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Statement by the Growth Hormone Research Society on
the GH/IGF-I Axis in Extending Health Span

Michael O. Thorner

Design of Future Studies to Investigate Enhancement of Health
Span

Given the expected demographic age shift in the world population, future clinical research in
this area, with carefully designed, long-term studies, using validated outcome parameters,
is strongly recommended. Until the results of such studies are available, the clinical use of
GH or GHS in older adults, alone or in combination with testosterone, cannot be
recommended.



Mutant mice with reduced somatotropic (GH/IGF-1) signaling and extended longevity

Mutation Effects on somatotropic signaling Reference

Ames dwarf; mutation of Prophet of pituitary factorl (Propl); Propldf Failure of somatotroph differentiation; GH Borg et al 1996
deficiency

Snell dwarf, mutation of Pituitary factor 1; PitldW Failure of somatotroph differentiation; GH Flurkey et al 2001
deficiency

Little; mutation of GH releasing hormone receptor; Ghrhrlit GH deficiency Flurkey et al 2001

Laron dwarf; Deletion of GH receptor/GH binding protein gene; Ghr/bp —/— Deletion of GH receptors; GH resistance Coschigano et al 2003

Midi-mice; hypomorphic IGF-1 mutation

Heterozygous for deletion of IGF-1 receptor, Igfr +/—

Deletion of Pregnancy associated plasma protein A; PAPP-A —/— (an IGFBP

protease)

Reduced IGF-1 levels

Partial IGF-1 resistance

Reduced local (tissue) availability of IGF-1

Sell and Lorenzini
2007

Holzenberger et al
2003

Conover and Bale 2007

Abbreviations: GH, growth hormone; IGF-1, insulin-like growth factor-1; IGFBP, insulin-like growth factor binding protein.




1. Extension of longevity reproducible and not limited to a
particular laboratory, diet or genetic background

2. Lifespanis extended in both males and females

3. Extension of longevity is associated with a similarly
extension of healthspan

4. The magnitude of increase in longevity exceeds the effects
of most genetic, pharmachological, or dietary interventions
that have antiaging effects in mice
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Improbable Mechani
1. Size (inverse correlation with lifespan in diverse species, but discordant data)

2. Insulin sensitivity (important, but IR does not precludeA lifespan)

3. Adiposity (mouse strain and GHD humans obesity, adipose tissue, particularly
subcutaneous protective; Nether obesity nor a lean phenotype are a
prerequisite for a long life)

Probable Mechanisms

1. Stress resistance (resistance to various cellular stress, such as heat, hypoxia,
irradiation, glucose deprivation, accumulation of ROS) Autophagy or
apoptosis. mTOR is central its long term activation induces cellular stress and
accumulation of unfolded proteins, and is inhibited by caloric restriction and
decresed GH/IGF-1 signaling

2. Tumour resistance (Enhanced GH/IGF-1 signaling associated with several
types of cancers in mammals)
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T Mortalita soprattutto x complicanze cardiovascolari e
respiratorie, di circa 1.5-3 volte

e |percalciuria

e |[perfostatemia

e [perinsulinemia

e Diabete mellito (10%)

 |pertensione arteriosa (30%)

e (Cardiomegalia

e Insufficienza cardiaca congestizia (10-20%)
e Coronaropatia precoce
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*Hypopituitary females have a high incidence of
cardiovascular morbidity and an increased prevalence
of cardiovascular risk factors, Bulow B et al. JCEM
2000

*Svensson et al in 1,411 hypopitutary patients showed
Increased incidence of MI, cerebrovascular disease,
malignancy, and death compared to general
population while GH treated HYP had an overall
malignancy and mortality rate comparable to that of
the general population JCEM 2004



Signs/symtoms of GH deficiency Benefits
T Fat mass J Fat mass
J Lean mass T Lean mass

! Bone density T Bone density

d Exercise & skeletal muscle T Exercise & muscle

Atherogenic lipidic profile Improvement
Atherosclerosis Improvement
{ Quality of life T Quality of life
ISurvival 27077

Cittadini A et al. , JCEM, Am J Physiol 1996-1997



Registered GHD adults
in the Netherlandc
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e Danish prospective study on a
sample of 4,807 individuals aged 30-

60 yrs without disease at the
enrollment. Low serum IGF-I is
associated with increased risk of
ischemic heart disease, Juul A et al.
Circulation 2002




Serum IGF-I and Risk of CHF in Elderly
Individual Without

a Previous Myocardial Infarction: the
Framingham Heart Study

—a— Participants with serum IGF- |
level < 140 pg/L

-m--- Participants with serum IGF- |
level = 140 pg/L
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Congestive Heart Failure

Follow-up, ¥

Participants with Congestive Heart Failure/Participants at Risk, n/n
Serum IGF-1 Level
< 140 ngrL 0/361 6/323 14/290 187277  25/256 2 31/228 37/143
Serum IGF-1 Level
140 pgsl 0/356 3/336 4/303 9/290 13,272 14/261 19/158

Vasan et al, Ann Intern Med 2003
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JACC: Heart Failure Vol. 1, No. 4, 2013
© 2013 by the American College of Cardiology Foundation ISSN 2213-1779/$36.00
Published by Elsevier Inc. htrp://dx.doi.org/10.1016/j.jchf.2013.04.003

Growth Hormone Replacement Delays the

Progression of Chronic Heart Failure Combined

With Growth Hormone Deficiency _
An Extension of a Randomized Controlled Single-Blind Study

Antonio Cittadini, MD,* Alberto M. Marra, MD,* Michele Arcopinto, MD,* Emanuele Bobbio, MIDD,*
Andrea Salzano, MID,* Domenico Sirico, MID,* Raffaele Napoli, MDD,* Annamaria Colao, MDD,
Salvatore Longobardi, MIDD,I Ragavendra R. Baliga, MD,§ Eduardo Bossone, MD,|| Luigi Sacca, MID*

WNaples, Rome, and Salerno, Italy; and Columbus, Ohbio
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extends life span

On the other hand, epidemiological human data do not support
this hypothesis

Hypopituitarism with uncorrected GH deficiency in humans is
associated with increased cardiovascular morbidity and mortality

All explanations for this apparent discrepancy proved
inconclusive

This is likely the results of the complexity of the GH/IGF-1 axis, the
inhomogeneity of animal and human models of GH excess and
deficiency, and of the broad variety of mechanisms involved in

ageing
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magnitude would attenuatmg the GH/IG -1 pa
aging?
2. Does an early decline in somatotropic hormones reflect

premature aging or enhanced adaptation to and protection from
the consequences of aging?

3. Are there organ systems in older adults that might suffer
detrimental effects from reduced IGF-1 signaling?

4. How are these effects from reduced to differ between males and
females?

5. Is it areduction in GH, IGF-1, or both that is necessary to achieve
these effects?

6. What is the contribution of environmental factors, such as
nutrition, to the function of the somatotropic axis?




recommended as anti aglng therap‘V‘

. GH replacement therapy is safe and effective
in GHD

. Future basic studies focused on the

attenuation of specific intracellular pathways
depending on the GH/IGF-1 axis are eagerly
awaited to unravel potential anti aging
approaches






Major premise: GH deficiency and low circulating

IGF-1 levels are associated with increased
cardiovascular morbidity and mortality

Minor _premise: approximately 20-40% of CHF
patients display GH deficiency and/or reduction
of IGF-1 levels

Conclusion = 20-40% of CHF patients exhibit an
“excess " cardiovascular mortality compared with
non GH deficient CHF patients
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A PRELIMINARY STUDY OF GROWTH HORMONE IN THE TREATMENT OF
DILATED CARDIOMYOPATHY

SERAFINO FAz10, M.D., DOMENICO SABATINI, M.D., BRUNELLA CAPALDO, M.D., CARLO VIGORITO, M.D.,
ARTURO GIORDANO, M.D., RAFFAELE GUIDA, M.D., FRANCESCcO PARDO, M.D.,
BERNADETTE B1ronpi, M.D., AND LUIGI SACCA, M.D.
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Arcopinto M, Salzano A, Giallauria F, Bossone E, Isgaard J, et al. (2017) Growth Hormone Deficiency Is Associated with Worse Cardiac

Function, Physical Performance, and Outcome in Chronic Heart Failure: Insights from the T.0.S.CA. GHD Study. PLOS ONE 12(1): e0170058.
https://doi.org/10.1371/journal.pone.0170058
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status
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Cumulative survival
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Screening

Visit TO

Visit T3

Visit T6

Visit T12

Medical history

X

Physical
examination/anthropometric
s

Therapy/adverse event
monitoring

EKG

Biochemistry

Test GHRH + Arginine

Hormonal work up

Echocardiography

QoL tests

X | X[ X|[X]X]|X

Cardiopulmonary Exercise
test

Flow-mediated Vasodilation

Hand grip

Holter EKG 24 h
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Pro-infla ory cytokines

Anabolic drive

Catabolic drive

Sacca L, Circ Heart Fail 2009




Characteristics of GH-resistant and/or GH-deficient mice believed to contribute to their extended longevity

Increased whole animal insulin sensitivity (40, 202)
Mild hypoglycemia (43, 125)

Stress resistance and oxidative damage

Cellular resistance to a variety of oxidative, cytotoxic and metabolic stresses (175, 253)
Improved antioxidant defense mechanisms; reduced ROS production (49, 235)

Greater capacity for xenobiotic metabolism (7)

Reduced oxidative damage to macromolecules (49, 256)

Reduced mutation rate (104)

Growth, tissue maintenance, and cancer

Reduced hepatic IGF-I expression and circulating IGF-I levels (20, 340)
Preserved local IGF-I signaling (including the brain and the heart) (200, 288)
Reduced mTOR-mediated translation and cell size (40, 127, 265)
Delayed onset and reduced severity of neoplastic disease (133, 134, 312)
Delayed maturation; reduced adult body size (20, 147, 334)
Improved maintenance of stem cells (246)
Organ-specific alterations in apoptosis (106, 150)

Cardiovascular function

Reduced blood pressure (179)

Reduced cardiac extracellular collagen (127)
Rheological advantages of reduced body size (254)

Other potential mechanisms

Delayed immune system aging (100)
Altered N-glycosylation (308)
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(in order of publication date)
15t author Dose (IU/week) | Duration | No | Placebo Benefit ‘ IGF (ng/ml)
Cuneo 12 (IU/week) (84) 3 months 1 No Yes %
Fazio 4 1U/2nd day (14) 3 months 7 No Yes ‘ 198 to 406
Frustaci 41U/ day (28) 3 months 5 No No | E
Volterrani 0.1 IU/Kg/24h 24 hours 12 No Yes | 169 to 248
O’Driscoll 10+14 IU day 1+7 weeks 2 No Yes ?
(70+98)

De Luis Roman 16 IU/day (12) 1year 1 No Yes Y
Osterzie da 4 month I
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From: Meta-Analysis and Dose-Response Metaregression: Circulating Insulin-Like Growth Factor | (IGF-I) and
Mortality

J Clin Endocrinol Metab. 2011;96(9):2912-2920. doi:10.1210/jc.2011-1377

J Clin Endocrinol Metab | Copyright © 2011 by The Endocrine Society




Increased whole animal Growth, tissue maintenance, and

insulin sensitivity cancer

Mild hypoglycemia ,g;ﬁ'ffﬁfc IGF-1 production and circulating

Delayed immune system Preserved local IGF-1 signaling

aging ¥ mTOR-mediated translation and cell size
) Delayed onset and reduced severity of

Stress resistance and neoplastic disease

oxidative damage Delayed maturation; reduced adult body size

Cellular resistance to oxidative, Improved maintenance of stem cells

cytotoxic, and metabolic stresses Organ specific alterations ion apoptosis

mproved anti 'd%sd;!ggzecﬁon Cardiovascular function

A Xenobiotic metabolism ¥ Blood pressure

¥ Oxidative damage to ¥ Cardiac extracellular collagen
macromolecules Rheological advantages of reduced body size
¥ Mutation rate




Childhood onset, males

Controls
Patients
0.2
0.0
0 5 10 15 20

Years after entry

Number of patients/controls

299 269 179 97 32
1332 1279 881 491 178
Adult onset, males

1.0

0.4 Patients
0.2
0.0
0 5 10 15 20

Years after entry

Number of patients/controls

732
3200

550
2748
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1613
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Childhood onset, females

Controls
Patients
0 5 10 15 20

Years after entry

187 169 117 60 25
872 848 597 334 159
Adult onset, females
N~ - < -
~ - Controls
™ ~
Patients
0 5 10 15 20
Years after entry
576 412 244 106 48
2610 2321 1526 836 387
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Cumulative survival
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x no anabolic deficiencies
0.9 [*%, n=23,4 deaths
+ .. Hazard Ratios versus
0.8 1 % no anabolic
- w___‘__‘ 4+ deficiency 7.66
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! — — Tl
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= == n=85, 38 deaths 3.36
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0.3t M 1.64
' o = =i 1.00
0.2/ ?, =01f5?: ???:l%%ltiﬁsdeﬁden‘:ies
i no anabolic deficiency in  deficiency in deficiency in
01 deficiency 1 anabolic 2 anabolic 3 anabolic
Time (months) axis axes axes
0 6 12 18 24 30 36
Men with no anabolic deficiency
Atrisk 23 23 21 19
Deaths - 0 2 4
Men with deficiency in 1 anabolic axis
Atrisk 85 76 69 63
Deaths - 9 16 22
Men with deficiency in 2 anabolic axes
Atrisk 85 64 54 47
Deaths - 21 31 38
Men with deficiency in 3 anabolic axes
Atrisk 15 9 6 4
Deaths - 6 9 11

Ewa A. Jankowska et al. Circulation. 2006;114:1829-1837

% American
0 Heart
Association. Copyright © American Heart Association, Inc. All rights reserved.
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Arcopinto M, Salzano A, Giallauria F, Bossone E, Isgaard J, et al. (2017) Growth Hormone Deficiency Is Associated with Worse Cardiac
Function, Physical Performance, and Outcome in Chronic Heart Failure: Insights from the T.0.S.CA. GHD Study. PLQS ONE 12(1): €0170058.
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