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SARCOPENIA: a complex MULTIFACTORIAL Syndrome
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OVERWEIGHT and OBESITY

“Chronic conditions characterized by abnormal-excess
fat accumulation leading to excess morbidity” (WHO)

Clinical = BMI > 30 kg/m2



A PERFECT MUSCLE METABOLIC STORM

INFLAMMATIONOX STRESS

OBESITY per se

PROTEIN 

DEGRADATION

+

INSULIN 

RESISTANCE

+MASS
FUNCTION

DEGRADATION



A PERFECT MUSCLE METABOLIC STORM
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A PERFECT MUSCLE METABOLIC STORM

INFLAMMATIONOX STRESS
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-Deficiencies

PROTEIN 

THERAPEUTIC WEIGHT LOSS 
BARIATRIC SURGERY
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OBESITY

ABDOMINAL 

OBESITY

OR 1,74

OR 1,67

Garcia-Esquina et al, Obesity 2015

FRAILTY

WT LOSS

AGING

Garcia-Esquina et al, Obesity 2015

WEAKNESS

WT LOSS

EXHAUSTION

INACTIVITY

SLOWNESS



Increased frailty in obese individuals with 

lower muscle mass

Baumgartner et al, Ob Res 2004 



Beyond BMI

BODY COMPOSITION
Low Lean Mass and Lean Mass loss predict mortality in 

OBESE CANCER patients

Prado et al, Lancet Oncol 2008 Prado et al, Am J Clin Nutr 2013



AWARENESS!!

Malnutrition!!Malnutrition!!





MUSCLE MASS

MUSCLE STRENGTH

Mijnarends et al, JAMDA 2013
MUSCLE PERFORMANCE



ESPEN suggestion for diagnostic criteria for malnutrition

Step 2. Diagnosis is confirmed by

• BMI <18.5 kg/m2

Step 1. Risk screening by a validated instrument , e.g. 

NRS-2002, MUST, MNA(-SF), SNAQ,  ...

i.e. BMI, Weight loss, Reduced food intake, Disease severity 

• BMI <18.5 kg/m2

or

• Weight loss >10% (indefinite time)/>5% last 3 mo

combined with either

• BMI <20 (<70 y)/<22 (>70 y) or

• FFMI <15 and 17 kg/m2 in women and men, respect.

Cederholm et al Clin Nutr 2015



Global Leadership Initiative in 

Malnutrition 
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ALGORYTHM FOR MALNUTRITION DIAGNOSIS

At risk for Malnutrition

• Use validated screening tools

Assessment Criteria

• Phenotype

o Weight loss

↓BMI (underweight)

Screening

Diagnosis
o ↓BMI (underweight)

o ↓ Muscle Mass

• Etiology

o ↓ Food intake (or absorption)

o ↑ Inflammation - Disease

AT LEAST

• 1 Phenotype Criterion 

AND

• 1 Etiology Criterion

YES



Cut-Offs and SURROGATES:

THE FINAL HURDLE?

•↓ MUSCLE MASS
E.G: fat free mass index (FFMI, kg/m2) by DEXA or BIA, CT, MRI.

Ethnicity adaptation NEEDED

ALTERNATIVES: when not available or by regional preference:

- physical exam

- standard anthropometric measures- standard anthropometric measures

- functional assessments (e.g. hand-grip strength) may be considered

as a SUPPORTIVE measure.

**Acute disease/injury-related with severe inflammation.

E.G: major infection, burns, trauma or closed head injury

***Chronic disease-related with chronic or recurrent mild to

moderate inflammation.

E.G:: malignant disease, COPD, CHF, CKD or any disease with chronic

or recurrent Inflammation.

C-reactive protein may be used as a supportive laboratory measure.



INTEGRATED OBESITY PERSPECTIVE

CLINICAL approach

SARCOPENIC OBESITY

INTEGRATED OBESITY PERSPECTIVE

DISABILITY



OBESITY
COMPLICATIONS

COMORBIDITIES

+

THERAPEUTIC WEIGHT LOSS

BARIATRIC SURGERY

ESPEN-EASO Position paper

Sarcopenic Obesity: Time to meet the challenge

Barazzoni et al, Clin Nutr in press 2018



TREATMENT: multimodal approach

- NUTRITION

- EXERCISE (PA)- EXERCISE (PA)

- HORMONAL - PHARMACOLOGICAL

LITTLE DATA FUCUSING on 

OBESE-SARCOPENIC OBESE INDIVIDUALS!!



A PERFECT METABOLIC STORM

INFLAMMATIONOX STRESS

OBESITY!!
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PROTEIN 

DEGRADATION

NUTRITION QUANTITY
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↑PROTEIN ?



Taku et al, Am J Clin Nutr 2007

>1.2 g/kg·day

INCREASING PROTEIN INTAKE
(gr / kg BW · day OR PERCENT energy/day)

- ↑PHYSICAL 

FUNCTION- ↑MUSCLE STRENGTH

- ↑LEAN MASS
- ↓SARCOPENIA

Beasley et al, J Am Geriatr Soc 2013; Farsijani et al, Am J Clin Nutr 2016; 

Chorong et al, Nutrition 2016; Isanejad et al, Br J Nutr 2016  



1-1.2
Clin Nutr 2015

HEALTHY OLDER ADULTS

1-1.2 g/kg · day

Clin Nutr 2015

CHRONIC KIDNEY DISEASE

HEMODIALYSIS – PERITONEAL DIALYSIS

Cano et al, Clin Nutr 2009

ESPEN GLs: 1,2-1,4 g/kg BW



Intervention for MUSCLE maintenance

↑ PROTEIN

LOW-CALORIE DIET

Wycherley et al, Am J Clin Nutr 2012

↑ PROTEIN



PROTEIN: Very High-Protein

NUTRITIONAL SUPPORT

GUIDELINES INTENSIVE CARE 
(ASPEN)

OBESITY + DISEASE

PROTEIN: Very High-Protein

McClave et al, JPEN 2016

BMI < 40: 2 g/kg IBW

BMI > 40: 2.5 g/kg IBW



NUTRITIONAL SUPPORT
CALORIE

- DO NOT OVERFEED

GUIDELINES INTENSIVE CARE 
(ASPEN)

OBESITY + DISEASE

- DO NOT OVERFEED

- PROVIDE ADEQUATE CALORIES

- PREVENT METABOLIC COMPLICATIONS

PERMISSIVE UNDERFEEDING (65-70%)

McClave et al, JPEN 2016

BMI < 50: 11-14 kcal/kg actual BW
BMI > 50: 22-25 kcal/kg IBW



«GENERAL» OBESITY GUIDELINES ?



IF SEEKING WEIGHT LOSS :

-Preserve MUSCLE MASS           

(↑protein, exercise)

SARCOPENIC OBESITY

Porter Starr et al, J Gerontol Med Sci 2016



High-Protein Diet

SAFETY - FEASIBILITYSAFETY - FEASIBILITY



Protein and

Chronic Kidney Disease

Higher Protein intake NOT indicated in elderly individuals if GFR<30
Bauer et al, JAMDA 2013

OBESITY ?



Excess Plasma AMINO ACIDS  predict 

INSULIN RESISTANCE and DIABETES

Protein and

Chronic Metabolic Complications

RISK-BENEFIT

Guasch-Ferre et al, Diabetes Care 2016

Smith et al, Diabetes 2015

RISK-BENEFIT

evaluation
(statins)



Protein QUALITY

Animal/Vegetable

DIAAS Digestible Indispensable AA Score



Taku et al, Am J Clin Nutr 2007



Community

Self

Influences on Food Choices

Knowledge

Cost-Access

Convenience

Eating PATTERNS

100 gr LEGUMES: 30-40 (Dry!)

100 gr FISH:    15-18

100 gr DAIRY: 20-25

100 gr MEAT:  25-30 gr Protein

Macro Environment

Community

(school, work)

Macro Environment

(public policies, media, industry, technology, transportation)



NUTRITION QUALITY

INFLAMMATIONOX STRESS

OXIDANT↑ ANTI-OXIDANT

+

INSULIN 

RESISTANCE

+
PRO-INFLAMMATORY

↑ ANTI-

INFLAMMATORY



Kelaiditis et al, Osteoporosis Int 2016

Eur J Nutr. 2017 Mar 16. doi: 10.1007/s00394-017-1422-2. Association of 

the Baltic Sea and Mediterranean diets with indices of sarcopenia in 

elderly women, OSPTRE-FPS study. Isanejad M1,2, Sirola J3,4, Mursu J5, 

Rikkonen T3, Kröger H3,4, Tuppurainen M6, Erkkilä AT5.

Kelaiditis et al, Osteoporosis Int 2016



NUTRACEUTICALS
overcome-reduce anabolic resistance!

ANABOLIC SUBSTRATES 

ANTIINFLAMMATORY 

ANTIOXIDANTS



Anabolic effects of Leucine Metabolite

Hydroxy-Methyl Butyrate (HMB)

↑ Prot SYNTHESIS ↓ Prot DEGRADATION

ESSENTIAL AMINO ACIDS and METABOLITES 
(Leucine: HYDROXY-METHYL BUTYRATE)

Berton et al, PLoS One 2015Deutz et al, Clin Nutr 2013

AGING



VITAMIN D

Endocrinology 2013

Nutr Metab 2014



Verreijen et al, AJCN 2015

COMBINED SUPPLEMENTATIONS

Rondanelli et al, Am J Clin Nutr 2016

- «FAST» protein
- Essential-BCAA
- Hydroxy-Methyl-Butirate (HMB)

- Vitamin D

↑ EFFECTIVENESS



NUTRACEUTICALS
PROTEINCALORIE

GLUCOSE - FAT

NO STRONG DATA FUCUSING on 
NUTRITION

NO STRONG DATA FUCUSING on 

OBESE-SARCOPENIC OBESE 

INDIVIDUALS!!



1) SARCOPENIC OBESITY is potentially a major clinical and

prognostic feature in the heterogeneous and growing

obese patient population;

2) A large body of work is needed to increase AWARENESS

and improve its clinical DEFINITION;

3) Nutrition should be a therapeutic cornerstone both in

prevention and treatment of low muscle mass and

Conclusions

prevention and treatment of low muscle mass and

function; quality of DIETARY PATTERNS and adequate

PROTEIN INTAKE appear to be key nutritional tools;

4) A number of nutritional-nutraceutical supplements could

play beneficial therapeutic roles including ESSENTIAL and

BC AMINO ACIDS, N-3 PUFA, VITAMIN D and

ANTIOXIDANTS;

5) A large effort in high-quality CLINICAL RESEARCH will be

mandatory to define optimal nutritional treatment tools in

obese and sarcopenic obese individuals



Thank you for 
your 
attention


