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ADERENZA TERAPEUTICA: definizione

L’aderenza terapeutica nel paziente trapiantato renale è misurata su vari livelli e comprende uno spettro di

comportamenti che vanno dai cambiamenti dello stile di vita all’assiduità nei controlli medici e laboratoristici,

oltre che nell’assunzione dei numerosi farmaci.

ADERENZA

• Comportamento del paziente che rispetta la prescrizione medica circa l’assunzione terapeutica secondo 
i dosaggi e i tempi indicati

PERSISTENZA

• Esprime la durata e la coerenza  dello specifico comportamento «aderente» del paziente.



ADERENZA TERAPEUTICA: la non compliance

Tre differenti profili di non compliance tra i pazienti portatori di trapianto:

• “Accidental noncompliers” (47%): nel caso di dimenticanza occasionale nell’assunzione della terapia

• “Invulnerables” (28%): pazienti che ritengono di non aver bisogno di assumere regolarmente la terapia

• “Decisive noncompliers” (25%): quelli che decidono autonomamente sull’assunzione regolare della
terapia.

Rapisarda et al., GIN Anno 21 n. 1, 2004/pp. 51-56



Prevention and Management of DKD

• The management of diabetes mellitus hinges on “five carriages”:
– health education

– diet

– exercise

– weight control

– drug treatment

• Non-pharmacological measures are critical to the early stages of
diabetes mellitus, but people often ignore the importance of non-
pharmacological measures

Mechanistic Insight and Management of Diabetic Nephropathy: 
Recent Progress and Future Perspective

Rui Xue et al



Nutrient-Sensing Signals



Systems biology of personalized nutrition

Nutrition ReviewsVR Vol. 75(8):579–599







FETAL PROGRAMMING

« Process whereby exposure to an environmental stimulus
in utero or during early postnatal life can induce structural
and functional changes in a developing

organism »



70% increased risk
in  <2.500 g neonates

Low birth weight increases risk for ESRD… 



Chronic Kidney Impairment: 
a fetal onset

LNN

Reduced
Surface Area

Limited sodium
excretion

High blood
pressure

Higher risk of 
(early) CKD





Maternal Diet and LBW/LNN 

❖Micronutrients reduction (enzymatic co-factors
in cells sinthesis)

❖ Protein reduction



LNN and RAAS

No Pax-2 stimulation

Increased Apoptotic
mechanisms

Protein
deprivation

)

RAAS downregulation

Angiotesin II reduction

LNN at birth



Maternal Diet : Proteins

Low Protein Intake

Aberrant Gene Expression

(i.e. TGFb1 upregulation)

increased apoptosis

Reduced Nephron Number



Maternal Diet : Micronutrients

• Vit A deficiency

Fetal Low VitA intake

20% reduction
in rats

nephron number



Maternal Diet : Micronutrients

VitA deficiency alterates branching morphogenesis

All-trans
retinoic acid



Iron deficiency: 

• LBW

• LNN

• High Blood Pressure (HBP)

Zinc deficiency:  increased oxidative stress
• LNN
• Reducted Kidney function

Maternal Diet : Micronutrients



EPIGENETIC CHANGES 
and 

RENAL PROGRAMMING

Micronutrients→ structural components of
enzymes modifing DNA and Histone

Micronutrients restriction→ possible epigenetic
changes cause

…



Maternal Smoke Habit



Maternal Smoke Habit

OXPHOS complex



Maternal Smoke Habit

❖Abnormal structure
Evidences…



Maternal Smoke Habit

❖ Abnormal amount of mtDNA copies

❖Increased density

❖Increased mitophagy

…Evidences



Maternal Smoke Habit

OR SMOKING HABIT

Consequences…

ALBUMINURIA → CKD onset→ CKD accelerated progression



EPIGENETIC CHANGES 
and 

RENAL PROGRAMMING

EPIGENETIC MECHANISMS:

✓ DNA methylation

✓ microRNAs

✓ Histone modifications





Frontiers in Microbiology, 1 July 2016|Volume7 



NUMBER OF PUBMED PUBLICATIONS WITH “MICROBIOTA” AS KEYWORD 
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Year 2015:   5308
Year 2016:   8150 
Year 2017: 10144
Year 2018: 12000 (forecast)



Cell 147, September 30, 2011



MICROBIOME

The Microbiota and Diseases

acne

Antibiotic-associated
diarrhea Asthma/allergies

Autoimmune diseases (multiple sclerosis, lupus, 
rheumatoid arthritis)

cancer

Depression and anxiety

diabetes

Inflammatory bowel
diseases

Obesity

CKD CVD

autism



"TLR5-mediated sensing of gut microbiota is necessary 
for antibody responses to seasonal influenza 

vaccination”*

• Intestinal microbes enhance the ability of the flu 
vaccine to "take”

• Weaker flu vaccine response in germ-free mice or 
mice treated with antibiotics 

*J.Z. Oh et al.,  Immunity, doi:10.1016/j.immuni.2014.08.009, 2014. 



Microbial colonization of the infant GI tract

"The microbes that colonize mucosal tissues after 

birth play a pivotal role in shaping the 

development of the host immune system"

Ash & Mueller, Science 2016;352:531



The Microbiome in Early Life*

• The human is a "majority microbial superorganism”

• Proper seeding of the microbiome at birth is essential for protection 
from type 1 diabetes and from infectious diseases

• Urgent need to protect microbiota from environmental hazards 

*RR Dietert, Birth Defects Research Part B: Developmental and
Reproductive Toxicology 101(4), 333-340, Aug. 2014



Frontiers in Microbiology, 1 July 2016|Volume7 



Microbiota of the breastfed infant

Lactobacillus Bifidobacterium



 
Breastfed infant



 
Formula-fed infant









Gut Microbes Protect from
Food Allergies*

• 18% increase in food allergies among children in the United 
States between 1997 and 2007
– Life-threatening anaphylactic response to foods 

• Antibiotic treatments can disrupt gut bacteria

• Mucosa-associated Clostridia protect from food allergies
– Regulate epithelial permeability to food allergens 

• Clostridia probiotics may work as treatment plan  



Disrupted Gut Bacteria Lead to Obesity*

*LM Cox et al., Cell 158, 705–721, August 14, 2014 



Antibiotics Cause Obesity*

• Obese and lean humans differ in microbiota

• In humans, antibiotics early in life are associated with
increased risk of being overweight later in childhood

• Antibiotics are used in farm animals to promote growth

*LM Cox et al., Cell 158, 705–721, August 14, 2014. 



Association of Antibiotics in Infancy With Early 
Childhood Obesity*

• 69% of children were exposed to antibiotics before end of first 
year

• This increase was associated with increased risk to obesity, 
with broad spectrum antibiotics having a more significant role

• Asthma and wheezing also predicted obesity

*L. Charles Bailey et al., JAMA Pediatr. Published online September 29, 2014



Deshpande G, Rao S and Patole S:

Updated  Meta-analysis of Probiotics for Preventing 

Necrotizing Enterocolitis in Preterm Neonates 

Pediatrics 2010; 125:921-930

11 RCT analyzed, N=2176 infants

(4 RCT had NEC or NEC and death as primary outcomes)



Copyright ©2010 American Academy of Pediatrics

Deshpande, G. et al. Pediatrics 2010;125:921-930

Effect of probiotics on NEC



Copyright ©2010 American Academy of Pediatrics

Deshpande, G. et al. Pediatrics 2010;125:921-930

Effect of probiotics on all-cause mortality



ACCUMULO DI SOSTANZE PROVENIENTI DAL 
METABOLISMO BATTERICO INTESTINALE

PERDITA DELLA CAPACITÀ DEPURATIVA DEI RENI

NECESSITÀ DI UN TRATTAMENTO 
SOSTITUTIVO

ACCUMULO DI SOSTANZE PROVENIENTI DAL 
METABOLISMO UMANO

L’asse intestino-rene nella MRC



MALATTIA RENALE CRONICA (MRC): 

CARATTERISTICHE 

• Alterazione dell’omeostasi proteica ed energetica

• Aumentato catabolismo proteico

• Squilibrio acido-base

• Disfunzioni ormonali

• L’assorbimento gastrointestinale dei nutrienti diventa anomalo, a causa dell’uremia che 

distrugge l’integrità della barriera intestinale

• Soprattutto nelle fasi avanzate di MRC, si assiste spesso a perdita di tessuto muscolare ed 

adiposo, con instaurarsi di uno stato di malnutrizione proteico-calorica (PEW)

Nutritional Management of Chronic Kidney Disease. Kalantar-Zadeh K, Fouque D. N Engl J Med. 2017



1. Restrizione  proteica, più stringente nelle fasi più avanzate (0.8 – 0.6 fino a 0.3 g/kg)

2. Restrizione sodio 

3. Restrizione potassio in caso di iperkalemia e nella MRC avanzata

4. Restrizione fosforo, soprattutto come additivo

5. Elevato intake calorico in associazione a restrizione proteica per prevenire PEW

6. Supplementazione con vit.D in caso di carenza

7. Necessità di supplementazione o adeguamento nutrizionale per frequenti carenze di Fe, Zn, Cu, Se

Nutritional Management of Chronic Kidney Disease. Kalantar-Zadeh K, Fouque D. N Engl J Med. 2017

I CARDINI DELLA TERAPIA 

DIETETICO-NUTRIZIONALE NELLA 

MRC



Nutritional Management of Chronic Kidney Disease. Kalantar-Zadeh K, Fouque D. N Engl J Med. 2017

I BENEFICI COMBINATI DELLA DIETA IPOPROTEICA ED IPOSODICA SULLA PROGRESSIONE 

DELLA MRC



Ramezani et al. Role of the Gut Microbiome in Uremia: A Potential Therapeutic Target- AJKD, 2016

Uremia, dieta e disbiosi del microbiota



L’insieme dei batteri che colonizzano il nostro intestino 

è definito 

MICROBIOTA

Digestione di alcuni alimenti

Assorbimento di nutrimenti

Sistema immunitario

Mantenimento di uno stato di benessere 

generale

Produzione di metaboliti 

potenzialmente tossici

Il microbiota intestinale 



Besides indoxyl still other putrefaction products of the

intestine may increase in the blood in renal insufficency (sic).

They are phenoles, cresoles, aromatic oxyacids, and other

aromatic substances.

1929

THE IMPORTANCE OF UREMIC TOXINS



The classification of uremic toxins

Small water-soluble solutes   Protein-binding solutes      Intermediate molecules

Asymmetric dimethylarginine 3-Deoxyglucosone Adrenomedullin
Benzylalcohol CMPF* Atrial natriuretic peptide
ß-Guanidinopropionic acid Fructoselysine ß2-Microglobulin
ß-Lipotropin Glyoxal ß-Endorphin

Creatinine Hippuric acid Cholecystokinin
Cytidine Homocysteine Clara cell protein
Guanidine Hydroquinone Complement factor D
Guanidinoacetic acid Indole-3-acetic acid Cystatin C
Guanidinosuccinic acid Indoxyl sulfate Degranulation inhibiting protein I
Hypoxanthine Kinurenine Delta-sleep-inducing peptide
Malondialdehyde Kynurenic acid Endothelin
Methylguanidine Methylglyoxal Hyaluronic acid
Myoinositol N-carboxymethyllysine Interleukin 1ß 
Orotic acid P-cresol Interleukin 6
Orotidine Pentosidine Kappa-Ig light chain
Oxalate Phenol Lambda-Ig light chain
Pseudouridine P-OHhippuric acid Leptin
Symmetric dimethylarginine Quinolinic acid Methionine-enkepahlin
Urea Spermidine Neuropeptide Y
Uric acid Spermine Parathyroid hormone
Xanthine Retinol binding protein
*CMPF is carboxy-methyl-propyl-furanpropionic acid Tumor necrosis factor alpha

Vanholder R. et al., Kidney Int 2003



Seminars in Dialysis 2013



A total of 190 bacterial OTUs were increased in 
patients with ESRD, including some from the 
major bacterial phyla Firmicutes (especially 
subphylum Clostridia), Actinobacteria, and 
Proteobacteria (primarily 
Gammaproteobacteria).
These phyla are also associated with other 
chronic and common diseases. 



ESRD significantly modifies the composition of
gut microbiome in humans

The presence of an equally significant difference in the
intestinal microbial flora between the uremic and control
rats, which were otherwise identical, helped to
substantiate the impact of uremia per se on the
composition of the gut microbial flora

chronic renal 
failure rats

Healthy 
controls





ANALYZED

ENROLLED 90 pt (45 P and 45 NP) and 45 healthy controls

32 IgAN patients (16 P and 16 NP)  and 16 healthy controls

RESULTS

IgA Nephropathy and Microbiome



disbiosi

LO STATO DEL MICROBIOTA NELLA CKD

Ramezani et al. The Gut Microbiome, Kidney Disease, and Targeted Interventions - JASN 2014



Il microbiota disbiotico nella CKD: 
una bomba tossica

Ramezani et al. Role of the Gut Microbiome in Uremia: A Potential Therapeutic Target- AJKD, 2016



Il microbiota interagisce con l’organismo attraverso i suoi metaboliti

Fermentazione 
saccarolitica

Putrefazione
proteolitica

I microorganismi intestinali non sono ospiti passivi, ma dirigono alcune funzioni fisiologiche dell’uomo
il microbiota produce sostanze che non agiscono solo localmente, ma possono essere assorbite dal 
circolo ed influenzare salute e funzione di organi anche lontani



Gli acidi grassi a catena corta SCFA

Toward the comprehensive understanding of the gut ecosystem via metabolomics-based integrated omics approach, Wanping et al. Semin Immunopathol 2014
Building a Beneficial Microbiome from Birth. Castanys-Muñoz E et al. Adv Nutr. 2016 

Derivati dalla fermentazione 
saccarolitica: acetato, propionato, butirrato 

• Azione trofica per l’epitelio colon
• Azione endocrina a livello locale e sistemico (omeostasi 

glicidica e lipidica)



Sun M et al. Microbiota metabolite short chain fatty acids, GPCR, and inflammatory bowel diseases, J Gastroenterol 2016

Gli SCFA regolano l’immunità
a livello intestinale

• Effetto antinfiammatorio tramite il signaling di GPR43 nelle cellule immuni (es. 
neutrofili)

• Induzione epigenetica del differenziamento di linfociti Treg: soppressione risposta
immune ed allergica, locale e sistemica

• Upregolazione della funzione di barriera intestinale: azione antinfiammatoria
sistemica



Le tossine prodotte dal microbiota: pCS, IS, TMAO

• Colina
• Fosfatidilcolina
• Carnitina

Toward the comprehensive understanding of the gut ecosystem via metabolomics-based integrated omics approach, Wanping et al. Semin Immunopathol 2014



Ramezani et al. Role of the Gut Microbiome in Uremia: A Potential Therapeutic Target- AJKD, 2016

Uremia, dieta e disbiosi del microbiota



Il microbiota: un fattore di rischio modificabile non tradizionale



1. Potere alcalinizzante: bicarbonati

Cupisti et al. Non‐Traditional Aspects of Renal Diets Focus on Fiber, Alkali and Vitamin K1 Intake – Nutrients 2017

PRAL Potential Renal Acid Load, NEAP Net Endogenous Acid Production

I benefici di fibra + restrizione proteica nella CKD



2. Bassa biodisponibilità fosfato (fitati)

I benefici di fibra + restrizione proteica nella CKD



3. Contrasto disbiosi intestinale

Ramnani et al. Prebiotic effect of fruit and vegetable shots containing Jerusalem artichoke inulin: a human intervention study - British Journal of Nutrition 2010
De Angelis et al. Effect of Whole-Grain Barley on the Human Fecal Microbiota and Metabolome – AEM 2015

I benefici di fibra + restrizione proteica nella CKD



4. Aumento SCFA e riduzione permeabilità 
intestinale

Russo et al. Inulin-enriched pasta improves intestinal permeability and modifies the circulating levels of zonulin and glucagon-like peptide 2 in healthy young volunteers – Nutrition Research 2012
De Angelis et al. Effect of Whole-Grain Barley on the Human Fecal Microbiota and Metabolome – AEM 2015

I benefici di fibra + restrizione proteica nella CKD



5. Riduzione tossine uremiche

Mejiers et al. - p-Cresyl sulfate serum concentrations in haemodialysis patients are reduced by the prebiotic oligofructose-enriched inulin – NDT 2010
Nakabayashi et al - Effects of synbiotic treatment on serum level of p-cresol in haemodialysis patients a preliminary study – NDT 2011
Di Iorio et al. - Very Low Protein Diet Reduces Indoxyl Sulfate Levels in Chronic Kidney Disease – Blood Purif 2013
Cosola et al. - Beta-Glucans Supplementation Associates with Reduction in P-Cresyl Sulfate Levels and Improved Endothelial Vascular Reactivity in Healthy Individuals – PlosONE 2017

I benefici di fibra + restrizione proteica nella CKD



6. Aumento transito: effetto benefico su riduzione 
composti azotati e creatinina

Bliss et al. Supplementation with gum arabic fiber increases fecal nitrogen excretion and lowers serum urea nitrogen concentration in chronic renal failure patients consuming a low-protein diet – Am J Clin
Nutr 1996
Salmean et al. Foods With Added Fiber Lower Serum Creatinine Levels in Patients With Chronic Kidney Disease – J Renal Nutr 2013

I benefici di fibra + restrizione proteica nella CKD



Costipazione e CKD

“Constipation status and severity
associate with higher risk of
incident CKD and ESRD and with
progressive eGFR decline,
independent of known risk
factors”



Seminars in Dialysis 2013

«It is generally accepted that the most
important regulator of bacterial metabolism,
besides colonic transit time, is nutrient
availability and especially the ratio of available
carbohydrate to nitrogen”



Dieta Mediterranea e Dieta
Fortemente Ipoproteica con alfa-
KA riducono le tossine uremiche

intestinali

-36%

-69%

-38%

-58%



1. Potere alcalinizzante: apporto bicarbonati

2. Bassa biodisponibilità fosfato (fitati)

3. Contrasto disbiosi intestinale

4. Aumento SCFA e riduzione permeabilità intestinale

5. Riduzione tossine uremiche

6. Miglioramento transito intestinale: effetto benefico su 
riduzione composti azotati e creatinina

Cosola et al – PlosONE 2017
Cupisti et al – Nutrients 2017
Di Iorio et al – NDT 2017 
De Angelis et al – AEM 2015
Di Iorio et al  – Blood Purif 2013
Salmean et al – J Renal Nutr 2013
Russo et al – Nutrition Research 2012
Nakabayashi et al – NDT 2011
Mejiers et al – NDT 2010
Ramnani et al - British Journal of Nutrition 2010
Bliss et al – Am J Clin Nutr 1996

I benefici di fibra + restrizione proteica nella CKD



1. Restrizione proteica
2. Restrizione sale
3. Apporto fibra solubile

Gestione nutrizionale della MRC: focus su proteine, sale e fibre

Microbiota metabolites: Pivotal players of cardiovascular damage in chronic kidney disease. Cosola C, Rocchetti MT, Cupisti A, Gesualdo L. Pharmacol Res. 2018



Microbiota metabolites: Pivotal players of cardiovascular damage in chronic kidney disease. Cosola C, Rocchetti MT, Cupisti A, Gesualdo L. Pharmacol Res. 2018

“The nutritional management of CKD should be redesigned and include the new findings from research on the intrinsic plasticity 
of the microbiota and its metabolites in response to food intake. The need is felt to integrate the classical salt and protein 
restriction approach for CKD patients with foods that enhance intestinal wellness”



Cosola et al. Microbiota Issue In CKD: How Promising Are Gut-targeted Approaches? Journal of Nephrology 2018 

GUT-BRAIN AXIS IN CKD





RENE ED INVECCHIAMENTO

• Inflammaging
• Declino della funzione renale in una percentuale rilevante della popolazione, anche a 

causa dell’aumentata incidenza di ipertensione e diabete
• Disbiosi del microbiota, con perdita di ricchezza e diversità di specie
• Riduzione della produzione renale di Klotho

Inflammageing: chronic inflammation in ageing, cardiovascular disease, and 
frailty. Ferrucci L, Fabbri E. Nat Rev Cardiol. 2018 
Molecular mechanisms of renal aging. Schmitt et al. Kidney Int. 2017 
Gut Microbial Changes, Interactions, and Their Implications on Human Lifecycle: 
An Ageing Perspective. Vemuri et al. Biomed Res Int. 2018 
Klotho, phosphate and inflammation/ageing in chronic kidney disease. Izquierdo
et al. Nephrol Dial Transplant. 2012



Inflammaging

Inflammaging

Post-operative stress, inflammation,  

antibody mediated Rejection, 

Nephropathies, Diabetes

Ferenbach, D. A. Nat. Rev. Nephrol. 11 (2015)



KLOTHO: una molecola anti-aging

• Proteina anti-senescenza
• Prodotta principalmente nel rene e secreta nel 

sangue
• I suoi livelli correlano con la funzione renale
• Altre funzioni: protezione del sistema 

cardiovascolare e nervoso centrale, regolazione 
dell’omeostasi elettrolitica, dell’infiammazione 
e dello stress ossidativo

• IS e PCS prodotte dal microbiota riducono la 
produzione renale di Klotho Klotho, the Holy Grail of the kidney: from salt sensitivity to chronic kidney disease. 

Kalaitzidis et al. Int Urol Nephrol 2016
Klotho, phosphate and inflammation/ageing in chronic kidney disease. Izquierdo et al. 
Nephrol Dial Transplant. 2012
Suppression of Klotho expression by protein-bound uremic toxins is associated with 
increased DNA methyltransferase expression and DNA hypermethylation. Sun et al. 
Kidney Int. 2012



AGING, CKD AND MICROBIOTA: ARE THEY CONNECTED?

MICROBIOTA

AGING

RENE

KLOTHO

Tossine uremiche



Complement is bad for aging

Complement system, a critical pillor of innate immunity, leads to aging-related diseases such as Alzheimer 
disease, or Age-Related Macular Degeneration (AMD)

Nancy R. Gough, Science Signaling 2012) (Naito AT et al. Cell. (2012) (Flight, Monica Hoyos, Avoiding bad complement in Alzheimer’s disease, Nature Reviews Neuroscience, 2009) (Gemenetzi, M, Eye, 2015) (Liu F, J 
Neurovirol. 2014)(Pelchen-Matthews A, AIDS 2018). 



• CKD is defined by the persistence of kidney disease for a period of >90 day;

• AKD describes acute or subacute damage and/or loss of kidney function for a duration of between 7 and
90 days after exposure to an AKI initiating event;

• Patients who suffer AKD with pre-existing CKD are probably at high-risk of kidney disease progression

Adapted from Chawla, L. S. et al. Nat. Rev. Nephrol. 2017

AKI and CKD are not separate entities:  
a continuum of disease



Klotho modulation in AKI

T0 T24

Castellano G, Intini A  et al. Am J Transplant. 2016



C5a induced premature senescence in Tubular

Epithelial Cells

Basal C5a 3h+24h C5a 3h+48h

n=3, *p<0.05, t-test
Castellano G, et al.  Manuscript in preparation



n=3, * *p<0,001, *p<0,05  vs basal, t-test
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DNA methylation

FS. Peters, Clinical Potential of DNA Methylation in Organ Transplantation, Journal of Heart and Lung Transplantation, 2016

L. Heylen, The Emerging Role of DNA Methylation in Kidney Transplantation: A Perspective,  AJT 2016

↑↑↑↑ METHYLATION: 

↓↓↓ METHYLATION: 



C5a induces significant alterations in methylation profile

•HYPERMETHYLATION of 24 
sites

•HYPOMETHYLATION of 144 
sites



Histone Acetylation and Its Modifiers in the Pathogenesis of Diabetic Nephropathy
Xiaoxia Li et al 2016



FUTURE GOALS:

EPIGENETIC CHANGES 
and 

RENAL PROGRAMMING

• Epigenetic modification as diagnostic tools in detection of renal
impairment increased risk

• Epigenetic modification as target of epigenetic-based therapy



Birth Practices in Modern Society are 
Changing the Course of Human Disease

• Autism
• Celiac Disease
• Type I Diabetes
• Asthma
• Obesity

http://microbirth.com/
http://biomeonboardawareness.com/microbirth-every-parent-needs-to-view/



Intestino, rene e dieta nella malattia renale cronica



Grazie per 

l’attenzione!

Feed your

microbiota


