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What is Aging? 

Complex transition that includes a 

physiological and cognitive vulnerability 

making the individual more prone to 

diseases and acute medical events, leading 

to further decrease in reserve capacities of 

functional indipendency and ultimately to 

death 



Immunosenescence: age related decline in immune function at the 

cellular and serological level. 

  

These changes lead to poor response to newly encountered 

microbial antigens, including vaccines, as well as to shift ot the 

immmune system towards an inflammatory, autoimmune profile. 

 

This immune dysregulation provides the background for an increased 

susceptibility to autoimmune diseases, cancer, metabolic diseases, 

osteoporosis, neurological disorders, as well as allergic inflammation 

and infections. 





Maijo M.et al Mech Ageing Dev, 2014 



Effect of age on the production and distribution of lynphocytes 

Maijo M.et al Mech Ageing Dev, 2014 



INFLAMM-AGING 

Chronic, sterile, subclinical , low grade inflammation related 

to the ageing, produced as consequence of: 

- Dysfunctional mitochondria; 

- Defective autophagy; 

- Endoplasmic reticulum stress; 

- Activation of inflammasome by cells debris; 

- Defective ubiquitin/proteasome system; 

- Activation of DNA damage response; 

- Senescent T cells; 

- Age-related changes in the composition of microbiota ( 

dysbiosis) 

Fulop T.et al. Frontiers in Immunology, 2018 



Flores R et al. Aging Cell 2017 



Role of MDSCs  

Mira JC et al. Crit Care Med 2017                       Salminen A et al Biogerontology, 2018 

IMC= Immature Myeloid Cells 

 
MDSCs= Myeloid Derived Suppressor Cells 

 
SASP= Senescence Associated Secretory 
Phenothype  



Nomellini V et al. Shock, 2018 

The host response to infection 



The development of persistent inflammation and 

immunosuppression 

Nomellini V et al. Shock, 2018 



Injury/Septic shock 

Acute cellular stress 
Malnutrition 

? 

Aging  

Slow accumulation 

of oxidative stress 

and cell dammage 
- Decreased immune cell 

number and function 

 

- Decreased clearance of 

infection or tissue injury  

Persistent Inflammation, Immune Suppression  

and Catabolism Syndrome 

The divergent yet similar pathways to develop PICS 

Nomellini V. et al Shock, 2018 



Phases of critical illness: a guess! 

Arabi YM et al Intensive Care Med, 2017 

Acute phase 

Organ dysfunction Inflammation Metabolic 

status 

Days 

Early Severe/progressive Progressive Catabolic 1-3 

Late Stable/regressive Persistent/Regre

ssive 

Catabolic-

Anabolic 

2-4 

Post acute 

phase 

Recovery Reconstitution Resolution of 

inflammation 

Anabolic > 7 

Chronic Persistent Persistent 

Inflammation & 
Immunosuppression 

Catabolic > 7 



The new paradigm of Persistent  Inflammation, Immunosuppression and 

Catabolism Syndrome  (PICS) 

Mira J.C. et al Crit Care Clin, 

2017 

Discharge to LTAF  

Poor quality of life 



Markers used to idetify patients with/or a risk of 

PICS 

Mira J.C. et al Crit Care Clin, 

2017 



≥ 65 y.o. = 61.106 



Mortality rates in elderly patients at ICU and hospital discharge 



Acute insult 
-Burn 

-Pancreatitis 

-Sespis 

-Trauma 

 

 

Chronic Conditions 

-Aging 

-Cancer 

-Kidney disease 

Dysfunctional 
myelopoiesis 

MDSCs 

Continous low 
grade 

inflammation 

HSCs 
Immunoajuvant 

Anti-PDL1 

Eritrhopoyetin 

Flt3l 

Nicotinamide riboside 

PICS 

CCI 

Death MiRNA, Erythropoietin 

Excercise, Propanolol, Nutrition, 

Antiinflammatory, Anabolics 

✗ 

✗ 

✗ 

Can we interrupt this vicious cycle? 

Efron P.A. et al. Annual Update In Intensive Care and Emergengy Medicine 2018. Springer  



Farmaco-Nutrition 

Proteins 
Micronutrients 

Aminoacids Fatty Acids 

Antioxidants 

Vitamines 

Probiotics 

Symbiotics 

Prebiotics 

Nucleotides 



 

Contained in the membranes of the immune cells 

 

Strong antioxidant 

 

Enhance immune response + cell mediated immunity 

 

 Icreases resistance to respiratory infections in nursing 

home residents 

 

Dose: 200 mg daily for 3 months is an optimal dose 

for improving T cell mediate functions in the elderly 

 



ZINC 

Zinc deficiency affects multiple immune cells 

   involved in both innate and adaptive immunity; 

 

The elderly often have a low serum Zinc level ( 

inadequate intake, impaired metabolism, infection, 

inflammation…); 
 

Evidence from the literature indicates that the elderly 

might benefit from optimizing serum Zinc level trought 

adeguate intake; 

 

So far optimal Zinc intake is 

 unknow; 

 



The evidence is scarse with reduced number of 

studies and including small group of 

partecipants…heterogeneity in design and type 

of interventions is an important limitation. 

 

Despite this limitation, it seems that pre-, 

probiotics and synbiotics may represent a 

nutritional modulation for immunesenescence. 



What is the role of ω-3  in 

inflammation? 

Courtesy of M.Muscaritoli ( modified)  



Effetto degli ω-3 sulla  risposta infiammatoria  



Dinka Rees et al 

Conclusions 

- The elderly can handle dietary long-chain-n-3 PUFAs in different way; 

- The host innate immune functions remained unaffected in the elderly even with high 

intake of long-chain –n3 PUFAs ( 4.05 g EPA+0.9 g DHA/d); 

- Hower at this intake, neutrophil superoxide production in response to E.Coli may be 

impaired by to 20%; 

- An intake of 1.35 g EPA+0.3 gr DHA/d does not affect innate immune function in 

young or in the elderly 



Fatty acids and the elderly 

Larbi A et al. Nutrition as a tool to reverse immnunosenescence? , 2018 



Immunonutrizione 

Miscele nutrizionali arricchite con specifici nutrienti attivi 

sul sistema immunitario, sul metabolismo e sulla struttura e 

funzione del tratto gastrointestinale. 

   

EPA 

DHA 

GLA 

n-3/n-6 

EPA 
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GLA 
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beta-
Carotene 
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Glutamina 

Alanina 
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Diete arricchite con immunonutrienti 

  

 

 

 

Impact® Nestlé 

 
Perative®Abbott 

 

 

Stresson® 

Nutricia 

 

 

 

 

 

 

AlitraQ® 

Abbott 

 Protéines % (g·L-1) 

 
22 %  (56) 

 
20,5 %  (66,6) 

 
24 %  (75) 

 
21 %(  52,5) 

 Glutamine (g·L-1) 

 
0 

 
0 

 
13 

 
15,5 

 Arginine (g·L-1) 

 
13.0 

 
6,5 

 
6,7 

 
4,5 

 Nucléotides (g·L-1) 

 
1.0 

 
0 

 
0 

 
0 

 Lipides % (g·L-1) 

 
25 %  (28) 

 
25 %  (37,4) 

 
30 %  (42) 

 
13 %  (15,5) 

  n-3 (g·L-1) 

 
1,7 

 
1,6 

 
30 mg 

 
0 

 Antioxydants 

 
C, E, βcarotène, zn, 
se 

 

A, C, βcarotène, zn, 
se  

 

éléments-

traces,A, C, E, 

 

 

0 

 
Taurine (mg·L-1) 

 
0 

 
140 

 
0 

 
150 

 
oui 

 kcal·mL-1 

 
1 

 
1,3 

 
1 

 
1,5 

 
1 

 Osmolalité(mOsm·L-) 

 
375 

 
385 

 
420 

 
575 

 



ARG e funzione immunologica 

Aminoacido semiessenziale   

necessario per: 

 

• Proliferazione dei linfociti  (Etron et al. 1991) 

• Induzione delle funzioni dei T-linfociti (Etron e Barbul, 1998) 

• Sintesi di NO (Nathan e Xle, 1994, Albina 1996) 

• Aumento della fagocitosi PMN (Etron e Barbul, 1998) 

• Aumento dell’attività delle cellule Natural killer(Etron e 

Barbul, 1998) 



30 

RNA 

•Substrato essenziale per la replicazione, la maturazione e la 

differenziazione cellulare (cellule a rapido turnover:  linfociti, 

Natural Killers, enterociti,  macrofagi, che non sono in grado 

di sintetizzare l’RNA) 

• Implicato nella sintesi dei recettori dell’IL-2 e dei macrofagi 

• Substrato per la sintesi proteica 

• Substrato per il metabolismo e l’energia cellulare  
(coenzimi: NAD, FAD, ATP, etc..) 

Grimble GK, 2001, Hardy G, 2002 



       
 

 Postoperative   acquired  arginine-deficient  state  which  

leads  to  substantial   immune  dysfunction 

 

 Immature myeloid-derived suppressor cells accumulation 

    early after surgery  which  express  Arginase 1   

    (arginine depleting enzyme) 

 

 N-3 fatty acids can blunt upregulation  of  immature cells 

     and Arginase 1 

 

 Arginine plus Omega-3  supplementation restores   

    T-lymphocyte  function  including IL-2  production 

 

 

ARGININE  /  N-3 FATTY  ACIDS    INTERACTION 

Popovic, J  Nutrit  2007 



GLUTAMINE enteral 

supplementation 



2013: “Glutamine, a 

Potentially Toxic Nutrient, 

But Why, How, When, and 

in Which Patients? 

2003: “Glutamine, a Life-

Saving Nutrient, But Why? 



Perioperative Immunonutrition  
(cancer patients) 

206 patients (colon, stomach, pancreas) randomized trial                1l/d 

Impact® or standard formula for 7 days preoperative  

Braga M. et al. Arch Surg, 1999 
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Risposta metabolica: IMN vs. Std 
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Waitzberg DL - World J Surg 2006, 30:1592 



Conclusions 

- Ageing is caracterized by immunosenescence and progressive decline 

in immunity;  

 

 

- This complex process affects both innate and immune system 

 

 

- Nutritional interventions have shown some promising results in 

targeting some of the impairements of the immune system observed 

with aging; 

 

 

- Which molecular pathways of chronic inflammation (inflammaging) can 

be effectively targeted by a nutritional approach  still needs  to be 

determined; 

 





Dieta mediterranea 

Larbi A et al. Nutrition as a tool to reverse immnunosenescence? In Immunity and 

inflammation in health disease, 2018 


