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Abstract

Malnutrition, sarcopenia, frailty and cachexia are different conditions but have 
overlapping characteristics and consequences for older adults. These conditions 
are especially prevalent in hospitalised patients affecting almost two thirds of 
older adults. They can often be hidden conditions; hence multidisciplinary 
awareness is needed for optimal identification and management. This chapter 
provides an overview of the definitions of each of these syndromes, its detrimen-
tal impact on health outcomes of older adults and tips for clinical practice 
implementation.
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Learning Outcomes
By the end of this chapter, you will be able to:

• Recognise the commonalities and differences among malnutrition, physical dys-
function, sarcopenia, frailty and cachexia.

• Report prevalence and consequences of these conditions in older adults.
• Justify nutritional interventions and tips for clinical practice implementation.

8.1  Preface

This patient is likely suffering from sarcopenia, a condition often observed with 
ageing, and that associates with functional decline, among other outcomes. Low 
muscle mass is a defining feature of sarcopenia, also associated with other condi-
tions discussed in this chapter: malnutrition, frailty and cachexia (Table 8.1). In fact, 
these syndromes may overlap, and almost two thirds of older medical inpatients 
would show at least one of these conditions [1].

8.2  Definitions, Diagnosis, Prevalence and Relevance

8.2.1  Malnutrition

According to the World Health Organization (WHO), malnutrition is a condition 
associated with deficiencies, excesses or imbalances in a person’s intake of energy 
and/or nutrients. It includes undernutrition, micronutrient-related malnutrition, 
excess body weight and diet-related communicable disease [2]. Although different 

A 65-year-old male presenting with excess body weight (body mass index 
(BMI)  =  31  kg/m2) and reporting no concerns is at your clinic today for 
annual check-up. During the consultation, the patient casually mentions he 
often needs help with opening jars noting he ‘is not as strong as he used to 
be’. Physical examination, blood pressure and laboratory results are normal.

Table 8.1 Malnutrition, sarcopenia, frailty and cachexia: differences and similarities

Malnutrition Sarcopenia Frailty Cachexia
Weight loss X ? X X
Low body mass index (BMI) X ? X X
Muscle loss/weakness X X X X
Fat loss ? ? ? ?
Inflammation X ? ? X
Loss of appetite/nutrition impact symptoms X – ? X
Low food intake X – Sometimes X

X = yes/usually present, ? = not necessarily present

C. M. Prado et al.
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criteria have been proposed for the diagnosis of undernutrition or protein-energy 
malnutrition (malnutrition), a global consensus was recently commissioned by 
major scientific societies, launching the Global Leadership Initiative on Malnutrition 
(GLIM) empirical diagnostic consensus [3]. According to the GLIM criteria, the 
diagnosis of malnutrition is divided into phenotypic and etiologic criteria, with two 
stages of severity (moderate and severe) (Table  8.2). These, and other well- 
recognised malnutrition diagnostic tools, ensure the diagnosis of malnutrition is not 
reliant on single-point measures such as BMI, albumin, identification of less than 
expected fat mass and/or reduced muscle mass or function alone. Suitable diagnos-
tic tools should consider evidence of weight loss, low BMI or reduced muscle mass 
in combination with either inadequate intake or uptake of protein and/or energy 
sources or increased requirements for protein and energy. For example, an individ-
ual may have experienced weight loss and muscle depletion as a result of stroke- 
related inactivity. However, unless protein or energy intake is deficient or the subject 
has a co-morbid condition increasing metabolic requirements, these would not be 
diagnosed as malnutrition. Conversely, a high BMI alone does not preclude malnu-
trition, for example, in a person with obesity with sustained inadequate protein 
intake and consequent muscle loss [17].

Older adults are at risk for malnutrition. Malnutrition in this population may be 
associated with physiological, disease- or age-related changes, socio-economic or 
cultural factors, in addition to misinformation or misconceptions which can impact 
accessibility to food or adequacy of protein/energy intake [18]. These are detailed 
in Chaps. 3 and 4.

Malnutrition may go unrecognised in older adults due to a broad variety of 
factors, including failure to screen for malnutrition; poor screening tool sensi-
tivity; reliance on inappropriate diagnostic measures, for example, albumin; and 
the misconception that malnutrition is only present in patients who are thin. 
With increasing prevalence of obesity globally, observing a diagnosis of over-
weight or obese malnutrition (DOOM) in older hospitalised patients is not 
uncommon and increases the likelihood of hospital-acquired complications, 
reduced mobility and 12-month mortality [17, 19]. A misdirected healthy self-
image, association of unintentional weight loss as a perceived positive benefit or 
a denial of reducing intake or unintentional weight loss to maintain a positive 
effect leads many malnourished patients to report their nutrition status as good 
to excellent [18, 20].

As mentioned in previous chapters, a 2016 systematic review of 54 studies 
using validated tools to screen for malnutrition in community-living adults con-
cluded that up to 83% of adults age 65 and older are at risk for malnutrition [21]. 
A multinational effort to describe the prevalence of malnutrition [22] in 12 
countries has reported this condition to be present in approximately 50% of 
those in rehabilitation, 39% in those hospitalised, 14% in residential care and 
6% in community-living older adults. Malnutrition in older adults leads to det-
rimental impacts on health, cognitive and physical functioning and quality of 
life [23]. It has been associated with increased healthcare costs and short time 
survival [18].
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8.2.2  Low Muscle Mass, Physical Dysfunction and Sarcopenia

The loss of muscle mass and strength in ageing is studied in the context of sarcope-
nia. Although muscle mass and strength decline progressively after the age of 40, 
this loss is accelerated with advancing age (65 and older), becoming even more 
pronounced in individuals aged 85 and older. Estimates indicate that approximately 
45% of older adults in the United States are affected by sarcopenia. Furthermore, 
sarcopenia has been reported to affect 30% of individuals over 60 years of age and 
more than 50% of people over 80 years [24]. A recent systematic review and meta- 
analysis of general population studies including 58,404 individuals found that 10% 
of men (95% CI 8–12%) and 10% of women (95% CI 8–13%) had sarcopenia [25]. 
Notably, prevalence rates are widely variable depending on the diagnostic crite-
ria used.

Similar to malnutrition, there is no gold standard for screening or diagnosing 
sarcopenia. A well-recognised screening tool for sarcopenia is the SARC-F ques-
tionnaire [26] which measures strength, assistance needed in walking across a 
room, rising from chair/bed difficulty, climbing stars and falls. The addition of calf 
circumference to this questionnaire has been found to improve the sensitivity of 
SARC-F [27].

Several approaches are available for the diagnosis of sarcopenia such as the 
European Working Group on Sarcopenia in Older People (EWGSOP-2) [28], the 
Foundation for the National Institutes of Health (FNIH) initiative [29] and the Asian 
Working Group for Sarcopenia (AWGS) [30]. Notably, cut-off points for sarcopenia 
diagnosis should be race- and most often sex-specific. For a description of 
approaches and cut-offs, we refer the reader to Landi et al. [31], which includes the 
most commonly used definitions, with the exception of the EWGSOP which has 
been recently updated. The EWGSOP-2 now defines low muscle strength as a key 
criterion, followed by low muscle mass to confirm the sarcopenia diagnosis and gait 
speed to diagnose the severity of the condition [28].

The use of mass versus function conundrum is an ongoing source of debate 
related to sarcopenia diagnosis. Sarcopenia of ageing is considered primary sarco-
penia, but in the context of a chronic disease (i.e. independent of ageing), sarcope-
nia is considered secondary sarcopenia as observed in the context of cancer, 
pulmonary diseases, heart failure and kidney disease, among others [32]. Patients 
may have both but the difference is that the diagnosis of secondary sarcopenia is 
widely pursued using measures of muscle mass alone. Therefore, secondary sarco-
penia can be identified by low muscle mass.

Body composition techniques commonly used to diagnose low muscle mass 
include dual-energy X-ray absorptiometry (DXA), bioelectrical impedance analysis 
(BIA), computerised tomography and magnetic resonance imaging [28], although 
the latter is extremely limited and solely used in research settings. We refer the 
reader to a more in-depth discussion of the pros and cons of each body composition 
assessment technique [33, 34] and available cut-offs. Of increasing interest is the 
use of calf circumference, which correlates well with muscle mass, but has been 
primarily studied in older adults. Although calf circumference is only a proxy of 
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muscle mass, it is the most commonly used tool for muscle mass assessment in 
clinical practice [35].

Sarcopenia in ageing occurs at any body weight and BMI; in individuals with 
obesity, it is termed sarcopenic obesity, a condition related to worse health out-
comes than either in isolation. The prevalence of sarcopenic obesity is on the rise 
due to the ageing of the population and the obesity epidemic [36]. Diagnostic crite-
ria are as variable for this condition as is the diagnosis of sarcopenia and obesity in 
isolation, although a consensus proposal is in the works by an international expert 
panel [37].

Criteria included in screening and diagnostic tools for sarcopenia (versus 
malnutrition) are shown in Table  8.2. Sarcopenia is a debilitating syndrome 
associated with disability, physical impairments, falls and fractures, decreased 
quality of life, hospitalisations and death [28]. Its related direct healthcare costs 
in the Unites States are estimated to be greater than $18 billion per year, with a 
total estimated cost of hospitalisation of $40 billion per year [38]. A 10% reduc-
tion in the prevalence of sarcopenia could translate to $1.1 billion cost savings 
[39]. Due to the importance of sarcopenia, the WHO recently released the 
International Classification of Diseases code for sarcopenia (ICD-10 under the 
code M62.84; sarcopenia related to age), a major advancement for clinical prac-
tice and research.

8.2.3  Frailty

Definitions of frailty syndrome generally consider a combination of age- or disease- 
related physiological decline [40, 41] across multiple physiological systems, weak-
ness or fatigue, reduced likelihood of positive outcome from healthcare interventions 
and/or increased susceptibility to adverse health outcomes.

There is no gold standard for the diagnosis of frailty, with a perhaps an over-
whelming selection of screening or diagnostic options to consider [40]. Tools are 
commonly aligned to either a ‘phenotypic’ or ‘deficit accumulation’ framework. 
The former of these targets observable characteristics, for example, reduced activ-
ity, function, strength or energy levels, whilst the latter focusses on cumulative 
totals of co-morbidities or conditions. Some suggested frailty screening and assess-
ment tools recommended by the Agency for Clinical Innovation are listed in 
Table 8.2; however which tools to apply should be considerate of contextual factors. 
A detailed overview of commonly used frailty instruments is provided elsewhere 
[40, 41]. As such local treating teams are encouraged to carefully consider which 
tool is most likely to assist appropriate frailty identification and interventions.

The pathophysiology of frailty is complex, ranging from endocrine or immuno-
logical dysregulation, disease states and environmental, physiological or physical 
stressors, all of which may also contribute to sarcopenia, malnutrition or inflamma-
tory processes. In fact, there is a close relationship between sarcopenia and physical 
frailty, and sarcopenia can be considered as the biological substrate for physical 
frailty [42].

8 Untangling Malnutrition, Physical Dysfunction, Sarcopenia, Frailty and Cachexi…
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A diagnosis of frailty is not inconsequential. Estimates of pre-frailty and frailty 
vary according to both screening and diagnostic tools applied, and genuine popula-
tion differences, although many studies suggest prevalence between 10% and 40% 
of older populations [41, 43]. Regardless of the tools applied, frailty is routinely 
associated with functional decline, falls and fractures, hospital-acquired complica-
tions, hospitalisations and institutionalisation, reduced quality of life and increased 
mortality. The healthcare costs of frailty are increased at any level of care, including 
greater healthcare use and increased hospitalisation costs [43].

8.2.4  Cachexia

Cachexia is the most severe condition discussed in this chapter. It is associated with 
an underlying condition that leads to excessive catabolism [44] and has been studied 
in the context of cancer, congestive heart failure, chronic obstructive pulmonary 
disease and chronic kidney disease, among others [12, 45]. Together with preca-
chexia, its prevalence across disease conditions has been estimated at 10–40%, 
affecting more than 30 million people in the United States, based on a 2008 publica-
tion [12, 46].

Cachexia is a multimodal problem, where the presence of inflammatory cyto-
kines, reduced food intake and metabolic dysfunction, including in energy metabo-
lism, may contribute to its development and progression [47]. A multimodal 
intervention is now recognised ideal where nutrition, exercise and pharmacological 
interventions are included as part of optimal cancer care. A key element for success-
ful treatment is the identification of cachexia in its earlier phase (precachexia), 
where inflammation is not so impactful, and nutritional counselling and protein 
supplements may prevent or decrease weight loss.

A defining feature of cachexia is muscle loss that occurs unrelated to changes in 
fat mass. Additionally, it has been associated with substantial inflammatory process, 
insulin resistance and an imbalance between protein synthesis and degradation, 
favouring the latter. Anorexia, weight loss and weakness are all associated with 
cachexia and of obvious unfavourable consequences to older adults. Patients with 
cancer cachexia have a poor prognosis; they present with poor physical function, 
poor quality of life and shorter survival.

Cachexia has been primarily studied in the context of cancer with an estimated 
prevalence at the European Union of 30% [48]. The most commonly used criteria 
for cancer cachexia is shown in Table 8.2 and is based on an international consensus 
group [16]. Sarcopenia in the context of cachexia is defined as secondary sarcope-
nia, and hence, only measures of muscle mass have been used in the great majority 
of publications assessing sarcopenia in cachexia. This is also endorsed by the con-
sensus group [16]. Definitions of sarcopenia of ageing (primary sarcopenia) that 
include measures of muscle strength/function have generally not been validated in 
the context of chronic diseases, including cancer. The diagnosis of low muscle mass 
(or sarcopenia) in cancer cachexia can be done using the body composition tech-
niques or surrogate assessments described in Sect. 8.2.2. Based on the consensus 
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group [16], physical examination including anthropometry can be used to estimate 
or evaluate muscle mass status, although they are not as accurate as body composi-
tion assessment techniques. Bioelectrical impedance analysis and computerised 
tomography scans are among the most popular bedside tools for the estimation and 
measurement (respectively) of body composition in cancer cachexia publications.

8.3  Nutritional Treatment and Management Approaches

Nutrition is a powerful therapy. Every other therapeutic approach is likely to fail if 
essential nutrients are not provided for optimal energy intake and muscle anabo-
lism. An overview of nutritional management approaches for the conditions dis-
cussed in this chapter is shown in Table 8.2. Additional details on nutrition support 
are provided in Chap. 5.

In the context of malnutrition, common dietary approaches include multidisci-
plinary nutritional interventions, dietary intensive treatment, medical treatment and 
meal delivery service (e.g. Meals on Wheels) [49]. Individuals with poor nutrition 
knowledge are at greater risk to develop malnutrition [50]; hence nutritional educa-
tion has the potential to improve nutritional status although knowledge does not 
necessarily translate in healthy eating habits [51]. Helping with meal planning and 
use of social programmes during mealtimes may positively influence meal choices. 
Nutrient-rich, flavour-enhanced meals (with herbs and spices) and the addition of 
nutritional supplements are helpful strategies [52] (Chaps. 3–5).

In the context of sarcopenia, both the quantity and quality of nutrients are essen-
tial to sustain muscle mass as shown in Fig. 8.1. These nutrients are important to 
several conditions hereby discussed, and they have an important role to be explored 

Energy needs
25-30 kcal/d*

Protein
1.0-1.5 g/kg/d (aging)

or
1.2-2.0 g/kg/d 

(chronic disease such as 
cancer)

Amino acids &
derivatives
Leucine
HMB

Glutamine
Carnitine
Creatine

Fish oil/EPA

Vitamins/minerals

Fig. 8.1 Nutrients under consideration for the treatment of low muscle mass. HMB beta-hydroxy 
beta-methylbutyrate, EPA eicopentaenoic acid. (Adapted from Prado et al. J Cachexia Sarcopenia 
Muscle. 2020; 11: 366–380 [53] and Prado et al. Ann Med. 2018;50:675–693)
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in the context of prevention and treatment of muscle wasting. However, with the 
exception of targeted energy and protein needs, there is insufficient evidence to sup-
port additional supplementation of nutrients shown in Fig. 8.1. Furthermore, vita-
mins and minerals should be provided at Dietary Reference Intake levels. More 
research is needed to explore the impact of these nutrients alone or as part of a 
multimodal approach to maximise patient’s anabolic potential [32, 53, 54].

With respect to frailty, evidence supports ensuring adequate protein, energy 
and micronutrient intakes. Additional work is required to confirm whether multi-
modal approaches, combining nutrition care with physical activity [55, 56], 
comorbidity management and provision of advice on health behaviour improve-
ments prevent or ameliorate frailty in the reversible phases of the condition [41, 
43]. The available limited research on the effectiveness of system-level interven-
tions is inconclusive (Table 8.1) [41, 43]. However, in the absence of adequate 
supporting evidence, we would suggest teams consider multi-model, interdisci-
plinary interventions at the individual and system levels across the continuum of 
care (Chaps. 1, 3–6, and 13). Treating teams should also ensure that chosen inter-
ventions are aligned with treatment intent, goal setting and shared decision-mak-
ing processes (Chap. 21).

In the context of cachexia, nutrition therapy depends on individual patient’s 
needs. Recently published guidelines for the management of cancer cachexia (which 
can be translated to other clinical settings) [57] acknowledge the importance of 
dietary counselling, fortified foods, oral nutritional supplements or enteral feds with 
adequate energy and protein (and potentially anti-inflammatory ingredients) as 
important nutritional strategies as outlined by Arends et al. [44]. In patients with 
less than 3-month life expectancy (i.e. refractory cachexia), nutrition is palliative, 
provided as needed to alleviate feelings of hunger and thirst [44]. Nutritional care 
should be adjusted according to patient’s specific nutritional and metabolic require-
ments (Chap. 21).

In all the disease contexts, physical activity provides essential anabolic stimuli. 
Aerobic training may also help optimise fat mass. Pharmacological interventions 
have not been approved for the management of muscle wasting specifically but can 
be used to manage the underlying disease and unfavourable symptoms that can 
culminate in muscle loss. Therefore, this potentially offsets nutrition impact symp-
toms, optimising anabolism through increased food intake and anabolic potential.

8.4  Key Levels to Implement Change

An engaged multidisciplinary team can work collectively and collaboratively in the 
identification of malnutrition, physical dysfunction, sarcopenia, frailty or cachexia. 
Nurses are the frontline staff with most patient contact who can also be responsible 
for screening patients for these conditions. Dietitians provide the specialised assess-
ment and support of patient’s nutritional status, and medical professionals can 
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support the holistic approach and ensure integration of the care process with all 
members of the healthcare team. Documentation of the diagnosis and care plan is 
essential and all are responsible (Chaps. 3, 4, and 6).

Accurate assessment of these conditions should be at the core of management 
pathway for at risk patients [58]. Creating an institutional culture on the relevance 
of these conditions helps to redefine priorities and advance assessment/interven-
tions and monitoring of a quality improvement programme [59] targeting malnutri-
tion, physical dysfunction, sarcopenia, frailty or cachexia. Patient engagement is 
key to advancing care, and the use of animated videos, infographics and other 
patient resources can be instrumental to achieve that [60, 61]. Selected examples 
can be watched using the following links provided below (see recommended 
viewing).

8.5  Conclusion

The syndromes hereby discussed are distinct yet interrelated. As such, their compo-
nents should be considered as interlinked factors, one leading to another and on a 
potentially vicious cycle manner. A perfect diagnosis can be challenging for the 
healthcare team, especially as some of the conditions may be hidden, requiring an 
in-depth assessment of nutritional status. Optimisation of assessment and treatment 
can support timely and comprehensive care to older adults involving multimodal 
care across the continuum of care.
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