

o Sexualla funktioner (Okad lust)
 Kvalitet pa benmassa

* Muskelstyrka

e Depression

* Insulinresistens

e Inflammation ¢

e Oxidativ stress
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Testosteron vs. Hemoglobin vid CKD 1-5 (llI)

Model |Prediction of ESA dose (U/kg/week) B (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

Ca 2.5 ganger okad risk for lag ESA kanslighet hos man som behandlas med HD

Odds Ratio 95% CI

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

Adjusted for age, SHBG, co-morbidities, albumin, CRP




NS

I
o
<

| | |
o o o
on N i

7/lowu ‘@U04331503s3} |el0]

Calcification, media



Methods: Cross-sectional study in..................

....126 prevalent HD men

The median ESA equivalent
dose was 10,000 (6,000-14,
750) U/week.

Age, years
Vintage, months
Davies comorbidity score, %o
Low
Middle
High
BMI, kg/m~
s-Albumin, g/dL
CRP, mg/LL
Haemoglobin, g/dL
Hypochromic RBC, %
Intravenous iron medication, %o
SHBG, nmol/LL
Total testosterone, nmol/L

63 (49-73)
25 (14-55)

19
54
26
24.6 (21.3-27.5)
3.5 (3.2-3.8)
6.8 (2.9-21.0)
12.2 (11.0-13.4)
1.1 (0.5-4.1)
69
27 (20-39)
10.0 (7.2-12.0)



