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Outline 

 

• Il concetto di disregolazione ormonale multipla 

 

• Relazione tra singola modificazione anabolica e 
outcome clinico-funzionale: recenti studi 
d’intervento 

 

• Implicazioni del concetto di disregolazione anabolica 
multipla: vecchie e nuove strategie di modulazione 

http://biomed.gerontologyjournals.org/content/vol58/issue11/images/large/grna-58-11-08-f01.jpeg


In older men multiple hormonal dysregulation: 
 

 
relative prevalence of catabolic hormones: thyroid 
hormones and cortisol  
 

 

 

decline in anabolic hormones: dehydroepiandrosterone 
sulphate (DHEAS),testosterone (T) and insulin like 

growth factor 1 (IGF-1). 
 

 

Hormonal changes with age in older men 

Maggio M et al. J Nutr Health Aging. 2012 Jan;16(1):40-54. Review   
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IGF-I ed età 

Maggio M et al. J Gerontol A Biol Med Sci 2006;61:182-3 

    Relationship between IGF-1 and age  

in men and women  
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 β ± SE= -2.95 ± 0.34   p <.0001 

 
 

Maggio M et al. 2012 in press 

    Relationship between 
testosterone and age in men 

Relationship between DHEAS 
and age in 755  (410 men 

and 345 women) 

Valenti G. et al  J Endocrinol Invest 2009, 32, 766-72 
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Physical performance 

Mobility 

Reduction 
of Anabolic 
Hormones: 
-testosterone 

-DHEAS 

-IGF-1 

-Vit. D 

increase of 

Catabolic 

Hormones: 

-Cortisol 

-Thyroid  

Cognitive function Motor Neurons Muscle function 

Energy expenditure 

Maggio M et al. Current Pharm  Design 2013 in press 



 

From Maggio M, Cattabiani C, Ceda GP. Italian textbook of geriatric endocrinology:   
Chapter 3  'La disregolazione ormonale multipla nel soggetto anziano'  

Editor Maurizio Gasperi, Nicola Ferrara, 2010  

Interaction between anabolic hormones 

 

TISSUES 



Giannaoulis et al. Endocrine reviews 2012;33:314-377  

 Causes and Consequences of anabolic hormonal deficiency   

Focus on testosterone and GH-IGF-1 



Somatopause Adrenopause Andropause 
Menopause 



 
Overlapping of  syndromes related to single anabolic 

hormone deficiency (adrenopause, andropause, 
somatopause) 
 

 
 

 
Despite the profound interaction between anabolic 
hormones…………….. 
 

 

Overlapping  of   syndromes 

Maggio M et al Acta Biomed. 2010;81 Suppl 1:19-29 



 

  Approach in the past  

One Deficiency  one  therapy model 

Cappola AR, Maggio M, Ferrucci L. J Gerontol A Biol Sci Med Sci. 2008;63(7):696-7 



Illusions of Octavio Ocampo  

Celaya-Mexico 1943 



 
The data offer no support at present for an improvement in 

memory or other aspects of cognitive function following DHEA 
treatment in normal older people. 

 
 

 In view of the growing public enthusiasm for DHEA 
supplementation, particularly in the USA, and the possibility 

that any neuroprotective effect of DHEA/S may only be evident 
in the long term, there is a need to undertake high quality trials 

in which the duration of DHEA treatment is longer than one 
year, and the number of participants is large enough to detect 

effects if they exist.  
 

 

Huppert FA,Van Niekerk JK  
Cochrane  Database Syst Rev 2007;(2):CD000304. 

Cochrane  Database Syst Rev 2007;(2):CD000304.WITHDRAWN: 

Dehydroepiandrosterone (DHEA) supplementation for 
cognitive function  



 

RCT addressing the effects of DHEA on muscle strength and physical function    

in older men (2005-2012) 

 

Maggio M et al. Curr Opin Med Car and Nutr. 2012 in press  



Maggio M et al. Curr Opin Med Car and Nutr. 2012 in press  

 

RCT  on DHEA and  physical function in older men (2005-2012) 

 



 

  Relationship between testosterone and cognitive function in elderly 

 

Maggio M et al. J Nutr Health Aging. 2012 Jan;16(1):40-54. Review   



 

  RCT  on  testosterone  on cognitive function in older men 

 

Maggio M et al. J Nutr Health Aging. 2012 Jan;16(1):40-54. Review   



Maggio M et al. Curr Opin Med Car and Nutr. 2012 in press  

RCT  testing the effects of  T on muscle strength and physical function  in older men (2005-2012) 

 



Brief Summary on  DHEAS, testosterone and physical 
and  cognitive function in older men 

 
 
 
 

Inconclusive data from RCT including  
cognitively  and  physically  active adult 
or young  old   normal  and with  normal  

baseline hormonal  levels 
 

 

Maggio M et al. J Nutr Health Aging. 2012 Jan;16(1):40-54. Review   

Maggio M et al. Curr Opin in Clin Nutr  and  Med Care 2013 in press  



Maggio M et al. J Nutr Health Aging. 2012 Jan;16(1):40-54. Review   

 

  Interaction between anabolic hormones in human physiology 

 



 

Physiology  of GH IGF-1 system 

 



Sathiavageeswaran M et al. Eur J Endocrinol 2007; 156: 439-447 

         Effects of 52 week GH treatment on cognition in GHD older men  

N= 34 (age range 60-77)  



GH treatment  on muscle function in healthy older men: a review 

 

Giannoulis et  al.  Endocrine Reviews 2012; 33: 314–377 



Giannoulis et  al.  Endocrine Reviews 2012; 33: 314–377 

 

GH treatment  on muscle function 

 in healthy older men: a review 

 



Cappola AR, Maggio M, Ferrucci L. J Gerontol A Biol Sci Med Sci. 2008;63(7):696-7 



Cappola AR, Maggio M, Ferrucci L. J Gerontol A Biol Sci Med Sci. 2008;63(7):696-7 

Individual hormones do not operate independently of each other 



From 1 Deficiency  therapy model to  

multisystem decline model 

Cappola AR, Maggio M, Ferrucci L. J Gerontol A Biol Sci Med Sci. 2008;63(7):696-7 



 
Prevalence of the Frailty Syndrome  

According to  Age-Adjusted Quintiles of Hormonal Levels 
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P-trend = 0.72 P-trend = 0.81 P-trend = 0.76 

P-trend = 0.52 P-trend = 0.44 P-trend = 0.29 

Maggio M et al. J Endocrinol Invest. 2005;28(11 Suppl Proceedings):15-9. Review. 



 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 

Hormonal pattern            OR*           95% C.I. 

  Cort     DHEAS                           2.9               (0.7-12.2) 

  DHEAS    FTe                             0.6                (0.1-5.1) 

  Cort     FTe                                 3.8                (0.9-14.5) 

Odds-Ratios for Frailty Syndrome associated  

with hormonal dysregulation in older men 

* Adjusted for age  

DHEAS IGF-1                             4.3                (1.1-16.4) 

Cort  DHEAS  FTe                      10.0              (1.6-64.4) 

Maggio M et al. J Endocrinol Invest. 2005;28(11 Suppl Proceedings):15-9. Review. 



Cappola AR  et al. J Gerontol A Biol Sci Med Sci. 2009 Feb;64(2):243-8.  

Odd Ratio of number of hormonal deficiencies predicting frailty status 



Maggio M et  J Endocrinol Invest. 2005 Sep;28(8):711-9. 

Changes in IGF-1 levels  in older men undergoing  
Cardiac surgery (on  pump CABG) 

Maggio M et al. J End Invest 2005; 28: 711-719 



Maggio M et  J Endocrinol Invest. 2005 Sep;28(8):711-9. 

FRANK HYPOGONADISM 

 
Testosterone levels in older men undergoing  

Cardiac surgery (on  pump CABG) 
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Thresholds for Dysregulation 

Bio-Testosterone (<70 ng/dL) 

Total IGF-1 (<63.8 ng mL) 

DHEAS (<50 mcg/dL) 

6 

LogRank 62.92 P<0.001 

Relationship between the Number of Anabolic Hormones in the Lowest serum Level 

Quartile and 6-Year Survival in Older Men 
InCHIANTI 

     Maggio M et al.  Archives of Internal Medicine 2007;167(20):2249-54  

http://archinte.ama-assn.org/


2 german prospective cohort studies: DETECT and SHIP with 3492 men  

     Friedrich N et al.  Steroids  2012; 77:52-58  



Giannoulis et  al.  Endocrine Reviews 2012; 33: 314–377 

Combined  GH and  T treatment in healthy older men 



Giannoulis et  al.  Endocrine Reviews 2012; 33: 314–377 



Nutrients 
 

(Selenium  
and 

Magnesium) 

 
Physical  
function 

 
Mortality 

 
 

Anabolic 
Hormones 

(IGF-1) 
 

Modulation of anabolic status and impact on  

functional outcomes 

 

 Adapted from Ferrucci L et al. Inflammation: the fire of frailty?  
In Research and perspectives in  Longevity.  Springer ed 2005 Pag 91-98 



 

Maggio M et al.  Clinical  Nutrition 2010 (29): 674-677 



  

 

 

 

 

 

                                                               

                                                                    Total IGF-1  

   

                                              Beta* ±  SE         P

    

        

                        Magnesium     16.4 ±4.9       0.001 

      

                        Magnesium     14.4 ±4.9          0.01 

 
                              * Each line refers the results  of a separate model adjusted for  

                                            indicated covariates. 

                                          Model 1: adjusted for Age, BMI, GOT, GPT, Energy Intake,  

                                          log (fasting insulin), log (DHEAS),log (IL-6), selenium. 

                                          Model 2:  Model 1 plus  testosterone.  

Maggio M et al. Int J Andrology 2011 

Relationship between Magnesium (predictor) and total IGF-1 
(outcome) 
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                                                                                                                                          Testosterone  

                                                     
                                                                                           Beta* ± SE     p  

                                                                  
                                                                 Magnesium         36.4 ± 10.7     0.008 
    
        
                                                             Magnesium         48.7 +12.6    0.0001 
 
              

                                                                                                Model 1: adjusted for Age, BMI, log (DHEAS), 
                                                                             log (SHBG), log (fasting insulin), Grip strength,  
                                                                              Parkinson’s Disease, Chronic Heart Failure. 
                                                                              Model 2:  Model 1 plus  total IGF-1.  
 
                                                                                                            *Each line refers the results of a separate model adjusted for indicated covariates. 

 

Relationship between magnesium (predictor) and 
total testosterone (outcome) 

Maggio M et al. Int J Andrology 2011 
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Corticosteroids 
PPI 

ACE-inibitors 

Positive  Negative  

+ IGF-1 - IGF-1 

Polipharmacotherapy and hormones 

 

http://biomed.gerontologyjournals.org/content/vol58/issue11/images/large/grna-58-11-08-f01.jpeg


Maggio M  et al 2006 American Journal of Cardiology 2006;97(10):1525-9 

Use of ACE-inhibitors is positively associated 

with IGF-1 in older subjects 

 



Clinical Trial  
Effects of ACE-inhibitors on IGF-1 levels  

in older subjects with high CV risk 

Giovannini S, Cesari M,… Maggio M et al J Nutr Health Aging. 2010 Jun;14:457-60.  



Between 25% and 81% of patients taking 
PPI have no appropriate indication 

 
 
 
 

In many cases physicians fail to provide 
specific instructions about how long to 

continue treatment 

Overuse of  proton pump inhibitors (PPI) 

 

 

Walker NM, et al . Pharm World Sci 2001;23:116–7 

C.J. George, et al Am J Geriatr Pharmacother 6 (2008), pp. 249–254. 

Hollingworth S et al Pharmacoepidemiol Drug Saf Oct 2010;19(10):1019–24  



 

Maggio M et al.  JAMA  Internal  Medicine 2013 in press  

Relationship  between  1-year PPI treatment  
and death and  death or rehospitalization in older patients 



De  Vita  F,   Maggio M , Ceda  GP et al. 2012   
57°  Congresso  Nazionale  SIGG  poster  N°  199 

IGF-1 levels according to PPI use  

in older subjects  of  InCHIANTI Study  
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CONCLUSIONI 

La disregolazione ormonale multipla (soprattutto il 
deficit anabolico): impatto sfavorevole  sugli outcome 

funzionali e clinici  del soggetto anziano.  
 
 

Aging=processo multifattoriale e multisistemico: 
un corretto approccio nell’ aging male  non  dovrebbe 

incentrarsi su una singola modificazione endocrina 
 
 

Tradizionale terapia  ormonale sostitutiva (terapia 
combinata) ma anche fattori nutrizionali e 

farmacologici come possibili modulatori dello stato 
anabolico. 
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population to treat 

older with low 

androgens with signs 

and  symptoms  

Continuous versus intermittent 

  

Selective Androgens Receptor Modulators  (SARMS) 

  

 

Plus  5α-reductase inhibitor 

Plus  physical  exercise                                                      Plus nutrients  

  

correct formulation (transdermal)  dosage ( 5g 10g) 

 individually adjusted dosage 

  

Who?  

What preparation? 

  

How long?  

  

 Testosterone  alone?  

Targeting  

Skeletal muscle and  bone 

Novel  strategies to counteract  the  side effects  associated  
with testosterone treatment in older men 

 

 

 

 
  

 

Maggio M et al. Curr Opin in Clin Nutr  and  Med Care 2013 in press  



 

  Relationship between testosterone and cognitive function in elderly 

 

Maggio M et al. J Nutr Health Aging. 2012 Jan;16(1):40-54. Review   



 

  Androgen deprivation therapy: site of blockage 

 



LINK TRA ADT E RIDOTTA MOBILITA’  
NEL SOGGETTO ANZIANO 

Bylow K et al. 2007 Dec 15;110(12):2604-13  



 

  Relationship between IGF-1 and cognitive function in elderly 

 

Maggio M et al. J Nutr Health Aging. 2012 Jan;16(1):40-54. Review   



Duron E et al. JCEM. 2012 in press 

 

AD determinants for IGF-1 in older men 

 



 

IF  HORMONAL ANABOLIC DEFICIENCY  

RATHER THAN SINGLE HORMONAL DERANGEMENT  

HAS AN IMPORTANT ROLE  

IN AGE-RELATED PHENOMENA 

 

Strategies to attenuate the 
impact of this deficit in older 

male population ? 


