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Objectives: 

• Describe the features of Malnutrition, Sarcopenia and Frailty and 
overlap between these conditions

• Review the screening, assessment and diagnosis of Malnutrition, 
Sarcopenia and Frailty

• Highlight intervention opportunities to break the cycle



Starting at 10,000 ft

• Malnutrition, Sarcopenia and Frailty are interrelated conditions 
that form a synergistic triad which contributes to functional 
decline, morbidity and mortality

• Understanding the relationship between these conditions inform 
detection, prevention and treatment of these conditions

• The cycle of Malnutrition > Sarcopenia > Frailty can be broken 
through timely recognition and targeted action



Condition Malnutrition Sarcopenia Frailty Cachexia
Cause Inadequate 

nutrient intake
Aging, inactivity, 
malnutrition

Accumulation of 
deficits

Coexisting disease 
such as cancer, 
advanced chronic 
illness

Key Deficit Protein, Energy, N3 
FAs
micronutrients

Muscle mass and 
strength/function

Physiologic reserve Weight loss, 
Muscle, adipose 
loss

Assessment GLIM, MNA, SGA EWGSOP2 Criteria, 
grip strength, 
DEXA, CT, US, GLIM

Fried Frailty 
Phenotype, Clinical 
Frail Scale, Frailty 
index

Include 
assessment of 
inflammation

Overlap Can cause or result 
from sarcopenia or 
frailty

Often due to 
malnutrition, 
worsens frailty

May include 
elements of 
malnutrition and 
sarcopenia

Always associated 
with Malnutrition, 
sarcopenia and 
accompanied by 
frailty



Malnutrition
↓ energy
↓ protein            

Sarcopenia
↓ muscle mass

↓ strength

Frailty
↓ resilience

↑ vulnerability



Prado et al. Clin Nutr. 2022;41:2244-2263



Malnutrition

• Malnutrition is the result of nutritional intake or absorption or 
digestion that is inadequate to support physiologic requirements

• Several factors can contribute to malnutrition including 
inadequate intake, physical and anatomic barriers, physiologic 
and psychological and socio-environmental causes

• Evidence based guidelines support the use of a variety of 
screening tools and strategies for diagnosis 



GLIM approach to diagnosis of malnutrition

Prado et al. JPEN J Parenter Enteral Nutr 2023;47 Suppl 1:S54-S68.



Guidance for assessment of the muscle mass phenotypic criterion for the Global Leadership Initiative on 

Malnutrition diagnosis of malnutrition

J Parenter Enteral Nutr, Volume: 46, Issue: 6, Pages: 1232-1242, First published: 19 April 2022, DOI: (10.1002/jpen.2366) 



Malnutrition: Scaling Best Nutrition Care Practices
Keller H, Koechl JM, Laur C, et al. More-2-Eat implementation demonstrates that screening, assessment and treatment of malnourished patients can be spread and sustained 
in acute care; a multi-site, pretest post-test time series study. Clin Nutr. 2021;40(4):2100-2108.



More-2-Eat implementation demonstrates that screening, assessment and 
treatment of malnourished patients can be spread and sustained in acute care; a 
multi-site, pretest post-test time series study.
Clin Nutr. 2021;40(4):2100-2108.



Is Malnutrition Screening Done?

• Unlike frailty, malnutrition screening is routinely done in many 
healthcare settings, particularly:

• Hospitals
• Long-term care facilities
• Some primary-care and community programs
• However, the consistency and quality of screening vary between 

regions and institutions
• Scale of screening requires a tailored, implementation science – 

based approach



Sarcopenia

• Age-associated loss of skeletal muscle and function
• Life long process
• Complex multifactorial etiology
• Effects of inactivity (bedrest in particular)  may mimic sarcopenia
• From 20 to 80 years there is a 30%  reduction in muscle mass with 

decline in muscle fiber number and size



Prado et al. JPEN 2023;47 Suppl 1:S54-S68
Prado et al. JPEN J Parenter Enteral Nutr 2023;47 Suppl 1:S54-S68.

Assessing 
Lean Tissue: 
Sarcopenia



Prado et al. Clin Nutr. 2022; 41:2244-2263.



Is Sarcopenia Routinely Screened for?

•  Not routinely screened for in most healthcare systems —
but recommended in at-risk groups (especially older adults, 
people with chronic illness, or those who are malnourished or 
frail).

• Unlike malnutrition or frailty, sarcopenia screening is not yet 
standard practice outside of research, geriatrics, and 
rehabilitation settings.



Frailty

• A state of increased vulnerability resulting from age-associated 
declines in reserve and function across multiple physiological 
systems, such that the ability to cope with everyday or acute 
stressors is compromised Fried et all 2001

• Models:
• Phenotypic (Fried)
• Cumulative deficit model (Frailty Index) (Rockwood and Mitniski)
• Clinical Frailty Score (CFS)



Frailty

Key Characteristics
• Reduced strength and endurance
• Slowed motor performance
• Unintentional weight loss
• Exhaustion or low energy
• Decreased physical activity
• Impaired balance and mobility
• Cognitive psychoses and decline

Causes and Contributing Factors
• Biological aging
• Chronic inflammation
• Hormonal dysregulation
• Sarcopenia (loss of muscle mass 

and strength)
• Nutritional deficiencies
• Comorbidities (e.g., 

cardiovascular disease, 
diabetes)

• Cognitive decline or depression



Models of Frailty



Is Screening  for Frailty Routinely Done?

•  Recommended by most geriatric and public health authorities.

•  Implemented routinely in only a few healthcare systems (notably the UK).

•  Not yet universal — often opportunistic rather than systematic.

screening is recommended, but not yet universally routine in most health systems.

Many guidelines now encourage frailty assessment, especially for older adults, but implementation varies 
widely.

In practice, frailty screening tends to occur in specific contexts — e.g., before surgery, during hospital 
admissions, or in primary care for elderly or multimorbid patients.



Cachexia

• Cachexia is a metabolic condition that is always associated with 
underlying illness and inflammation, 

• Characterized by loss of skeletal muscle and body weight
• Nutrition interventions have shown limited success in preserving fat 

but not muscle mass.
• Accelerated or exaggerated loss of skeletal muscle distinguishes 

cachexia from weight loss that is solely due to reduced energy intake
• TNF and interferon gamma reduce expression of myosin impacting 

protein degradation and synthesis
• Associated with reduction in circulating anabolic hormones 

Testosterone, IGF1 sensitivity



SELECTED RISK FACTORS LEADING TO muscle wasting

Prado et al. Clin Nutr. 2022; 41:2244-2263.



Clinical Implications of
 Malnutrition, Sarcopenia and Frailty
• Increased risk of falls
• Hospitalization and institutionalization
• Disability and dependence
• Poor hospital outcomes including increased length of stay, 

complications, readmissions
• Mortality



Skeletal Muscle – A critical organ for recovery
Matthew J. Lees, Carla M. Prado, Paul E. Wischmeyer, Stuart M. Phillips. Skeletal Muscle: A Critical Organ for Survival and Recovery in Critical Illness,Critical Care Clinics,2025



Unravelling Complexity in Sarcopenia
Ceyhan AB, ett al. Int J Molec Scie 2025,26,8527



Gonzalez, Cruz-Jentoff, Phillips, Prado. Curr Opin Clin Nutr Metab Care. 2024; 27:523–526 
Bozetti. Curr Opin Clin Nutr Metab Care. 2024;27(5)

Muscle loss: one size does not fit all?



Muscle’s Widely Recognized Yet Frequently Overlooked Roles

Prado, Phillips, Gonzalez, Heymsfield. Lancet Diabetes Endocrinol. 2024;12(11):785-787. BNDF: Brain-Derived Neurotrophic Factor



Clinical consequences of low muscle mass

Gonzalez, Cruz-Jentoff, Phillips, Prado. Curr Opin Clin Nutr Metab Care. 2024; 27:523–526 



Management and Prevention:
 Malnutrition, Sarcopenia, Frailty

Break the cycle
• Multidisciplinary approach – include medical, physical and 

psychosocial interventions (frailty)
• Start with Screening
• Exercise: resistance and balance training
• Nutrition: Adequate protein and vitamin D; pay attention to oral 

intake and psychosocial impacts on nutrient intake
• Medication review – minimize poly pharmacy
• Social Support and cognitive engagement



Lee at al. Osteoporosis & Sarcopenia, 2021, v.7 Suppl 1:S19-S27

LOW MUSCLE MASS & MORTALITY - pooled hazard ratio

Study group Overall (HR [95% CI]); I2

Older adults 1.41 [1.30, 1.53]; 0%
Cancer 1.69 [1.56, 1.83]; 63%
Cardiovascular disease 1.85 [1.32, 2.59]; 30%
Hepatic disease 2.43 [1.72, 3.44]; 61%
Respiratory disease 2.82 [2.02, 3.94]; 0%
Renal disease 1.65 [1.38, 1.98]; 47%
Other diseases 2.09 [1.24, 3.51]; 85%
In general 1.74 [1.63, 1.85]; 63%

Meta-analysis
N= 68 studies
34 countries



Aging

Hormonal changes/ 

Imbalances

Altered energy expenditure

Low dietary intake

Inactivity

Inflammation

Energy needs
25-30 kcal/d

Protein
1.2-2.0 g/kg/d

AAs and derivatives
Leucine: 2 g/d; HMB: 3 g/d; 

Glutamine: 0.3g/kg/d; Carnitine: 

4-6 g/d; Creatine: 0.03-0.5g/kg/d

Fish oil/EPA
2.0-2.2 g/d EPA

1.5 g/d DHA

Vitamins/minerals
800-1000 IU/d

+multivitamin/mineral

Multimodal interventions
Nutrition, exercise, pharmaceutical, 

psychosocial

Prado, Purcell & Laviano. J Cachexia Sarcopenia Muscle. 2020;11(2):366-380.

Breaking the Cycle



Prado et al. J Cachexia Sarcopenia Muscle. 2021;12(1):3-8

Nutrients & Ingredients under Consideration for the Treatment of low muscle mass



Gomes F et al. JAMA Netw Open. 2019. 1;2(11):e1915138.



Gomes F et al. JAMA Netw Open. 2019. 1;2(11):e1915138.

Nutritional support was also 

associated with a reduction in 

nonelective hospital readmissions 



HMB: β-Hydroxy β-Methylbutyric Acid
Arg: Arginine
BCAA: Branched-Chain Amino Acid
Gln: GlutamineOrsso C, et al. Am J Clin Nutr. 2024;120:1311-1324.

High-Protein Supplementation Beneficial for Patients on 
Cancer Treatment? 

A Systematic Review and Meta-Analysis

• 35 studies; 3701 patients
• RCTs ≥ 10g protein/serving



HMB: β-Hydroxy β-Methylbutyric Acid
Arg: Arginine
BCAA: Branched-Chain Amino Acid
Gln: Glutamine

Orsso C, et al. Am J Clin Nutr. 2024;120:1311-1324.



ANTICATABOLIC EFFECT OF OMEGA 3 FA



↓ protein degradation↑ protein synthesis
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GH- Growth Hormone 
IGF-1- Insulin-Like Growth Factor 1 
mTOR- Mechanistic Target of Rapamycin 

HMB ANTICATABOLIC EFFECTS

Prado et al. J Cachexia Sarcopenia Muscle. 2022;13(3):1623-1641. 



MORTALITY

49% lower mortality rate in older malnourished
patients with cardiac or pulmonary disease (90 
days post-hospitalization, receiving ONS)

Deutz et al. Clin Nutr. 2016;35(1):18-26.

Increase in handgrip strength (23.3 ±
0.3 kg) compared to the control group
(22.6 ± 0.3 kg), p = 0.043.

STRENGTH

N=652
ONS: Oral Nutrition Support -  high quality protein, HMB, Vit D



Unique Patient Populations may Require 
different interventions: ICU



Emerging Targets and Treatments for muscle 
loss

Cacciatore S et al. Nutrients. 2024 7;16(19):3271



Practicalities: Oral Dysfunction and Dysphagia

• Tooth loss, periodontal disease, salivary decline with aging and 
compromise mastication and swallowing heightening malnutrition 
and aspiration risk

• Further compromised with sarcopenia and frailty
• Japan has an “oral Hypofunction” insurance category; prompts 

early intervention and accountability





Malnutrition, Sarcopenia, Frailty

• Screening: All should be routinely assessed in high-risk 
populations (older adults, chronic disease, hospitalized patients)

• Early intervention can break the cycle
• Nutrition support (eg. high protein diets, Supplements)
• Resistance exercise, physical therapy
• Treat underlying disease
• Multidisciplinary management



Conclusions

•  Malnutrition, Sarcopenia and Frailty co-locate
• Identification of risk with screening may allow opportunities to 

break the cycle
• Specific targeted nutrient interventions can have an impact on 

outcome
• Multimodal approaches are needed to address malnutrition, 

sarcopenia and frailty 



Thanks …

• Thanks to Carla Prado for sharing her slides, knowledge and skills
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